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I, Robert J. Brandes, declare as follows: 

BACKGROUND AND EXPERIENCE 

1. My name is Robert J. Brandes, P.E., Ph.D.  I am over the age of 18, have 

personal knowledge of the facts set forth in this Declaration, and if called as a witness could 

and would testify competently under oath to such facts. 

2. I have been engaged in consulting engineering practice since the late 1960s 

specializing in water resources and related engineering and environmental disciplines. Today, 

I own and operate my consulting business Robert J. Brandes Consulting in Austin, Texas.  My 

street address is 6000 Maurys Trail, Austin, Texas 78730.   

3. I have been retained by the State of Texas to provide consulting services on 

hydrologic and water resources issues presented in this case.   

4. A true and correct copy of my professional curriculum vitae is attached hereto 

as Attachment 1 and is incorporated as though fully set forth herein.     

5. My education includes a Bachelor of Science degree in Civil Engineering from 

the University of Texas at Austin (1967), a Master of Science degree in Civil Engineering 

from the University of Texas at Austin (1968), and a Ph.D. in Water Resources from the from 

the University of Texas at Austin (1972). 

6. I am licensed in Texas as a Professional Engineer, No. 39120. 

7. I specialize in water resources and related engineering and environmental 

disciplines.  I have represented numerous private, commercial, and governmental entities, 

providing various planning, analysis, permitting, design, and operational services for a wide 

range of water projects.  I have directed and conducted numerous studies and investigations 

dealing with surface and groundwater hydrology and hydraulics; water resources planning and 

development; water availability modeling (WAMs), water rights permitting and related issues; 
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municipal, industrial and agricultural water supply; reservoir system operations; rural and 

urban flooding and stormwater management; water quality; irrigation system analyses; project 

site development engineering; and environmental impact assessments.  My experience 

encompasses a wide variety of problems involving rivers and streams, lakes and reservoirs, 

groundwater aquifers, wetlands, and bays and estuaries, and I am especially familiar with the 

development and application of computerized simulation techniques for analyzing water-

related phenomena in these systems.   

8. I have prepared and presented testimony and served as an expert witness in 

various judicial proceedings in state and federal courts and in administrative and regulatory 

hearings conducted by the State Office of Administrative Hearings and natural resources 

agencies in Texas, as well as the Texas Legislature.   

9. I have authored or co-authored numerous technical documents and project 

reports, and have presented many technical papers and lectures pertaining to water resources 

and water rights at professional society meetings, water conferences and short courses. 

10. In the last four years, I have testified as an expert witness in two cases.   

11. The Rio Grande is an interstate and international river, approximately 

1,800 miles long, originating in southern Colorado.  See National Resources Committee, 

Regional Planning: Part VI-The Rio Grande Joint Investigation in the Upper Rio Grande 

Basin in Colorado, New Mexico and Texas 1936-1937, published in February 1938 (JIR) at 7 

(Volume I).  The JIR reflects an investigation by federal agencies at the request of the Rio 

Grande Compact Commissioners with input from Colorado, New Mexico, and Texas 

representatives.  The primary purpose of the joint investigation was to compile factual data 

essential to support an apportionment of the waters of the Rio Grande above Ft. Quitman.  JIR 

at vi-vii.  A true and correct copy of the JIR is attached hereto as Attachment 2.  
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12. The Rio Grande winds southward approximately 400 miles across New 

Mexico, and crosses into Texas near the city of El Paso, where it defines the 1,250-mile 

international boundary between the United States and Mexico as it traverses to the Gulf of 

Mexico.  The entire Rio Grande basin is depicted on the map below entitled Figure 1.   

 
FIGURE 1: The Rio Grande basin 

 
13. Along its entire course, the Rio Grande provides a source of surface water that 

is used extensively to meet the needs of municipalities, industries, and agricultural irrigators, 

as well as to support various environmental uses.  Numerous dams and reservoirs exist along 

the river primarily for water supply and flood control purposes; consequently, flows in much 

of the river are substantially controlled and regulated.     

14. With respect to the usage of water, the river is divided into two distinct 

sections at Fort Quitman.  The Upper Rio Grande basin (the area above Fort Quitman, Texas) 

is comprised of parts of Colorado and New Mexico, and a very small part of Texas.  The 

Upper Rio Grande basin itself is divided into three sections: (1) the San Luis section in 
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Colorado, (2) the Middle section in New Mexico, and (3) the Elephant Butte-Fort Quitman 

section in New Mexico, Texas, and Mexico.  JIR at 7.  This case is centered primarily upon 

issues involving the Elephant Butte-Fort Quitman section of the Upper Rio Grande basin.  

Figure 2 depicts the Upper Rio Grande basin.  

 

 
FIGURE 2: The Upper Rio Grande basin 

15. A different naming system for the full Upper Rio Grande basin geographic 

area (upstream of Ft. Quitman, Texas) is used locally.  The San Luis section in Colorado is 

referred to as the “Upper Rio Grande,” the middle section in New Mexico is referred to as the 

“Middle Rio Grande,” and the Elephant Butte-Fort Quitman section in New Mexico, Texas, 

and Mexico is referred to as the “Lower Rio Grande.”  This local naming system is used in 

my Declaration and in Texas’s Memorandum of Points and Authorities in support of its 

Motion for Partial Summary Adjudication.  Correspondingly, this case is primarily centered 

upon issues involving the Lower Rio Grande, as the term is used in this local naming system.   
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16. The Project was authorized pursuant to the Rio Grande Reclamation Project 

Act of 1905 as a federal project that provides water from the Rio Grande primarily for 

agricultural irrigation along the Rio Grande in southern New Mexico and in the El Paso 

Valley of Texas.  Elements of the Project also provide hydropower, flood control, and water 

for municipal users.  It included construction of Elephant Butte Dam and Reservoir 

(“Elephant Butte Reservoir” or “Reservoir”) on the Rio Grande near Truth or Consequences, 

New Mexico, to provide stored water for Project users.   

17. The states of Colorado, New Mexico, and Texas agreed to the Rio Grande 

Compact in 1938 (1938 Compact or Compact).  As a result of the negotiations to formalize 

the 1938 Compact, depletions were frozen at pre-1938 conditions.  Two delivery schedules, or 

indices, were adopted: one for Colorado to New Mexico, and one for New Mexico to 

Elephant Butte Reservoir.  These schedules were derived from streamflow data and analyses 

developed primarily by the JIR – an effort to provide the needed data to resolve the impasse 

over the apportionment of the Rio Grande waters above Fort Quitman.   

18. The total water supply available for diversion by Elephant Butte Irrigation 

District (EBID), El Paso County Water Improvement District No. 1 (EP#1), and Mexico 

included storage in and  releases from Elephant Butte Reservoir and return flows generated 

within EBID and EP#1.  New Mexico’s post-Compact development has depleted that water 

supply by capturing returns flows that otherwise would have been available.   

19. By 1938, and later, releases from Elephant Butte Reservoir comprised 

effectively all of the Rio Grande surface water supply in the Lower Rio Grande.  In addition 

to releases from the Reservoir, small amounts of seasonal arroyo discharges contribute to 

available water in the Rio Grande.  These arroyo flows were included in the total volume of 

water that was to be made available downstream of the Reservoir.    
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20. Mining of a groundwater basin means that more water is being pumped from 

the groundwater basin than can be replaced, causing groundwater levels to decline and, in the 

context of this case, has caused further depletion of the volume of water available to Texas.  

Groundwater pumping in New Mexico continues unabated today.     

21. Colorado, New Mexico and Texas adopted the Compact in 1938 to ensure, 

among other things, a prescribed delivery of water from the Rio Grande in Elephant Butte 

Reservoir.  The Project is dependent on the Compact for its water supply.  The Project, in 

turn, is the means by which the water apportioned to Texas by the Compact is stored in 

Elephant Butte Reservoir, and subsequently delivered to Texas (subject to deliveries to EBID, 

pursuant to its contract with the United States, and to Mexico, pursuant to the 1906 Treaty). 

The relationship between the Compact and the Project is critical to the ability to effectively 

supply water from the Rio Grande to users in Texas, EBID, and Mexico.  Both the Project and 

the Compact were conceived and implemented prior to the significant development of 

groundwater in the Rincon and Mesilla basins of New Mexico, which began in the early 

1950s.   

22. Today, the Project includes Elephant Butte Dam and Reservoir, Caballo Dam 

and Reservoir located immediately below Elephant Butte Dam, a hydropower plant at 

Elephant Butte Dam, three diversion dams on the Rio Grande in New Mexico (Percha, 

Leasburg, and Mesilla), two diversion dams on the Rio Grande in Texas (American and 

International, both owned and operated by the International Boundary and Water 

Commission), and an extensive system of canals, laterals, waste ways, and drainage ways that 

support irrigation operations in EBID and EP#1.  The major dams and reservoirs and the 

diversion dams included in the Project are identified on the map of the region in Figure 5.   
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FIGURE 5: Map of Rio Grande Project Area 

23. There are 159,650 acres authorized within the Project, with 90,640 acres 

within EBID in New Mexico and 69,010 acres within EP#1 in Texas.  These acreages 

translate to approximately a 57/43 split for the distribution of irrigable acres between EBID 

and EP#1 (collectively “Districts”).  

24. Releases of Project water stored in Elephant Butte and Caballo Reservoirs are 

made at the start of the irrigation season (typically February) to Project users in New Mexico 

and Texas, and to Mexico.  The Districts request releases of stored water during the irrigation 

season in response to irrigation demands.   As a practical matter, however, diversions by the 

Districts and Mexico consist of varying amounts of reservoir storage, return flows from 

upstream irrigation operations, and occasional arroyo inflows.  Return flows are a key part of 

Project operations, and interference with return flows removes a critical component of 

deliveries to Project users.  Project return flows consist of excess irrigation tailwater and 

TX_MSJ_000008



 

9 

groundwater seepage from irrigated fields that are collected in drains that convey these return 

flows to the Rio Grande.  The proportion of return flows in the river increases in the 

downstream direction relative to stored water from the reservoirs, and the water diverted by 

Project users in the lower Mesilla basin and in the El Paso Valley of Texas includes diversion 

of significant quantities of return flows.   

25. Figure 6 is Table 90 of the JIR.  It shows the percentage of net diversions for 

each valley for reservoir releases, arroyo flow, and drain flow for the period prior to the 

Compact.  The net diversions in the Rincon portion of EBID contained 0.3 percent drain flow 

and seepage (return flows) and net diversions in the Mesilla portion of EBID contained 

7.4 percent, while the net diversions into the Franklin canal in EP#1 contained 35.1 percent 

return flows and the net diversions into the Tornillo canal in EP#1 contained 57.7 percent 

return flows and only 38.2 percent of reservoir releases.   

 
FIGURE 6: Table 90 of the JIR 

 

26. After diversion by EP#1, Project water is delivered to the  city of El Paso for 

municipal use under agreements with EP#1 and its constituents that assign their Project water 
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allotments for specific land parcels to the city.  Excess canal flows and return flows from 

Project lands within EP#1 also provide a supplemental water supply for approximately 

18,000 acres of land within the Hudspeth County Conservation and Reclamation District 

No. 1 (HCCRD) below EP#1 down to Fort Quitman, Texas.   

27. Within the Project area from Elephant Butte Reservoir downstream to Fort 

Quitman, Texas, the Rio Grande covers approximately 210 river miles.  Project water was to 

be allocated between irrigators in southern New Mexico and in the El Paso Valley of Texas in 

proportion to the irrigated acreage of Project lands within each state.     

28. A water budget is an accounting for a defined time period of the inflows into, 

and the outflows from, a defined control area.  Often, performing a water budget with known 

volumes of inflows and outflows for a specific time period can lead to the quantification of 

one or more unknown variables for that same time period.  Performing multiple water budgets 

for a specific control area for different time periods can provide information regarding how 

certain phenomena may have changed.  Even a visual depiction of the water budget for a 

control area showing the generalized movement of water into, within, and out of the area 

under different conditions and circumstances can be informative and help to understand how 

the Project water supply system was originally conceived to work and how it has changed 

with the development of groundwater in New Mexico.   

29. I have utilized conceptual water budgets to illustrate the effect of groundwater 

depletions in the Project area within the Rincon and Mesilla basins of New Mexico where 

significant groundwater development began in the early 1950s.  Prior to the development of 

extensive groundwater pumping in the Rincon and Mesilla basins, groundwater levels 

generally were relatively high and fluctuated in response to the seasonal application of 

irrigation water from the Rio Grande on Project lands.  In the early days of the Project, this 
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phenomenon created a serious problem.  Soon after the Project began delivering water to the 

irrigators, groundwater levels rose in New Mexico to and above ground level, thereby 

waterlogging and making useless land previously capable of growing crops.  The solution was 

to construct a complex system of drains that would capture excess groundwater created by 

irrigation and return it to the river.  This “return flow” became a significant source of 

irrigation water for downstream irrigators, particularly in Texas, a fact recognized and 

catalogued in the JIR.  With the construction of the drains, irrigation water not consumed by 

crops and other vegetation or by evaporation, percolated down through the soil into the 

groundwater system, which typically flowed toward and into drains specifically designed for 

collecting groundwater and for conveying groundwater and excess irrigation tailwater away 

from fields and to the Rio Grande.  This condition is illustrated in a general fashion by the 

diagram in Figure 10. 

 

FIGURE 10: Schematic of Rio Grande and Groundwater System Interaction Prior to Development of 
Groundwater Pumping in Rincon and Mesilla basins 

30. As shown in Figure 10, Project water is diverted from the Rio Grande into an 

irrigation system canal and then distributed to individual irrigated fields, where it is either 

consumptively used by the growing crops or evaporated into the atmosphere.  Any excess 

irrigation water is either discharged directly to the drain as tailwater or percolated through the 

subsurface into the groundwater system.  The bottom of the drain is below the upper level of 
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the groundwater; thus, groundwater is induced to flow toward and into the drain.  Similarly, 

the bottom of the river channel is below the level of the groundwater, with water shown 

flowing in both directions depending on the relative heights of the water in the river and the 

groundwater from location to location.  The irrigation tailwater and groundwater that is 

collected in the drain flows to the river and is referred to as return flow.  The return flow from 

the drain that is discharged into the Rio Grande provides an important supply of Project water 

for users located downstream, namely users in the lower Mesilla basin and in the El Paso 

Valley of Texas.  This important source of water for Project users was contemplated in the 

early development of Project operations and in the negotiations among the states leading up to 

the adoption of the 1938 Compact.   

31. For example, the JIR investigation determined that approximately 35 percent 

of the total supply of Project water delivered to Texas in the El Paso Valley was from 

upstream return flows, with the majority of the balance originating as releases from Caballo 

Reservoir.  Conversely, since water for Project users in New Mexico was diverted from the 

Rio Grande farther upstream, i.e., above the river outfalls of most drains, less than 

seven percent of New Mexico’s total deliveries originated from return flows.    

32. With the extensive development of groundwater in the Rincon and Mesilla 

basins of New Mexico that began during the early 1950s – particularly in the relatively 

shallow aquifers with generally high groundwater levels such as those along the Rio Grande – 

groundwater levels began to fluctuate and decline in some areas.  This in turn caused 

discharges of groundwater into the drains, and directly into the river, to be reduced.   

Eventually, with enough groundwater pumping, the groundwater gradient in many areas 

reversed, with significant reductions in the groundwater inflows to the drains and into the 

river. This condition is illustrated by the diagram in Figure 11.   
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FIGURE 11: Schematic of Rio Grande and Groundwater System Interaction After Development of Groundwater 
Pumping in Rincon and Mesilla basins 

33. As shown in Figure 11, the level of the groundwater is below the bottom of the 

river channel and the drain, and water flowing in the river and in the drain moves toward and 

into the groundwater system, rather than the other way around, as it was prior to the initiation 

of groundwater pumping.  The discharge of return flow from the drain into the river is 

substantially curtailed, if not reduced to zero, thereby also reducing the flow in the river.     

34. The phenomenon of reduced river flows caused by groundwater withdrawals is 

an underlying component of what is referred to as streamflow depletions, and these 

streamflow depletions have increased along the Rio Grande within the Rincon and Mesilla 

basins since significant groundwater development began in the early 1950s.  One of the 

obvious impacts of these increased streamflow depletions has been to alter the Project water 

budget by reducing flows in the Rio Grande that otherwise would ultimately reach water users 

in the lower Mesilla basin and in the El Paso Valley in Texas.  In essence, the release of a 

specific quantity of water from Caballo Reservoir now contributes less to the surface water 

supply for these users because of the losses of flow due to the increased seepage from the Rio 

Grande and interior drainage ways, thus altering the previously existing Project water budget.   

TX_MSJ_000013



 

14 

35.   In the early 1980s, the BOR developed the D1 and D2 allocation curves for 

the Project based on 1951-1978 operating data, and under normal supply conditions for the 

Project, these curves provided for 122 percent of the annual Caballo Reservoir release to be 

diverted from the Rio Grande for Project users.  This additional 22 percent was almost 

entirely from return flows discharged into the Rio Grande from drains.  This is shown on 

Figure 10 (Schematic of Rio Grande and Groundwater System Interaction Prior to 

Development of Groundwater Pumping in Rincon and Mesilla basins), discussed above.  

These D1 and D2 allocation curves reflect conditions that are different from the flow regime 

that existed at the time of the Compact.  The D1 and D2 allocation curves were based upon 

the depleted flow conditions influenced by the extensive groundwater pumping in New 

Mexico during the 1951-1978 period.   

36. I have reviewed, and am familiar with the contents of, the 2001 Report of the 

Rio Grande Compact Commission.  A true and correct copy of the 2001 Report of the Rio 

Grande Compact Commission is attached hereto as Attachment 3.  Within that report, 

beginning at page 3, is the Report of the Engineer Advisors to the Rio Grande Compact 

Commissioners, dated February 22, 2002 (2/22/02 EA Report).  The 2/22/02 EA Report 

demonstrates that there is nothing in all the figures that the Compact Commission collects that 

addresses the 57/43 split.  This is because that is an allocation issue and not a Compact issue.  

If it were a Compact issue, it would have been accounted for as such.  Section 2.1 of the 

Memorandum of Understanding between the Rio Grande Compact Commission and the BOR, 

included in the 2001 Report of the Rio Grande Compact Commission, confirms that the 

Compact accounting data includes “deliveries by New Mexico to Texas at Elephant Butte.”  

2001 Report of the Rio Grande Compact Commission, at 19.    
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37. Regarding the 57/43 split, referable to Project allocations, the Project delivers 

the water available to it at the points of diversion on the river. The volume of Project water 

that was split 57/43 in 1938 for the Project to make the allocation to EBID and EP#l pursuant 

to the contracts with the United States reflected the acreages of irrigated land in the two 

Districts at that time and the generally gaining condition of the river below Caballo Reservoir 

as influenced by relatively high groundwater levels in the absence of significant pumping. 

This changed beginning in the 1950s with the extensive development of groundwater in New 

Mexico and the subsequent lowering of groundwater levels along the Rio Grande that altered 

the condition of the river from a generally gaining stream to a generally losing stream. The 

implications of this change are obvious - river flow losses mean greater depletions and less 

Project water for downstream users. The Project has no control over New Mexico's 

depletions and can only allocate the amount of water remaining after the New Mexico 

groundwater pumping depletes Project water in the river, including Reservoir releases. 

38. I declare under penalty of perjury that the foregoing is true and correct. 

~ 
Executed this l.\- day of November 2020 at Austin, Texas. 

15 
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Robert J. Brandes Consulting 
 

6000 Maurys Trail  Phone:  512/461-1477 
Austin, Texas  78730  Email:  rjbobbrandes@gmail.com 

 
 

Professional Resume 
 

ROBERT J. BRANDES 
 

 
PERSONAL DATA Birthplace: East Bernard, Texas 
 Home Address: 6000 Maurys Trail 
  Austin, Texas  78730 
 
EDUCATION Pre-Engineering Curriculum, Southwestern University, 1962-1964 
 B. S., Civil Engineering, The University of Texas at Austin, 1967 
 M. S., Civil Engineering, The University of Texas at Austin, 1968 
 Ph.D., Water Resources, The University of Texas at Austin, 1972 
 
HONORS Tau Beta Pi,  Chi Epsilon,  Sigma Xi 
 
REGISTRATION Professional Engineer, State of Texas, No. 39120 

 
EXPERIENCE Dr. Brandes has been engaged in consulting engineering practice in Texas since the late 1960s, 

specializing in water resources and related engineering and environmental disciplines.  He has 
represented numerous private, commercial, and governmental entities, providing various 
planning, analysis, permitting, design, and operational services for a wide range of water projects.  
He has directed and conducted numerous studies and investigations dealing with surface and 
ground water hydrology and hydraulics; water resources planning and development; water 
availability modeling (WAMs), water rights permitting and related issues; municipal, industrial 
and agricultural water supply; reservoir system operations; rural and urban flooding and 
stormwater management; water quality; irrigation system analyses; project site development; and 
environmental impact assessments.  His experience encompasses a wide variety of problems 
involving rivers and streams, lakes and reservoirs, ground water aquifers, wetlands, and bays and 
estuaries, and he is especially familiar with the development and application of computerized 
simulation techniques for analyzing water-related phenomena in these systems.  Dr. Brandes has 
prepared and presented testimony and served as an expert witness in judicial proceedings in state 
and federal courts and in administrative and regulatory hearings conducted by the State Office of 
Administrative Hearings and Texas natural resources agencies, as well as the Texas Legislature.  

 
PUBLICATIONS Dr. Brandes has authored or co-authored numerous technical documents and project reports, and 

he has presented many technical papers and lectures pertaining to water resources and water 
rights at professional society meetings, water conferences and short courses. 

 
COMMITTEES Dr. Brandes has served on several committees appointed by Texas state agencies and professional 

associations dealing with water rights, wastewater reuse, water supply planning, and 
environmental flow issues.  He was chairman of the Science Advisory Committee for the 
Legislative-appointed Study Commission on Water for Environmental Flows and the Science 
Advisory Committee for the Governor-appointed Environmental Flows Advisory Committee, 
and he was vice-chair for the Senate Bill 3 Texas Environmental Flows Science Advisory 
Committee.  He currently is a director and past president of the Texas Water Conservation 
Association and has served as flood response committee chairman, surface water committee co-
chair, water availability modeling committee co-chair, and finance committee member.  

 
PROFESSIONAL American Society of Civil Engineers American Water Resources Association 
AFFILIATIONS Texas Water Conservation Association Texas Society of Professional Engineers 

American Academy Water Resources Engineers  
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PROFESSIONAL 
HISTORY 
 
2008 to Present Principal and Owner; Robert J. Brandes Consulting; Austin, Texas. 
2008 to 2015 Senior Consultant; Atkins (formerly PBS&J); Austin, Texas. 
2005 to 2008 Principal; TRC/R. J. Brandes Company, Consulting in Water Resources; Austin, Texas. 
1994 to 2018 Principal and Director; Crespo Consulting Services, Inc.; Austin, Texas. 
1992 to 2005 Principal and Director; Terra Dynamics, Inc.; Austin, Texas. 
1984 to 2005 Principal and Owner; R. J. Brandes Company, Consulting in Water Resources; Austin, Texas. 
1975 to 1984 Associate and Vice President; Camp Dresser & McKee Inc.; Austin, Texas. 
1971 to 1980 Associate, Senior and Principal Engineers and VP; Water Resources Engineers; Austin, Texas. 
1970 to 1971 Special Consultant; F. Barry Haskett Investments/Aquarius, Inc.; New York, NY and Zurich, SUI 
1968 to 1971 Associate; Frank D. Masch & Associates; Austin, Texas. 
1967 to 1970 Research Engineer/Scientist; The Univ. of Texas at Austin, Depart. of Civil Engr.;  Austin, Texas. 

 
REPRESENTATIVE PROJECT 
ASSIGNMENTS  

 
• Currently under contract with the Texas Commission on Environmental Quality to update the hydrologic data base for 

the State’s water availability model of the Texas and Mexico portions of the Rio Grande Basin. 
 
• For Riverbend Water Resources District, developed naturalized flows for extension of the hydrologic data base for 

Run 3 and Run 8 versions of the water availability model for the Sulphur River Basin and modified existing water 
availability models to represent current water rights conditions.  

 
• Directed and performed water availability and project operation studies for the Unappropriated Flows Permit 

sponsored by the Lower Colorado River Authority, including development and evaluation of alternative project 
configurations and components, applying water availability models, investigating numerous environmental flow 
scenarios, working with state regulatory and resource agencies as part of water rights permitting, and coordinating 
work with client, other project team members, and various environmental groups. 

 
• Directed and performed reservoir water availability and firm yield studies, conceptual dam and spillway design, and 

project mitigation planning and analyses for the proposed Lake Ralph Hall on the North Sulphur River in Fannin 
County, Texas, for the Upper Trinity Regional Water District, including preparation of supporting documents for the 
water rights permit application, coordination of permitting activities with the TCEQ, and presentation of expert 
testimony in the SOAH permit hearing. 

 
• Directed and performed water availability and project operation studies for the Excess Flow Optimization Project 

sponsored by the Tarrant Regional Water District, including development and evaluation of alternative project 
configurations and components, applying water availability models, investigating numerous environmental flow 
scenarios, preparation of water rights permit application, working with TCEQ as part of water rights permitting, 
updating District’s accounting plan to reflect new permits and amendments, and coordinating work with client and 
other project team members. 

 
• Served as a special consultant to the State of Texas and the International Boundary and Water Commission through 

the Texas Water Development Board and the Texas Natural Resource Conservation Commission regarding water 
deficits incurred by Mexico under the 1944 Treaty between the United States and Mexico and participated in 
negotiations between the two countries. 

 
• Directed and performed long-range water supply planning for the Lower Colorado River Authority, including analysis 

of future municipal, industrial and power water demands, identification and evaluation of numerous supply 
alternatives, and consideration of alternative means for satisfying environmental flow requirements. 
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• Performed water supply studies for Dow Chemical Company in Brazoria County, Texas, including analysis of DOW's 
historical and projected water demands and supplies, modification and application of the TCEQ’s Brazos Basin water 
availability model for evaluations of DOW's existing and proposed water supply system, investigated reservoir storage 
and river pumping requirements to meet specific levels of water demands considering river salinity effects, and 
provided expert testimony in SOAH permit hearings. 

 
• For City of San Angelo, Texas, provided consulting assistance with several water rights amendments, including water 

availability analyses, preparation of applications, processing of amendments through TCEQ, expert testimony, and 
preparation and maintenance of accounting plan for all of the City’s water rights.  

 
• Developed naturalized streamflows for the Sulphur, Sabine, Colorado, San Bernard, and Rio Grande River Basins and 

for the Brazos-Colorado and Nueces-Rio Grande Coastal Basins for the Texas Commission on Environmental Quality 
as part of the Senate Bill 1 water availability modeling program and direction application of the Texas A&M Water 
Rights Analysis Package to develop water availability models (WAMs) and simulate water availability for existing 
water rights under different flow conditions, assumed water rights cancellation, and various levels of wastewater reuse.  

 
• For Lake Chapman water users, performed firm yield analyses of the reservoir and developed an accounting plan to 

provide an equitable distribution and use of inflows to and storage in the reservoir and to allow equal access to the 
available water supply from the reservoir among water rights holders and users. 

 
• Directed and performed surface water availability studies for the Lower Colorado River Authority/San Antonio Water 

System joint Water Supply Project, including development and evaluation of alternative project configurations and 
components, developing and applying various water availability models to test alternatives, and coordinating work 
with LCRA/SAWS and project team members and making public presentations. 

 
• Provided hydrologic and water rights permitting support for amendment of Tarrant Regional Water District's permits 

for diversion of upper Trinity Basin return flows from the Trinity River into Richland-Chambers Reservoir and Cedar 
Creek Reservoir in order to develop additional firm supply for TRWD customers. 

 
• For the City of Irving, performed assessment of existing water rights and applications for water supplies from Lake 

Hugo and Kiamichi Creek in Oklahoma, developed and applied water availability model for Kiamichi Basin to assess 
Lake Hugo firm yield and reliability of water supplies from reservoir under different operating plans, and prepared 
documentation of findings and study results. 

 
• Performed hydrology, water quality and water supply system operations studies for the Texas Attorney General's 

Office to support potential Federal litigation regarding the use and ownership of water from the Rio Grande Project in 
Texas and New Mexico, including the development of a quantity and quality routing models of Project operations.  

 
• For a public power company, evaluated availability and reliability of cooling water supplies for potential power plant 

projects in the Colorado and Guadalupe River Basins, including application of basin water availability models and 
simulation of off-channel reservoir operations under different water demand conditions.  

 
• For the Lavaca-Navidad River Authority, examined increased water supplies for industrial users through joint 

operation of Lake Texana in the Lavaca River Basin with other surface water rights in adjacent basins, including 
conceptual design and analysis of an off-channel reservoir and development of operating procedures. 

 
• Served as special consultant to the Lower Colorado River Authority with negotiations with the City of Austin to 

develop a joint settlement agreement regarding future use of water rights and available water supplies, including return 
flows, from the Colorado River for the next 100 years. 

 
• Served as special consultant to the Lower Colorado River Authority with negotiations with the South Texas Nuclear 

Project to develop a joint settlement agreement regarding future use of water rights and a dependable supply of water 
from the Colorado River for the life of the project. 
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• Served as a special consultant to the International Boundary and Water Commission to provide assistance with review 
of water conservation plans and other strategies proposed by Mexico to alleviate its water deficit under the 1944 Treaty 
between the United States and Mexico.  

 
• For the Lower Colorado River Authority, performed water availability analyses and modeling to assess water supplies 

and strategies in support of regional water supply planning undertaken pursuant to Senate Bill 1 of the 75th Texas 
Legislature for the Lower Colorado Regional Planning Study (Region K). 

 
• Performed water supply systems operations analyses and water rights/environmental permitting for the proposed 

Brownsville Weir and Reservoir Project on the Lower Rio Grande, including computer simulations of the hydrologic 
behavior and performance of the proposed project considering daily historical sequences of streamflows; preparation 
of an environmental assessment; state water rights and federal 404 permitting support; and meetings and negotiations 
with regulatory agencies, protestants, and Mexican representatives.  

 
• Directed and performed water availability studies as part of a multidisciplinary team of consultants for the Lower 

Guadalupe Water Supply Study that was jointly sponsored by the San Antonio River Authority, San Antonio Water 
System and Guadalupe-Blanco River Authority, including evaluation of alternative project scenarios, applying water 
availability models, coordinating work project team, and making public presentations. 

 
• Investigated existing and projected surface water supplies and demands for municipal, industrial and irrigation users 

in the lower and middle Rio Grande Basin, including reservoir simulations and yield analyses under alternative 
reservoir operating plans and storage allocations, and evaluated Mexican Rio Grande water deficits under the 1944 
Treaty, as part of the eight-county Rio Grande Regional Water Planning Study (Region M). 

 
• Represented the State of Texas as a consultant and expert for the State Attorney General’s Office regarding State 

ownership of land in the Texas Panhandle along the Canadian River in a dispute over oil and gas royalties and 
definition of State property boundary.   

 
• For the City of San Antonio, evaluated alternative scenarios for maintaining springflow conditions required for 

preservation of endangered species at Comal and San Marcos Springs, analyzed stream channel and spring run 
hydraulics at Comal Springs, and presented expert witness testimony in Federal District Court. 

 
• Provided consulting assistance to a private water right holder with determining losses and operating procedures 

associated with adding new diversion points on the Rio Grande in Maverick and Webb Counties for diverting 
approximately 8,000 acre-feet/year of water for municipal use that was previously authorized for irrigation use near 
Presidio, Texas upstream of Lake Amistad and assisted with TCEQ permitting activities. 

 
• Inventoried surface and ground water supply sources and facilities on the 21,000-acre Indio-Faith Ranch on the Rio 

Grande in Maverick and Dimmitt counties in South Texas and developed recommendations and a plan for joint use of 
the available water supplies and water facilities by two entities owning different parts of the ranch. 

 
• Investigated flooding in Big Fossil Creek watershed caused by upstream development in city of Saginaw and provided 

expert witness support and testimony for plaintiffs in Tarrant County, Texas law suit. 
 
• Analyzed domestic and agricultural water demands for 112,000-acre Comanche Ranch in Maverick County, Texas, 

developed water supply plans and facility designs for providing Rio Grande water to meet ranch water demands, and 
assisted with implementation of various water supply strategies and facilities. 

 
• Analyzed potential downstream flooding caused by warehouse and drainage projects implemented by City of 

Fredericksburg, represented City in law suits, and developed mitigation measures used in settlement proceeding.  
 
• Evaluated the impacts of upstream artificial recharge projects in the Edwards Aquifer recharge zone on the yield and 

operations of City of Corpus Christi's reservoirs in the Nueces River Basin, including examination of bay and estuary 
inflows and system operation with other sources of water supply.  
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• Analyzed future water supply availability for the Lower Neches Valley Authority considering existing municipal, 

industrial and irrigation water rights in the Neches River Basin and Federal hydropower water requirements at Sam 
Rayburn Reservoir, including application of the Neches water availability model. 

 
• Served as special consultant to the Texas Natural Resource Conservation Commission for the evaluation and analyses 

of various water rights and water resources management models as part of technical advisory team to select a general 
modeling approach pursuant to the requirements of Senate Bill 1 of the 75th Texas Legislature. 

  
• Analyzed the feasibility (yield and cost) of constructing and operating off-channel reservoir projects for developing 

new municipal water supplies at various locations throughout the San Antonio and Guadalupe River Basins as part of 
the South Central Texas Regional Water Planning Study (Region L). 

 
• Investigated causes of flooding of Republic Bank Towers in Dallas, Texas during severe rainfall event for plaintiffs 

in law suit in Dallas County District Court, including definition of contributing drainage areas, analysis of street 
inflows to lower level parking areas, and presentation of expert deposition testimony. 

 
• Performed hydrology, hydraulics, drainage and flood control studies and investigations for the City of Fredericksburg 

as part of a TWDB-sponsored regional flood prevention plan for the City and surrounding area, including drafting of 
stormwater ordinances, preparation of a drainage criteria manual, and facilities design.  

 
• Performed hydrologic and water rights investigations for the Dallas County Park Cities Municipal Utility District to 

evaluate the ability of Lake Grapevine in the upper Trinity River Basin to provide a firm water supply under various 
operating rules and demand scenarios involving other existing water right holders. 

 
• Analyzed surface water issues related to a Medina Lake water rights amendment for the Bexar-Medina-Atascosa 

Counties Water Control and Improvement District, including analysis of release requirements for instream uses below 
the lake, evaluation of reservoir yield and operations, and examination of reservoir water quality impacts. 

 
• Analyzed stream flooding and erosion using HEC-2 backwater program and sediment transport methods for the City 

of Austin on lower Walnut Creek to evaluate the potential erosion impacts of the City’s treated wastewater effluent on 
an adjacent property owner and presentation of expert witness testimony for defendant in Travis County District Court. 

 
• Performed hydrologic and hydraulic investigations involving floodplain reclamation, hydraulic design of flood control 

facilities, and runoff and flooding simulations for a 2,000-acre residential and commercial development on the West 
Fork of the Trinity River in Tarrant County, Texas, including Section 404 permitting support. 

 
• Performed hydrology and hydraulic studies of the potential impacts of sand and gravel dredging operations proposed 

by Sand Supply, Inc. on or near the Brazos River in Fort Bend County, Texas, and the Colorado River in Fayette 
County, Texas, including assistance with acquisition of permits from the Texas Parks and Wildlife Department, the 
Texas Natural Resource Conservation Commission and the U. S. Army Corps of Engineers. 

 
• Performed hydrologic and hydraulic studies of runoff control and wastewater retention facilities for confined animal 

feeding operations (feedlots and dairies) and simulation of combined runoff storage and irrigation operations for 
effective disposal of contaminated waters under state and federal laws and rules, including analyses for facilities in 
Erath and Maverick Counties, Texas. 

  
• Performed water quality impact analyses and nonpoint source pollution studies for the Brownsville Public Utilities 

Board pertaining to a proposed raw water pipeline diversion from a series of existing storage lakes and resacas, 
including field data collection and water quality sampling, runoff and pollutant transport modeling for a 50-year 
historical period, and projections of water quality conditions with and without the project. 
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The PRESIDF.:1~:.-, 
December 23, 1937. 

The While H(JTU>&, 
Washintc;.:m .D. C. 

My DEAR M:a. P~ESIDEN'I'; 

We have the hono.r to transmit herewiih tl:-a R~oort of the Rio Grande 
Joint, Investip,tfo:i:i., .... 'hich coDAtitutes Pe.rt VI of the series on regional 
pl.;.~ e.otivities and pro~reas. 

The Rio Grande Investigation was undertaken at the request of the 
States of Colorado, New Mexico, and Texas with the National Resources 
Committee serving as a channel for the organization of surveys and studies 
by appropriate Federal and State bureaus. It is a. notable example of 
cooperative endeavor financed partlv through an allocation from the 
Public Works Administration but with substantial contributions from the 
three States and some four or five Federal agencies. 

Sincerely yours, 

H.ui.oLD L. Ic1u:s, 

Secretary of the lnt.mor, Chairman. 

H.a.uT B. Woommrn, 
S"1"etary of War. 

HARBY L. HOPIUNS, 
Works Progrus Admini.stra/or. 

HBNBT A. w ALW.CI:, 
Secret.ary of .4qricultu~11. 

:;.iNIZL :;, 3.oP~R. . 
Su:rffl.D.ry of Com1.ierce. 

FJUNCJ:B PE.Bl:IllfB, 
Secretary of Labor. 

F'm:DB:BlC A. DELANO. 

'J3.A.RLZS ~. ~.iERRU!d. . . 
Hll:NRY s. DENNtBON, 

BEABDSLEY RuML. 

III 

CO- 002943 
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November 30, 1937. 
Mr. FitEDE1uc A. DELANO, 

Chairman, Advisory Committee, 
National Resourcu Committeet 

DEAR MR. DELANO: 
Washington, D. 0. 

We submit herewith the report of the Rio Grande· Joint Investigation, and 
recommend that it be published. 

The report is of national as well as regional importance. Primarily, it forms the 
factual base on which a reasonable plan for the future development of the water 
.resources of the Upper Rio Grande Basin may be constructed. In addition, it illus~ 
trates a new and pioneering method for the preparation of water plans in interstate 
drainage basins of the United States. 

The ooopera~ State and Federal agencies a.re to be oonip:atula.ted upon their 
skill and initiative m organizing a large--sce.le investigation 'Wlthout sdmimstra.tive 
precedent. The members of the consulting boa.rd have displayed rare ability in 
planning and guiding the work. 

From these efforts may come a satisfactory solution of the present critical Rio 
Grande problems, and the experience on which plans for other mtersto.te drainages 
may be undertaken. 

Respectfully submitted. 

ABEL W 0Lll.4N 

Ch.airman, Waur R1Jaouree11 Committee 

Chief Engineer, Marulafl.d State Deparlfflffl.t of Huil.th 

BUSEROD W. ALLIN, 
Spuial Reprurnt.atirie, 

Office of Land Use Coordiflation., 
Department of Agriculture. 

MILTON 8. ElSENBOWl!:R, 
.... ~Or"!irtatar .:i .: .. o..,r..: ·~-_re =:'.)~7l;n111 

.uepar1mim1 JJ .1gric-u,1ure.· 
N. C. GROVER, 

Chief Hrdrau.lic Engineer, 
U. S. Geologi.col SunH1y. 

EDWABD BY4'M', 
Stale Engineer of Calif omw.. 

Romrn B. McWBOBTER, 
Chief Engirnier, 

F«kral Po'll:M Commiaaion. 

Jo:eN C. P,UH:, Commi#sitmer, 
Bureau of Reclamation. 

T:aoRMD1111::ir: 8.A.vU.LE, 
Dean, Colk,e of Engineering, 

New York Unit·er~i111 
' ; ULUN ~- ::'.c:u .. l!:"Y, 

Chiej of Engineers, 
U.S. Corps of Enginuri, 

R. E. T..umETT, 
Stni()f" Sanitary Engineer, 

U. S. Public Health Surir.e. 
Ss:E:in«AN M. Woo1>WA.1U1, 

Chief W aur ConiroZ Planning ET1r,i11eer, 
Timnmee Valky Aulhority. 

.,. 
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AUGUST 101 1937, 
Mr. ABEL Wo~w, 

Chairman, Water Resources Oommittet. 
DEAR Ma. Wouu.N: There is transmitted herewith the report of the Rio Grande joint investi

gation, ooru:iucted under the authority of the National. Resources Committee through its Water Re
sources Committee. The investigation was undertaken at the request of the Rio Grande compact 
commissioners of Colorado, New Mexico, and Texas. It wu carried out in cooperation with the 
United States Geological Survey, the Bureau of Reclamation, the Bureau of Agriculture] Engineering, 
and the Bureau of Plant Industry, with material assistance from the Bureau of Indian Affairs, the 
Resettlement Administration, and Soil Conservation Service. Various other organizations, Federal, 
State, and local, helped by providmg services, materials, records, office or laboratory space, and the 
like. The requisite funds were provided by the three States and several Federal agencies. 

The basin of the Rio Grande above Fort Quitman, Tex., presents in dear relief the nature and 
magnitude of the physical, legal, economic, and social conditions and relationships involved in the 
use of the land and water resources of a large interstate drainage a.rea in Western United States. It 
also furnishes an example of some of the involvements likely t.o arise when an important river is inter. 
national as well as interstate in character. 

For three-quarters of a century. the Western States have been creating and perfecting, gradually 
but definitely, the legal principles and the sodal institutions needed where irrigation is the .chief basis 
of economic life. Although much rems.ins t.o be accomplished, none of the Western States lacks 
authority for adequate control and administration of intrastate waters, whether surface waters or under
ground waters. On the other hand, the authority of a State t.o control and administer interstate waters 
is limited. If the claims of two or more States t.o such waters are in conflict, the States may settle the 
controversy through negotiation of an interstate compact or may have reeoUl'Se to the Supreme Court 
of the United States for adjudication of the differences at issue. The weight of public opinion favors 
the interstate compact. Moreover, the Supreme Court repeatedly has taken a friendly attitude 
towa.rd the compact mode of action. 

In the case of the upper Rio Grande, lock of adequate factual dat11. ~roved to be an ins).µ"!Ilonntab]e 
)bs::i.cle -,,_,;i,c~~Es.·J: :.:-.~. ·--:":::,-;:ac: :nztb..:., •. .:otW1;:lisran.~ ~s.6esr. ~rion.s JY :.ne'. ..1ltefesieri 3t:ues to · 
:ea.en an a.greemem. Jinaily, a suit was oegun in the Supreme Court of the United States with a view 
to adjusting differences between the users of Rio Grande waters in New Mexico and Texas. This 
action was taken, however, prior to the initiation of the eooperative fact-finding investigation. 

The Rio Grande joint investigation constituted a unique approach t.o the underlying problems of 
a grave controversy over an interstate river. For the first time the States engaged in such a con
trovery joined with one a.nother and with the Federal Government in an endeavor t.o find a satisfactory 
basis for the allocation of the waters of a river through the assembly of the factual data. essential to 
such an allocation. The cordial willingness with whlcb the official representatives of Colore.do1 New 
Mexico, and Texas entered int.o the underte.king exemplified constructive statesmanship. The prece
dent they established sbould facilitate negotiations relaµng to other interstate streams. Each of these 
States is vitally concerned with itl!! own welfare, yet in the Rio Grande joint investigation each recognized 
it.a obligation t.o ite sister States; ea.ch accepted the principle that an equitable adjustment of con
flicting interests in the waters of the river is imperative. 

The consulting board which has been responsible t.o the Water Resources Committee for the 
organization and conduct of the investigation is grateful to ail who t.ook part in it. The participating 
agencies cooperated superbly1 and the field organization worked enthusiastically, appa.rently sen.sing in 
the enterprise a great opportunity and a great challenge. Especially appreciative a.re we of the high 
ability a.nd fine judgru.ent displayed by the engineer in charge, Mr. Ha.rlowe M. Stafford. We also 
comm.end the eplendid services of the associate ePgineer, Mr. Fred C. Scobey. 
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It is our conviction that the report transmitted herewith furnishes a sound factual basis for a.n 
apportionment of the waters of the river above Fort Quitman that would be fair and just to ea.ch of 
the States and to its water users dependent o:n the river. It is our conviction also that the report 
furnishes a. sound basis for the development of a plan by which the water that may be made available 
by aaJ:va.ge, storage, importationt md other means would render full service and for the formulation 
of a program }ooking to construction of the requisite works in an orderly, ha.la.need manner. We com
mend the report to the careful consideration not only of the Water Resources Committee and the 
National Resources Committee, but &lso of the States, whose further cooperation will be necessary to 
reach a.n agreement with respect to the problems of the river, and of the a.dministrationa.nd the A 

Congress, whose usista.nce will be needed in providing the physical works involved in a workable so~ 
lution of those problems. 

Very sincerely yours, 
FRANK ADAMS, 

HARLAN H. BABROWB, 

Chairman, Ocnundting Board, 
Rio Gra:ruk Joim !ntJe&tigation. 

VD 
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PART I 
SECTION 1.-INTRODUCTION AND SUMMARY 

Tlae Upper Wo Gru~e Bum 

This investigation is concerned with the water prob
lems of the portion of the Rio Gnmde d.ra.inage area 
which lies above Fort Quitman, Tex., situated about 
80 miles southeast of El Paso. Known generally as 
the Upper Rio Grande Bas.in, it comprises about 34t000 
square miles. The total drainage area of the Rio 
Grande is about 175,000 square miles. 

Rio Grande is an interstate and an international 
stream. It rises in Colorado and flows southward for 
more tha.n 400 miles across New Mexico. After leav
ing New Mexico, it forms the boundary between 
Texas and the Republic of Mexico for a.bout l 250 

' • I 
miles to its mouth. The total length of the river is 
about 1,800 miles. 

With respect to usage of water and the problems 
concerned with that usage, the river is divided into 
two distinct sections at Fort Quitman, or at the narrow 
gorge a few miles below. Above this nearly all the 
water of the river is being consumed by irrigation in 

,Jora.do, New Mexico, Tens, and Mexico. Below, 
... the lower basin, the river develops it.a :flow mainly 

!:rom tributaries in Mexico. 
In the Upper Rio Grande Basin, including parts of 

Colorado and New Mexico, a.nd a very em.all part of 
• · :."~::~. :::lo~~~h.a.n_ 99._·?e~~:c:,;l .. 0'•n~:·.3t.n:roh ~cmes 

from Colorado a.nd New Mexico in aboutequ.;.i~ounts. 
In a.ceorda.nce with natural divisions, the upper basin 

comprioos three principal a.ress: the San Lu.is section in 
Colorado, the Middle section in New Mexico, and the 
Elephant Butte-Fort Quitma.n section in New Mexico, 
Texas, and Mexico. These are indicated on the general 
map, plate 1. 

The San Luis section comprises the basin of Rio 
Grande in Colorado, the principal agricultural area of 
which is the San Luis Valley. This is a broad plam of 
smooth topography, surrounded by mountai.us except 
on the eouth nea.r the Colorado-New Mexico State line. 
where the river hu cut an outlet for the southern portion 
of the valley. The northern portion is not thus dnmed 
a.nd is known u the Cloeed Bum. The valley fioor 
ranges in altitude from '1,440 to 8,000 feet and the 
surrounding mouia.ins from 10,000 to more than 
141000 feet. 

The MiddJe aecfion oomprisee the bum of Rio 
... '<\llde in New Mexico above San Marcial. Below 

C-0Iorado-Ne~ Mmco State line, Rio Grande 

flows through a canyon for about 70 miles to Embudo. 
The "Middle Valley" comprises the long na.rrow terri
tory adjacent to the river from Embudo south to San 
Marcial, a. dista.n.ce of about 200 miles. It is a succes
sion of narrow valleys separated by rock canyons or 
merely short "narrows." Of these subvalleys Santo 
Domingo, Albuquerque, Belen, and the northe~ two
thirds of Socorro com;titute the area of the Middle Rio 
Grande Conservancy District. Altitudes in the Middle 
Valley nmge from 5,590 feet .in Espanola, the upper
most subval.Iey1 to 4,450 feet at San Marcial, at the 
lower end of Socorro Valley. 

The Elephant Butte Reservoir of the Rio Grande 
Proj~t, Unfted States Bureau of Reclamation, occupies 
the immediate river valley from San Marcial narrows 
to Elephant Butte, a distance of about 40 miles. What 
is here designated u the Elephant Butte-Fort Quitman 
eection includes the reservoir area a.nd the wide plains 
and long strips of land adjs..cent to the river from 
Elephant Butte to Fort Quitman, some 210 miles of 
which 130 miles are above El Paso. Like the Middle 
section, Elephant Butte-Fort Quitman section is a 
sucooss.ion of valleys sepuated by canyons and narrows. 
Of these valleys, Rincon, Mesilla, and the northern half 
of _EI Paso Valley on the Texas side of the river oom-
_.Jr~. -;he. il''t2. :i·. ·!::e ~~o ]::-'.!.:!ca,--:-:~:~..;-. -~.:ic;udr,d :,., 
r.he ~mhern b.~f of '.Bi.Paso Vall~y, ;~ the· :r;x~ side, is. 
the area of the Hudspeth County Conservation and 
Reclamation District. The El Paso Valley area south
west of the river is in Mexico. Altitudes in the Ele
phant Butte-Fort Quitman section range from 4,200 
feet at ~lephant Butte to 3,710 at El Paso and 3,400 at 
Fort Quitman. 

Historical Baekground 

The valley lands of the Upper Rio Grande Ba.sin are 
devotied almost entirely to agriculture. Because of 
scant precipitation throughout all valleys of the basin, 
irrigation is required for the successful growing of crops. 
lrriga.tion along the Rio Grande goes back to an un
known date when it was initiated by Pueblo Indians or 
their IW.CfJiStors. 

Recorded history of the Rio Grande Valley begins 
with it. dmoovery by Coronado in 1540. Let.er, in the 
seventeenth and eighteenth centuries, Spanish coloni
atioo in the Middle and Elephant Butte-Fort Quitman 
8l!!letions wu accompanied by an expamion of irrigation. 
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Irrigation by white men in San Luis Valley wa.s begun 
in the early 1850's, but it was not until about 1880 
that extensive development occurred. Then, in the 
decade 1880-90, aecelera.ted activity resulted in most 
of the large ea.nd systems and other irrigation works 
that exist there toda_y. 

In the early 1890's water shortages began to occur 
along the Rio Grande in Mesilla and El Pa.so Valleys 
and people near Julrez, across the river from El Paso, 
complained to the Mexican Government. The latter 
filed a claim for damages against the United States, 
e.lleging that the water shortages were due to increasing 
divworui from the river in Colorado and New Mexico. 
The United States Department of State then instituted 
an investigation of the· situation through the Inter
national Boundary Commission, and the outcome was 
the "embargo" of 1896 a.nd the Mexican Treaty of 
1906. The "embargo" was an order by the Secretary 
of the Interior of the United States which prevented 
further irrigation development of any magnitude in the 
Rio Grande Basin in Colorado and New Mexico through 
suspension of all applications for rights-of-way across 
public lands in those States for use of Rio Grande water. 
With some modification in 1907, this embargo remained 
in effect until May 1925, when it was lifted. Under 
the terms of the MeIDcan Treaty, the United States 
guaranteed to Mexico, in return for relinquishment of 
all claims for dam.ages, an annual delivery in p~tuity 
in the Rio Grande at the head of the Mexican C&.na.l 
near El Paso, of 60,000 a.cm-feet of water. 

~oth to insure fulfillment of the Mexicll,Jl Treaty and 
t.o develop a reclamation project in the Elephant 
Butte-Fort Quitman section. the United States "JroV1ded 
::: _:;;;::,:;---~.::.or.: "';_."·,b.e'Elep.ha..n~·,:S-,.i'tta .Rrlser-;"oir · ".Jy 
the Bureau of Reclamation. This reservoir, with an 
origma.1 capacity of 2,639,000 a.ere-feet, together WJ.th 
other initial works for the Rio Grande Proiect, was 
oompleted in 1916. 

The embargo was opposed in Colorado, since even 
by 1896 th.e irrigated lands in San Luis V a.lley used all 
the ·available natural flow of Rio Grande a.nd its tnbu
ta.rie.s in th.at valley. Storage appeared necessary not 
only for f u..rther development but even to ma.in.ta.in 
existing developments. But siora.ge of any magnitude 
was impossible under the emba.rgo. The effort of 
Colorado to secure perm.isaion to build reservoirs thus 
began early, and has oontinued to date. 

A.bout 19l8t active interest developed in reclamation 
in the Middle Valley. Much land there had become 
he.dly seeped a.nd it was affirmed that over a period of 
many ye&m there had occurred a serious decline a.nd 
failure of the irrigated acreage. This wu attributed not 
only to a decrease in the flow of the river and to a short
age of water for irrigation but also to resultant deposi~ 
tion of silt, aggradation of the river bed, and elevation 

Rio Grande Joint lnvestigaJ.ion 

of the water table under the valley floor. It wai. 
affirmed that the dec.re.a.se in river flow was due to der 
tions in San Luis V Alley. 

The Rio Grande Com.pact 

With the interstate situation becoming increasingly 
aggravated, it was suggested that a commission be 
named to study the water supply and to draft a oomp,act 
between the Staws affected, under which an equitable 
allocation of the waters of the upper Rio Grande would 
be made. Accordingly the legisla.tUl'es of Colorado 
&n.d New Mexico enacted statutes in 1923 under which 
the respective Governors appointed commissioners. 
The President na.med a commissioner to represent the 
United States. Later, a commissioner for Texas was 
designated by the Governor of that State. 

Negotiations looking to a compact were started, but 
they proceeded slowly, pending the outcome of engineer
ing investigations instituted by Colorado a.nd by New 
Mexico. Finally, aft.er a.n extended seas.ion of the com
mission in January 1929, a compact was concluded 
which boos.me effective upon its ratification, later that 
year, by the legislatures of the three States a.nd by the 
Congress. This compact does not, however, set up an 
allocation of Rio Gnmde waters. It is, moreover, a 
temporary measure. Its principal articles provide, in 
eff'ectt that during the period of the compact neither 
Colorado nor New Mexico will ca.use or suffer the wate. 
supply in Rio Gn.nde to be impaired by new or 
increased diversions or storage unless and until such 
depletion is offset by in.crease of drainage return; that 
the three States will maintain certain ge.gi.n.g _-,tations 
md ~-=;~,,--~":;:. ::.a :=c:..a1.~~.:s,~-:iar~i:om~~~1..:.u -i'.~~t,.·:diore 
the expU'ation oi the compact a commission shall be 
constituted to conclude a permanent compact providing 
for the equitable apportionment of the water of Rio 
Grande among the States. It sets up the desirability 
of a drain to the river from the "closed basin" in 
Colorado imd of a. reservoir on Rio Grande at or near 
the Colora.do.New Mexico State line, as features in the 
economic development and conservation of the waters 
of the be.sin and as h.elpf ul factors in reaching a.n accord 
among the St.ates. In it the conviction is expressed 
that the United States should coJ1Struct the Closed 
Be.sin drain and the State Line reservoir without 
cost to the States by reason of its obligation under the 
Mexican Trea.ty, in fulfillment of which it has, in effect, 
made an annual. draft of 60,000 acre-feet on Colorado, 
New Mexico, and Tens. 

The original expiration date of this compact was 
June 1, 1935, and before that time the commission 
met to conclude, if possible, a permanent compact. 
Although me.ny proposals were made, no agreement 
wu reached; further basic data on the supply and use 
of water were needed. As a :result, the effective period 
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oi the temporary compact was extended to June 1, 1937. In 1919 Engineers Harold Conkling and E. B. Debler 
Recommendation for its furthe-r extension to October 1, reported to the Bureau oi Reclamation on an extensh-e 

937, was made by the Rio Grande Compact Com.mis. investigation made to detennine the water supply, 
sion sitting in Santa Fe March 4, 1937. irrigation development, and possibilities of future de-
Preriou Jnvestigatiens velopment in San Luis Valley, in the Middle Rio 

Grande Valley, and under the Rio Grande Project. 
Ref ere nee has been made to previous eDgineering In 1924 Dehler made an investigation s.nd report to 

investigations of the snpply and use of wat.er in the .1. we Bureau of Reclamation on the water supply·and 
Upper Rio Grande Bamn. With controversies over the requiremeuts of the Rio Grande Project. 
Ust'l of the water increasing with passing years, many 
investi~ations naturally linve been underte.ken Md a Under a cooperative agreement hetween the Middle 
mass of data o.nd information lias been accumulated. Rio Grande Conservancy District nnd the Bureau of 
Unfortunately, few of these investigations have been Reclamation, Engineers Debler and Elder carried on nn 
reported in printed form. In many instances, the in- extensive investigation in the Middle Valley from 1926 
vestigations were made to determine only the water to l 928. The primary purpose was to determine the 
situation for pa:rticula.r localities and the results were probable effect upon the water supply for the Rio 
reported in typewritten fonn to some local, State, or Grande project of the construction and operation of the 
Federal agency. In the bibliography accompanying proposed works of the ~fiddle Rio Grande Conservancy 
this :report as Appendix C there is a selected list of District. A preliminary report was made in December 
published and unpublished reports that have been made. 1927' and the final report in 1932. 
Some previous investigations of basin-wide significance The report of J. L. Burkholder, chief engineer of the 
a.re noted in the following paragraphs. Middle Rio Grande Conservanc_y Distric.t, covering the 

In 1896 the International Boundary Com.mission district's investigations and the final plan for :fiood 
ca.used an investigation to be made of the water supply control, drainage! and irrigation within its limits was 
and irrigation development in the Rio Grande Basin published in 1929. 
above Fort Quitman, Tex. The report of this investi- Beginning soon after provision was made in 1923 by 
gation, best Im.own as the Follett report, after W. W. Colorado and New Mexico for the appointment of their 
'ollett, who made it, covers comprehensively and in representatives on the Rio Grande Compact Commis-
otail the strea.m flow, irrigated areas, canal systems, sion and continuing over much of the period to da.te, 

ditches, and diversions for every section of the basin investigations have been carried on under the direction 
from Sa.n Luis Valley to El Pe.so. This is published in of the Colorado and New Mexico State Engineers. The 
United States Senate Document 229, Fifty-fifth Con. primary purpose has been the compilation of inform.a-

d ' .· '-~o- ,4-A.: ;0"'1: '"o.e...:r,-~ '.. ........ :, ,, .... ~ ~ ·: : llol .., .. p-ess .. ,econ resslGn. . . ·. . " . . . '.,. 'L: ::S:-, _..,, - -- ··-i'~ - · ..•• e .v.,..Jn:1ss,or;e::-3 .n ~D.tli.':l."~Or• 

In : 904. m :nvestigauon 0i che geo.iogy a.no water mg to work out a compact between tbe States. The 
resources of the San Luis Vn.l.ley was ma.de by C. E. investigations of New Mexico covered the Sa.n Luis 
Siebenthal of the Uni~ States Geological Survey; the section, as well as the .Middle section, and much of the 
results were published e.s Water Supply Paper No. 240. data and results is included in reports, unpublished, of 

In 1910 Ja.mes A. French, engineer for the Bureau of C. R. Hedke, 1924 and 1925; E. P. Osgood, 1928; 
Reclamation, undertook an investigation to establish R. G. Hosea., 1928; and H. W. Yeo, 1928 and 1931. 
the facts concerning the "past, present, and contem- In addition to the Stm Lu.is section, the investigations 
plated irrigation near the headwaters of the Rio Grande of Colorado included a. study of the use of water, 
in Colorado and to ·determine the effects of such drainage, s.nd WMt.es in the Elephant Butte-Fort Quit. 
developments on the normal flow of the Rio Grande man section. The data and results of the work of 
below the Colorado-New Mexico State line." In the Colorado a.re largely co'\"ered in unpublished reports to 
same year, H. W. Yeo

1 
also a.n engineer with the Burea.u the State Engineer by R. I. Meeker from 1924 to 1928, 

of Reclamation, was assigned to a detailed investi- and by R. J. Tipton from 1924 to 193.5. 
gation of the extent of irrigation in c'.he Rio Gra.nde In 1935 a co:mmittee of consulting engineers, 0. V. P. 
Valley of New Mexico. The reports of these investi- Stout, F. H. Fowler, and E. B. Dehler, made an in-
gations were submitted. w the Bureau of Reclamation. vestigation and report to the Federal Emergency 

In 1912 and 1913 Jay D. Sta.nna.rd of the Bureau of Ad.ministration of Public Works on the probable water 
Reclamation 1md D. G. Miller of the Drainage Investi- yield, cost, and feasibility of the "sump drain", a 
ga.tions, Department of .Agriculture, made an invest.iga- project to conduct to the Rio Grande the recoverable 
+ion Md reported on "Dra.inage a.nd Water De,.elop-. waters of the sump area in the Closed Basin of San 

nt in &m. Luis Valley, Colo." Luis Valley. 
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The Present hveseigation 

Orion and History 

During the last few yea.rs there has been much ac
tivity in the Upper Rio Gra..nde Basin in the promotion 
of water utilization projects for which Federal funds 
have been sought. In 1935, the irrigation and drainage 
works of the Middle_Rio Grande Conservancy District, 
including El V ado Reservoir on Rio Chama, a tribu
tary of Rio Grande, were completed a.nd put in 
operation. District bonds for this construction were 
purchased by the Reconstruction Finance Corporation. 
The Rio Grande Project is a Federal project and a 
conflict of Federal interests developed. Moreover, 
with the available water resources of the Upper Rio 
Grande Ba.sin apparently fully appropriated, the ap
·proval of a.ny new projects involving additional drafts 
upon these resources seemed to point inevitably to 
further conflict of Federal interests a.nd to violation of 
the Rio Grande compact. 

Appreciating this situation and spurred by the need 
for prompt action to avoid uncoordinated development 
of water utilization projects, the National Resources 
Committee appointed a board to review the situation 
and to recommend an appropriate procedure. Pursu
ant to recommendations of this Boe.rd and as an im
mediate result of them, the PreeidP-nt issued the follow
ing executive memorandum: 

TeE Wmni: Houl!ll!l, 
W!Mhington, September ts, 1935. 

To Federal. agenciu ~ermd with proje,,:;u or allolm~ for water 
we in ihe U'1'7>t:r Rio Grcmde Valletf abotie Bl Pruo: 

From information secured by the National :tes?urees '::vm
. ~:t.ae, ~'t ai:;~e:i.."3 ·,bat .n ·,iew '.Ji ;he _Jr3C";ic:i.Jy ~om.pi~ ;:reaelit 
Appropriation of reliable water e:upply in the basin of the Rio 
Grande above EJ Paao, Federal investment.a in this region which 
pmmote increMed lffle of water tend to impair the seeurlty of 
enellllive prior iIJverime1:1ta of Federal funds, to violate the 
terms of an interstate compact to which the Federal Govern
ment is a party, and to promote social insecurity iD the region. 

Please imtruct appropriate officials of your agency in Colorado 
and New Mexico, M wdJ as in Washingkm or in other 11uper
visory offiees, not to approve any application for a project in
volving the U8C of Rio Grande wateni without securlng from the 
National Reaoureea .Committee a prompt opinion 011 it from a.11 
relevant points of view. 

(Signed) F'MNKLlN D. Booezn:LT, 

Following out a further recommendation of the Board 
of Review, the National Resources Committee proposed 
a conf'erence with the Rio Grande compact commis
sioners and other representatives of Colorado, New 
Mexico, and Tens to see if there might be any way in 
which the N a.tio:ml Resources Committee and the 
three States could cooperate in gathering the facta that 
might be .helpful in arriving $t a solution of the inter
state water problem on the Rio Grande above Fort 
Quitman. This conference was held at &.nta Fe, 

Rio Gran<k Joint Irwutigation 

December 2-3, 1935, and :resulted in the adoption of 
the fo~o~ resolution by the Rio Grande Compa 
Com.mlS8lon: 

Wlierm,, The Rio Gra.nde Compa.ct Con:imiEion wu create(! 
for the purpoae, amo11g otheni, of making equitable dlvwon of 
the watel'B of the Rio Grande above Fort Quitman, Tes:., between 
the Staten of Colorado, New MeJ:ico, and Texas, and 

W1wrea.,, The National Reaources Committee hall es:pr~ed 
ft.a willingnel!III to cooperate, if practicable, with the Rio Grande 
Compact Comminion in the collection of relevant ban:ic data, 

N011J, tAeref 11re, be U re.iol11ed, That the NatioDal Resources 
Committee, through it.a Water Resources Committee, be re· 
quested, in consultation with the membere of the Rio Grande 
Compact Comnuaafon, to arrange Immediately for such fnve11ti
gatiOI1 (1) of the water rell(lurces of the Rio Grande BuiD above 
Fort Quitman, (2) of the put, present and prOSJJectlve Ulle8 and 
eonaumption of water in such Basin l.i:i the United States, and 
(3) of opportwiitJea for oot11ervwg and augmenting 11uch water 
resouroea by all feasible means, as will aaist the Rio G:r&Dde 
Compact Comm.isa!lion iD resehiD@ a aatfafactory baais for the 
equitable apportionment of the waters of the Rio Grande Basin 
in the United States above Fort Quitman, as contemplated by 
sucb Rio Grande compact. 

In making thi.a request the Rio Gnuide Compact Comm.ieafon, 
and its individual membera, declan it to be their desire to 
cooperate and aaist in such iDvestigation in all waya within 
their power, and ft further declares that, through it. l.i:idlvidual 
members, it will aeek to obtain the allotment of State funds, or 
Bel'Vicea, or both, for the pllTJ)Oles of the investigation in 11uch 
111moU1Jta u will equitably distribute the cost.a thereof between 
the Federal Government and the member States of Colorado, 
New Mexico, and Texas. 

It ia underatood that the cooperative investigation requc·steo. 
herein shall be limited to the collection, correlation, and pre
aeDiatioD of factual data, and 11bal1 not include recommendatfons, 
except upon request of the Rio Grande Compact Commilllion, 
based upon the unanimous agreement of ita members. 

:t 'a -'ur .. he!' ~:.nr:-er;itoori ·1::.at ·.:.::· :;:-;_ ·::-::-;:;-.~_;;::.::,_ ''c'.i.u ;e .•• 
·~:1armoi:Jy ;vnn ':ne .;pint .1na intent oi :ne ..:Uo Granae compact, 

&nd nothing herein contained shall be taken to be a modification 
or alteration of the terma thereof. 

Pursuant to this resolution, funds were allocated by 
the Federal Emergency Administration of Public Works 
to. the National Resources Committee for the purpose 
of the investigation, on condition that certain additional 
funds would be contributed by the three States and by 
certain other Federal agencies. At a second Santa Fe 
conference early in February 1936 the agreements for 
oontribution of funds were sueeesfully consummated and 
plans for the investigation were agreed upon. Field 
work was started in April and continued throughout 
1936. In. connection with completion of studies of 
storage and transmountain diversions, field work con
tinued through July 1937. 
hrp,ose ucl See,e 

The prime purpose of the Rio Gn.Dde joint investiga-
tion wu to, determine the basic facts needed in arriving 
at an accord among the States of Colorado, New 
Mexicot and Texas on an equitable al]ooation and use 
of Rio Gnnde waters in the future development of the 
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•1pper basin. In general, the essential facts sought are 
1ose relating to the available water supply, the water 

.£SeS and requirements, and the possibilities of additional 
water supplies by storage, imPortations and salvage of 
present losses and wastes. 

With respect to the supply of water, the investigation 
has included me~ments a.nd records of stream flow 
at all essential points on the Rio Grande and its tribu
taries, and on San Juan Basin streams as pertaining to 
possible transmountain diversions to the Rio Grande 
Basin. Many new gaging stations have been estab
lished. 

As relating both to water supply and use, the inves
tigation has included measurements of ground water 
levels and fluctuations in San Luis Valley and through
out the Middle Valley, an invent.ory of the number 
and discharge of wells in the artesian basin of San Luis 
Valley, and a program of sampling and analysis of sur
face and underground waters throughout the ha.sin to 
determine their chemical quality. 

The investigation to determine water uses and re
quirements has included measurements and records of 
canal dh-ersions in three principal e.reu--Se.n Luis 
Valley, Middle Rio Grande Conservancy District, and 
Rio Grande Project; measurements of drainage and 
waste in selected areas; complete mapping, clBSSifica-

lD and determination in detail of acreages, according 
, canal systems and geographic and political subdivi

sions, of the vegetative cover on all irrigated lands and 
other water-eonsuming areas throughout the bum; 
the preparation of base maps, both general and in 

- i~~ail~~~- .:::: '"3." !o-;-~r..!:.g ~ 1TI ~ .. ~<.:~'!~:;; ?~\~"Pt-=~ L:,-j_ 

ie1a.1 J.Dci .ilyd.rograpmc features for ~he tint.ire upper 
basin; measurements of the consumptive use of water 
by crops and native or nonbeneficial vegetation by 
means of experimental studies, including soil moisture 
detennins.tions, observation of ground water Buctua,.. 
tions, a.nd the growing of plants in metal tanks, and 
by complete measurements of all inflow and outflow of 
water on selected representative areas in the San Luis, 
Middle, and Elephant Butte-Fort Quitman sections; 
a study of the consumptive use of water based on past 
records; and a review of the history of irrigation devel
opment in the upper basin. 

As· to the possibility of additional _water supplies by 
salvage of present losses and wastes, determination of 
the data needed nwulted largely from the investiga
~ons outlined m preceding paragraphs. With :respect to · 
additional supplies by storage a.nd importation, the 
mvestigation has included the l!W'Vey, eumioation, 
analysis, and preliminary design of four major storage 
-"'Ojects &nd of four aeparate projects for diversion of 

: Juan Bum waters to the Rio Grande Basin. The 
_..,.n.ge projects include the Wagon Wheel Gap and 

Vega.Sylvestre on the upper Rio Grande, one or more 
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sites on the Conejos River, the principal Rio Grande 
tribute.ry in Colorado, and the State Line site on the 
Rio Grande near the Colore.do-N ew Mexico State line. 
The transmountain diversion projects include the 
Anima,s..Rio Grande, Wemfuucbe Pass, and San Juan
South Fork Rio Grande in Colorado, and the San Juan
Chama in Colorado and New Mexico. With reference 
to the diversion projects; the investigation has "'in
cluded a. study of their effect on San Juan Ba.sin devel
opment, a.nd a survey of initial, terminal, and other 
storage opportunities on the conduit lines. 

To o.ccomplish this investigation efficiently, expedi
tiously, and impartially within the period available, it 
was proposed by the consulting board of the National 
Resources Committee and approved by the State 
representatives that the work should be umgned to 
and divided among three major Federnl agencies by 
cooperative agreements between the National Re
sources Committee and those agencies. It was agreed 
further that the consulting board and an engineer in 
charge with headquarters at Santa Fe, N. Mex., should 
be responsible to the National Resources Committee 
for the general coordination and conduct of the work 
and for the final report of the investigation. 

In accordance with the cooperative agreements, the 
Geological Survey has carried out the measurements of 
stream flow, drainage, waste, and diversions, the studies 
of ground water, and the sampling and analyses in the 
quality of water investigation; the Bureau of Agricul
tural Engineering has carried on the mapping and 
classification of vegetative cover, the compilation and 
3e~f-"~~a::cn ,f m1p ;ac · lC!''.fa~~S, pci · nbe.r .\·:i..:-ar-~on- ~ 
awning areas, the study of consllµlptive use of water, 
and review of the history of ~tion development; 
and the Bureau of Reclamation has been responsible for 
the investigation and report on storage and trans
mountain diversion projects. 

Supplementary cooperative agreements were also 
effected for contributions of money or services, or both, 
between the National Resources Committee and the 
Bureau of Plant Industry, the Soil Conservation Service, 
the Resettlement Administration; and the Office of 
Indian A.ff airs, between the Geological Survey and the 
States of Colorado and New Mexico; a.nd between the 
Bureau of .Agricultural Engineering and these States. 
The cooperation of the Soil Conservation Service and 
the Resettlement Administration has been largely in 
the nature of mapping and the provision of maps md 
data which tied in closely with the work of the Bureau 
of Agricultural Engineering; that of the Office of Indian 
Affairs bas been associated with the investigations of 
both the Geological Survey and the Bureau of Agri
cultural Engineering; that of the Bureau of Plant In
dustry has comprised the assembly and compilation of 
all onalyticaJ data of the quality of water investigation, 

CO- 002963 

TX_MSJ_000043



12 

together with preparation of the summary and inter
o:retive digest of those data. Informal ooope:rotion has 
been extended by many other Federal, State, and local 
agencies throughout tho Upper Rio Grande Basin. 
The :reports of the data. obtained and studies ma.de by 
the Geological SUN~y. the Bureau of Agricultural En
gineering, the Burea.u of Pla.nt Industry, and the 
Bureau of Reclo.m.11,tion under the Rio Grande Joint 
Investigation are incorporated in parts II, III1 IV1 and 
V, respectively, of this report. 

Tbe Problem 

The essential water problem of the Upper Rio Grande 
Basin is the division of the. water supply between the 
San Luis section of Colorado, the 1\fiddle section of 
New Mexico, and the Elephant Butte-Fort Quitman 
section of New Merico and Texas, with due considera
tion to past and present uses and requirements and to 
future development. Elements .involved are also the 
salvage of reooverable wastes and, to the extent feas
ible, the importation of water from outside the Rio 
Grande Basin. 

As stated by Colorado, its major problem is the pro
vision of storage capacity sufficient to regulate stream 
fiow so that the supply of water may parallel and meet 
the irrigation demand of the San Luis Valley lands that 
are now irrigated and for which irrigation works were 
largely constructed prior to 1890. I~ contention has 
been that the required major N!S(!rvoir development to 
equalize the water supply will not result in any,sub
sta.ntial increased depletion of Rio Grande flow at the 
State line; that in conjunction with drainage deYelop
ment it rnav. :ndeed. 1)r.<Dl? 1b011t l.l;l :~c~a:oe :::: ·,::.::~ 
·fow. · - · · .- · · 

The major problem of the Middle and Elephant 
Butte-Fort Quitman sections is the maintenance of f.l.D 

adequate water supply for irrigation of the lands of the 
Middle Rio Grande Conservancy District in the Middle 
section and of the Rio Grande frojoot and Hudspeth 
County Conservation and Reclamation District in the 
Elephant Butte-Fort Quitman section. With respect 
to the latter section, there is the further problem of 
maintaining "Satisfactory control of salinity in the irri
gated areas. Texe.s a.nd New Mexico have vigorously 
resisted any major .reservoir development in Colorado, 
on the ground that it would deplete the stream fl.ow to 
im extent that would seriously jeopardize the water 
supply in New Mexico and Texas. Moreover; since 
the Middle Rio Gruide Conservancy District began 
operations, Tens has contended that the use of water in 
the Middle district constitutes a. menace to the water 
supply of the Rio Grande Project, which, it is asserted, 
will beeome more serious with complete development 
in the Middle district. In fact, on October 24, 1935, a 
suit was initiated in the United States Supreme Court 

Rio Gra'J'UU Joint lnvutigai.ion 

by the St.ate of Texas for the districts in the Rio GranJ
Projeet to enjoin the Middle Rio Grande Conservar 
District and the State of New Mexico from alleged a .. 
pletion of the water supply of the Rio Grande Project 
in violation of the Rio Grs.nde compact. 

The solution of these problems :requires a compre~ 
hensive and adequate basis of fundamental facts
facts which definitely establish tbe available and paten~ 
ti.al water supplies, the present uses of water, and the 
requirements for it. With these facts in hnnd, reliable 
estimates should be possible of future changes in the 
water supply due to such developments as storage iD . 
Colorado, the proposed transmountain diversions from 
the basin of the San Jua.n, and the ultimate irrigation 
in the Middle Rio Grande conservancy district. 

Th.is report preseD.ts a basis of facts which it is hoped 
may prove adequate for the solution of these problems, 
to the end that the water resources of the Upper Rio 
Grande Basin may be put to maximum beneficial Ust' 

and that all conflict of Federal, State, and loce.1 interests 
may be perma.nently dispelled. 

, Summary of Findings 

I. Water Supply 

A,erage annual precipitation in the Upper Rio 
Grande Basin ranges from. less than 7 inches to 40 inches 
or m.o:re. The highest precipitation occurs in the Sangr 
de Cristo and San Ju&.n ranges and the lowest in tht. 
central a.reas of the subva.lleys of Rio Grande. With 
only 7 to 10 inches in these valleys1 irrigation is essential 
for successful agriculture. 

\{ea..n m.nual ~ake-.:1,~~H'" ~,..."'P....,..'l':on .ra:n~'?:~ :ror:: 
'1.001i;:, ·: ~·eef it J.n ~itnuue Ji' J,.500 :eet on Rio Grande 
above San Luis Valley to about 6 feet at an altitude of 
4,200 feet at Elephant Butt.e Reservoir. 

Run-off in Rio Grande in the upper basin has been 
measured at five principal gaging stations for a. period 
of 40 to 45 yea.rs. These stations a.re Del Norte and 
Lobatos, respectively above and below San Luis Valley, 
Otowi Bridge and San Marciel, respectively above and 
below the Middle valley, and El Paso. The mean 
annual run-off at these stat.ions, together with the run• 
oif of maximum and minimum years in percent of the 
meon, is shown in table J. 
TABLE 1.-An1u.1.al l"r~off in Rio Grande at 5 principal gagi1'1.(1 

ltlJltiOt'II in the II ppe1" D&in 

Del None •.•••••••..•.•.•..•......•.••. 
Labeklll ••••..••••••••••.•• -. - .• - •• -·-· -

~~::::::::::::::: ::::: ::: ::: 
kl l'uo ·--······--··--··-----········ 
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.Means of monthly run-off at the Del Norte and 
Otowi Bridge stations show that 70 percent of the 
annual run-off occurs between .April and July, inclusive. 

The total mean 1WJ1ual water production from run-off, 
1890-1935, in the upper basin, is estimated at 3,060,000 
arre-feet on the basis of all available stream-Bow 
records. Of this total, 1,570,000 acre-feet originate 
in Colorado and i,:470,000 acre-feet in New Mexico. 
The production in the two States accounts for more 
than 99 percent of the total for the basin. Of the 
Colorado production, about 12 percent originates in 
the Closed Basin. 

Depletion in San Luu Valley.-As shown by table 1, 
the mean annual run-off, 1890-1935, of Rio Grande 
at Lobatos was 5501000 acre-feet. Over a long period 
of yea.rs ending about 1927, there occurred a more or 
less steady increase in the depletion of stream flow to 
the southwest area in San Luis Valley; since 1927, there 
appears to have been little change in the depletion. 
Practically the entire flow of Rio Grande leaving San 
Luis Valley comes from the southwest area. Taking 
the average depletion, 1927-35, as representing present 
conditions in San Luis Valley, it is estimated that the 
mean annual flow under these conditions of Rio Grande 
at Lobatos, 1890-1935, would have been 448,000 acre
feet, or 102,000 acre-feet less than the mean of the 
recorded flow. 

Mir:l.dk Valley depletion.-.Accu.rate determination of 
past stream-Bow depletion in the Middle Valley is not 
possible because of the lack of adequate records of 
tributary infiow and uncertainty with respect to it. 
~ approximat~?Il: _ha~ been deri~ed._ based on such 
,:,. • 1 ,s i:-: 1 : 1~ • .1.:1e · 2 · ;:_:.::-::. ·,0 :;,:..-::_3.;:.-:. i -~3..30::1acie 
011Sls for ana.iyses oi ihe enect upon the Elephant 
Butte.Fort Quitman section of present and given future 
conditions of irrigation development in the San Luis 
a.nd Middle sections. The mean annual stream~fiow 
depletion, 1890-1935, Oto'\\i Bridge to San Marcial, is 
estimated to have been 586,000 acre-feet. The corre
sponding mean annual tributary inflow derived 88 a 
residue.I in the method of estimating depletion is 359,000 
acre-feet. Corrected for present development in San 
Luis Volley, the derived values for mean 8JlDUal Middle 
Valley depletion a.nd San Marcial flow are 580,000 and 
11030 ,000 acre-feet, respectively. 

Returnflow.-Retum .flow to Rio Grande in San Lwa 
Valley has, in 3 years, 1934, 1935, and 1936, averaged 
17 percent of the total Rio Grande diversions, or 36 
percent of those diversions which contribute return 
flow to the river {excluding diversions to its closed 
basin). A return of 44 percent of diversions was indi
cated on the Conejos River by the data available for 
, 936. Return flow in the subdivisions of the Middle 

io Gra.nde Conservancy District in the Middie Va.l.ley 
d.lld the Rio Grande Project in the Elepha.nt Butte-Fort 
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Quitman section reaches the river above, and is available 
to, the next division downstrea.m, except for return 
from the lowest divisions, Socorro in the Conservancy 
District and the Tornillo unit in Rio Grande Project. 
Return flow in the Conservancy District, as indicated by 
the total measured discharge of interior drains in 1936, 
was 28 percent of the gross diversions. Data were not 
available on net diversions. On the Rio Grande Proj
ect, return Bow, represented by the total of measured 
drain flow averaged for the years 1930-36, was 50 
percent of the average of total net di-versions in the 
same period. 

Grou:nd 100.ter.-There has been little utilization of 
ground water as a basic source of supply for irrigation 
in the Upper Rio Grande Ba.sin. The extensive control 
oi ground water for the practice of subirriga.tion in 
certain San Luis Valley areas is, perhaps, an exception 
to this statement. The SOW'Ces of recharge both to the 
shallow and artesian ground water basins of San Luis 
Valley are stream flow (chiefly aa it crosses the alluvial 
fans bordering the valley), irrigation diversions, and 
precipitation on the valley floor. Depths to water in 
San Luis Valley, as shown by July 1936 measurements, 
were less than 5 feet over approximately 70 percent of 
the Closed Basin and over most of the Bowen..Carmel 
district and the general area east to the river. These 
ground water conditions, especially in the central and 
eastern portions of the Closed Basin, a.re favorable to 
the disposal of large quantities of ground water by 
evaporation and transpiration. A reconnaissance in 
1936 of irrigation plants pumping from the shallow 
~und-water basin in San !.,uis V!i]Jey S9owed !ifi, 3.nd 
:roin llSC.:13..~'i!S ··:-epuhOO:'''Jy ,w'.titirs ,)r opera'tors, the 
total output of all the plants operating continuously 
was estimated at 660 a.ere-feet per day. The number 
and total annual disclia.rge of artesian wells in San Luis 
Valley were estimated from a 1936 inventory at 6,074 
and 119,000 acre-feet, respectively. There is also an 
annual disch8.I'g8 from artesian springs of about 47,000 
acre-feet. 

The sou.roes of ground water in the MiddJe Valley a.re 
underffow from the mesas on either side and seepage 
from the river, ca.na.ls, and irrigated lands. In most 
areas, seepage from irrigated lands is the principal 
SOW'C6, and the water in interior drains is largely 
derived therefrom. On the other hand, the river is, 
without doubt, the source of most of the water in the 
riverside d.J:ajns. Meager data indicate a tot.al annual 
underflow from the mesa.a of betwoon. 50,000 and 100,000 
acre-feet. Depths to ground water in the Middle Rio 
Grande Conservancy District in 1936, compared to 
those in l 927 before dr&im.ge constroction, show an 
average lowering of the water table over the entire dis
trict of 3 feet. October 1936 m~ents showed 
depths to water of less than 3 feet in 4 percent of the 
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total valley area; depths of between 3 and 4 feet in 11 
percent of the area; between 4 and 6 feet in 46 p€rcent; 
between 6 and 8 feet .in 28 percent; and more than 8 feet 
in 11 percent. . 

Average depths to ground water in Mesilla Valley of 
the Elephant Butte-Fort Quitman section, as shown by 
observations in January of each year, have been be
tween 9 a.nd 10 feet throughout the period 1925 to date. 

Quality of wcuer . .':....Jnvestigation of the quality of 
water in the upper basin shows, in general, a progressive 
increase in salt concentrations in the downstream direc
tion in streams, drains, and subsoil. On Rio Grande the 
data indicate a range in average concentration from 
0.1 ton per acre-foot at Del Norte to 2.75 tons per acre
foot at Fort Quitman. The latter is equivalent to 
about 2,000 parts per million. In terms of electrical 
conductance (KX 10 6 at 25° C.) the indicated avenge 
is 296. The average total quantity of salts carried 
annually ra.nges from 50,000 tons at Del Norte to 
650,000 tons at Leasburg, at the head of Mesilla Valley 
on the Rio Grande Project. Below Leasburg the ton
nage carried dec:reeses to about 470,000 at Fort Quit
man, indicating the a.nnuo.l loss of about 180,000 tons 
between those two stations.· Changes in the down
stream direction in composition of the constituent parts 
of the dissolved solids are to higher percentages of 
i.odium and chloride and lower pereentages of the other 
four major constituente--ea.ldwn, magnesium, bicar
bonate, e..nd sulphate. ID terms of conductance the 
average salinity of irrigation water at El Pa.so and at 
Tornillo Bending, the lowest of the Rio Grande Project, 
is 127 and 212, respectively. Rough averages of the 
conductances 0f drain -vnter. '.l.s :ndicar e'1 ·~.,,. ·1

-" '.':I'?~ 
iaza. ll"e 160'.JJ. · .. .ne Jpptlr 31 .?a.so 7a1ley· ~~ .:iOO o~ 
more in the lower, Tornillo mrit. Control of salt in the 
soil solution of the root zone of p]ants and limitation to 
a non.injurious concentration by an increase in the 
amount of irrigation water applied is indicated for the 
lower unit of the Rio Grande Project. 

Water Uses and Req1drements 

The use of water for irrigation constitutes practicnlly 
the entire use in the upper bas.in. Use by cities, towns, 
and villages is relatively minor and that for water power 
negligible. 

The complete survey in 1936 of i.rrig&ted o.nd other 
water--conswn.ing &re&s in the basin covered 2,093,000 
a.creg. A segregation of the ma.p~d areas, by water
use classifications and basin sections, is shown in 
table 2. 

Rio Granat Joint ]nrJestig~ion 

Based on the 1936 acreage data, on a renew o! studie" 
of consumptive use a.nd stream-flow depletion by pr 
viou.s investigators and on the results of research au, 
field work in 1936, estimates have boon prepared of 
the present consumptive requirements in the various 
subbasin.s of the upper bMin. These estimates, sum
marized in table 3, take into account precipitation on 
the consumptive areas and indicate a total consumption 
in the be.sin1 exclusive of tributary areas in the Middle 
a.nd Elephant Butte-Fort Quitmaft sections, o{ 3 18601000 
acre-feet. By including: the tributary areas and. 
reducing the estimates to gh-e st:rea.m-flow depletion 
{by correcting for precipit&tJ.on) a comparison of the 
:results with the water production in the upper basin 
affords estimates of water surpluses or deficiencies as 
shown by table 4. For a year of normal water pro
duction there is an indicated basin surplus of 177,000 
acre-feet. The average annual flow of Rio Grande at 
Fort Quitman for the 13-year period of record is 
211,000 acre-feet. Similar comparisons show a basin 
surplus of more than a million and a half acre-! eet in 
the maximum year and a deficiency slightly greater 
t.han this amount in the minimum year. 

TA.BU 2.-lrrigakd and olhu water comuming aria.a in th6 
Upper Rio Grant.ii! Bann, 19!16 

llJaJC l,000 &Cl'll!il 

BnlD llDlt 
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Solltbftlau,11111_ ••• _._. -········ .u a 1 1117 a 
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IIDey dlsirict to Bu Mw:ial. 
'hlbuw,o aNIII&.-------·-· ••••• 

T*l .••.•.•.••.•...•...••.•. 
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TABLE 3.-E.,timat,, of comumptive u,au,- requirel'l'lffit11 in Upper 
Rio Grande &uin 1 

Main Ital or 
M.Ju nemor Bio 01a11d• 

Item Baa Lula lUo Onnd• lnE~t 
•ctloD Ill Middle Bun.Fort 

-i- Qut&man . llet.lOII 

llJlplA!d lands: 
800 A.rel ID 1,000 acn Ul)lil!----·-··-.. ••· l!NI 11111 

CIIDSwnl)tlon In 1,000 a,iiq.feet uults. _ 1,043 172 4118 
Aino-teet per acre ••••.••••••...••••••. 1.1 2.6 2.8 

N•live vept&tlon: 
Ami ill 1,000acn units •......•......• m 107 l!NI 
ComumptlOD io 1,000 acre-feet uni ta •• 1,056 387 267 
Aer•r.t per 8C1'11 •••••••••••••••••••• , 

Mlseel.laneous:' 
1-. il.8 4.0 

An!i&ln l,OOOIM!l'll ll!llts .. -------······ 109 i5 • &l 
Ccmlw:aptlon ill 1,000 acn,.feet onJts. _ 185 147 IIIO 
Acre-feet pei-acre •••••.••••••••••••••• 1.2 a.3 il.7 

Tot.ls: 
SM Ano !n l,OOOatn, UDits •••.••• -----·-- I, 446 218 

Consumption Jn 1,0001cn-feet llllits •• 2,234 70\I ffl 
Acre-lee! per acn ..................... 1.& .1.2 ,I. 2 

TAl!LE 4.-WQkr 11upply and atream.j(ow depletion in Upper Rio 
Grande &ui_n for a l"Wl'fflm year and F"'fflt we of waUT 

Item San Luis Middle 
IIIIICtJOD .sectioo 

Impted and water-ilOllSWDIDc acre-
! 1,047,000 ap, 11138 .•••••••••••••••••• ________ 3117,000 

fflriam-t1011r =tlOD Ill IICfe-feel •••• t I,047,000 768,000 
Waler p,rodu on-iota! llltW'lll run-

, 1.m,000 o1!' In ncn-l'Nt .••.••••••••••••••..•. 1,333,000 
Surplwi or ddc:ieDC'J' ••......••.....•• 132.000 -,ooo 

Elephant 
Butte.-Fort 
Quitman 
-Jon 

3M, 000 •ooo 
1&,000 

-mooo 

uiJ:2' 
Ofl!lde 
Bu!D 

I, 780. 
2, 700, 

2,877, 
177, 

000 
000 

000 
000 

Diversion requirements .-Based on all available rele
vant data and on studies of consumptive use, stream-

• A •• fo,· ·:.:::_.,,~~en. ~·•:..::::.::?,;;;• :.-,1.St.is. salin.11.7. :i.nd::;resen~ 
irrigated anci other water-consuming acreages, esti
mates of the diversion requirements, or demands upon 
the stream flow of the major units of the upper bum 
have been developed a.s shown in table 5. These are 
the demands for full development as represented by the 
irrigated areas shown. The estimates of stream-flow 
depletion in each unit, from which the demands were 
derhed, a.re indicated. The demand !or the Rio 
Grande Project and for fulfillment of the Mexican treaty 
obligation includes a 60-percent increase in the diversion 
requirement for the Tomillo ~t of Rio Grande Project. 
This is an estimated allowa.nee for salinity control. It 
is experimental and may be modified as experience 
dictates. · 

The total annual stream-flow depletion by cities, 
to'\\e'll.S, e.nd vil1aps in the upper basin, excluding EI 
Paso, is estimated to be 21,000 acre-feet. The annual 

15 

draft on deep wells supplying the municipal and indus
trial requirements of El Paso is about 14,000 acre-feet. 

Storase. lmponaUon. and SaJnre of Water. 

The present storage capacity of reservoirs in the upper 
basin is 2,872,000 acre-feet. Of this, 3091000 a.ere-feet 
is in Colorado and 2,563,000 acre-feet in New Mexico. 
Of the Colorado storage, 131,000 acre-feet capacity is 
in the upper Rio Grande drainage above San Luis Val
ley. Some 2,274,000 acre-feet or 89 percent of the New 
Mexico storage capacity is accounted for by Elephant 
Butte Reservoir. 

TABLE 5.-Eatimaud diversion demand, upon atream ff.ow, major 
unit. of Upper Rio Grande &mn 

Demud 
upon 

Blllin unit llfflllllD:I 8ouron and required 
llow I001tlon or supply -feet 

Rio Clfl!lde 111'1111 or Sin e.,o, 000 Rlo OR.Dde at Del Norte 
Lu.Iii V&lley. ecis::;;. RJ\ter at M01ote c= ..._ o, San Luis 230,000 
V '1, rf.: •nd SIIJJ Antoulo 

Middle Valley, Otoll'i 
,,_ at mouth. 

Br11ffl: io B11D Marcial: 

-- 000 
RloOrande at Otowi M d4le B.lo Grande 

eo--iey DI&- Bndse a.11d dlvertlble 
iriet. trlbowy Inflow be--

low.• 
Conllin'8.D~ dlatrlct II0,000 lUo Orude at Sen An· 

to l!ai, arcial ,I t.onlo IQ!d tribalaly in• 

JUo Gfflldt project BDd 
low b4!Jow. 

1153, 000 Rio Onlllde at 811n Mar-
Mllllleao-.• ellll. 

773,000 Elephant Batte R-· \tOlr, 

lrrlpted 

1~ 
develop-

mUJt, 
l:DW• 

mumln 
21.llJOnt ,. .. 
300,000 

80,000 

·100.000· 

LOOO 

............... ____ 

'H.S.000 

Eatl· 
mated 
sm.am-
ftow de-
pk,tlon 

~ 
delll8od 
la based, 
IICl'e-leet 

4~ 

l&ll, 

3.50, 

'180, 

•«1. 

000 

000 

000 

Storage projects that have been proposed for the basin 
and data resulting from their investigations in 1936-37 
are listed in table 6. Although primarily for irrigation, 
incidental benefit in the eontrol of floods is indicated for 
the larger reservoirs. 

Possible sources of additional water supplies for the 
upper basin are importations from the San Juan 
drainage of the Colorado River Basin and salvage of 
present wastes and losses. Data developed by the Rio 
Grande Joint Investigation with respect to possible 
transmountain diversions from the upper San Juan 
Basin a.re su.mma.rized in table 7. Emting develop
men ts in the &n Juan Basin u far down u Shiprock 

CO- 002967 

TX_MSJ_000047



16 

would not be impaired by any of these diversions. In 
the event of more extem.ive future development of 
San Juan areas than now anticipated, some compen
sating storage on San Juan River or a tributary may 
be required. · 

Of the upper basin water consumption shown by 
table 3, 44 percent is A.ecounted for by the irrigated 
s.reas and 44 percent by the areas of native vegetation. 
In other words, there is a nonbeneficial consumption 
of water by native vegetation equal in amount to the 
consumption by the irrigated lands. Reduced to terms 
of stream-flow depletion, native vegetation takes an 
average annual toll from the basin of more than 
1,000,000 acre-feet of water. The data are not devel
oped to determine what portion of this amount might 
be ooonomicall.y recovered, principally by proper drain
age construction, but it is undoubtedly a fraction which 
would signify a substantial saving of water. Thereis 
still a great amount of undrained land in the basin. 
The estimated mean annual yield of the sump drain, a 

Project 

Rio Gran<k Joim Jnve,stigation 

trunk drain proposed to collect the waters in the sump 
area of the Closed Basin, San Luis Valley, and dis
charge them to Rio Grande, is about 40,000 acre-feet. 
Chemical analyses of tributary stream flow, drainage, 
and ground water of the sump area indicate that the 
salt concentration of the sump..(irain water rmght be 
as much as 1.5 tons per acre-foot initially, with a pos,,. · 
sible reduction, in time, to 1 ton or Jess, per acre-foot. 

,baJlabilUy and Use of Water 11111der Given Conditions 

Using the data developed by this investigation with 
respect to water supply, its uses a.nd requirements, and 
opportunities for its storage, importation, and salvage, 
analyses were made to determine the effect upon, and 
conditions of water supply and use in, the San Luis, 
Middle, and Elephant Butte-Fort. Quitman sections, 
under 11 different given combinations or conditions of 
storage development and draft. The salient features 
of the various conditions are outlined in table 81 which 
gives a summary of the analyses by showing for each 

E~ 
Type or dam maan lllJ· 1----,----

nualnui-off 
to_.OU' Toi.al 

Aert-fcn Aere-ftd 

.. ~¥;~i~~~:;,~i:t=:::::J;;::;;:;~~'.'.~'.;i:t§:::t;::t;;;;;;;:;_ ll i:::~~:i:~,~-, ... :.~!i 
1 !irelus!H or raJJroad re!ocatio11 and power installation. 
t Data &re umtative. 

TABLE 7.-Trammountain dil-eraion pro}ecta, Upper San Juan Bann to Upper Rio Grand~ Baain 

Loo&! dralnap :a..rvofrs 

Project State 

From- To- Bt:'e1Jl1or111me Capacl"7 

kn-/td 
Saa ,~-01:mna •• _ Colorado• Ngw Eut llDd Wllllt forb: Cb11m11.. •••••.•••• WIIII& lark, ho 1111111 •• 70. 000 

Mulco. &n 1-. Turil:q, BQt fade, San Juan... •• 35,000 
B1-,Na~o. Bucio... ••••.•••••••••• 16.000 

Na?&Jo •••••••••.••••• 60,000 

.Anlnw-Rlo Or.de .. Cokndo .••.•...••• ~. Boutb forll: Headwaters Rio Bo,urdav me OIi 154,000 
Mimnl, Klnerel, 011111de. Amlll,q. 
Oe!ufflt. 

..... do •••••••••••• WdWllldie Pua .•• ••••• do ..•••••••.•••• Pine. ••••••••••••••••• -'"'-a.•-~ .... --., -- ~ - m ,A., m .,.,., __ 
... .... __ .......... 

Sq 1111:D • South • ·- •• do •• --··--· ••• - Wat forll: San Jlllll, Boutb forll: RJo • ~ ........... ~9~ ,,,,. .. ,,, ................... 

falk lUc Oftllde. hYer,Wolf. Grande. 

Condu.lt aystem, 
ltmgtll fn Dlilas 

E1U· 
mated 
lrllllllll 

&!llJWli 
TIUmel Open Total Ji.Id 

----
13.8 78.3 DJ, I 

Am-{UI 
3.31), 00) 

15. 5 ll. 1 29.6 • 1:!11,000 

7.5 7.f r ll0,400 
10.0 2.5 13. 5 I 53,000 

Estimated coat 

Total 

I~ 

l0.'32,000 

aooo 
6.:III0.000 

P11r -root or 
dJver-
8lon 

857 

80 

1.3 
00 l 
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condition: (I) the mean annual l'UD-o:ff of Rio Grande 
at Lobe.toe and San Marcial, (2) the mmimum and 

ean .August run-off at Lobatos, and (3) the muimum 
.wrtages in San Luis, Middle, and Elephant Butte

Fort Quitman sections, for two periods, 1892-1904 and 
1911-35. . 

Consideration of the data of mean annual run-off of 
the Rio Grande near- Lobatos under the various condi
tions indicates that the effect of increased storage 
development in the San Luis Valley is to decrease the 
annual run-off in high water yea.rs by storuge and to 
increaBe it during low years by release of water held 
over from the more abundant years. Except for Con
ditions Nos. 5 and 10, the latter representing greatest 
possible development in San Luis Valley, the mean 
annuru. flow at Lobatos under the various conditions 
indicated remains practically unchanged from that of 
the present (Condition No. 2). 

Study of the monthly flow at Lobatos under the 
various conditions indicates an improvement in nearly 
every case over present conditionsJ in the regimen of 
fl.ow from month to month, particularly in the summer 
and fa.II months of low.water yea.rs. In these months 
the flow is built up by the improved and redistributed 
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return flow resulting from diversions which storage 
regulation has permitted to be ma.de more in keeping 
with the irrigation demand. . 

Severe shortages are indicated in all three sections of 
the upper basin in the early critical period 1899-1904 
under every condition for which an. analysis covering 
this period was made, with the exception that in the 
Middle Valley, under Condition No. 11, there Wali.Ilo 
shortage. Under Conditions Nos. 4 and 5 whirh include 
Wagon Wheel Gap Reservoir with return flow to the 
Rio Grande in San Luis Valley taken nt 16 and 8 per
cent, respectively, of the total Rio Grande diversions in 
the valley, shortages in the Middle Valley are substan
tially reduced from those indicated for present condi
tions, except under Condition No. 5 in the early period 
for which the shortage remains the same. 

In Elephant Butte.Fort Quitman section under Con. 
ditions Nos. 4 and 5 the shortages in the early period 
a.re increased over those under present conditions. No 
shortages, however, occur in the 1911-35 period and the 
minimum content of Elephant Butte Reservoir in this 
period unde.r Condition No. 5 would have been 364,000 
acre-feet. 

From a study of the amounts and occurrences of the 

T.utE 8.-Mean annual run-of! of Rio Grande at Lobato, and Ban Marcia.I, minimum and mean A ugual run-of! at Lobato,, and ~mum 
ahorlaqu in San Luia, Middle, and Ekpham Biale-Fort Quuman .sutiom, 189£-1904 and 1911-35, under variom given ccnditiona 
of atDT(UJe and irrigation dra/1 

{Ulll.t 1,000 acn!-feetJ 

ColldltlOII number I 

Item 
2 8 10 u 

---------------------11----------------------
M"IIIID iUmU&I nm..iff at LobalAJI: 

1802-1004. -··--------- ... ·········--····· .• --- ··•·•• ..••••......•• --- .•• -- .•• • . . . . • •.. 308 --······ 3:iO '.?75 .,11-. .s .... ~ ·-· ... ·---······· ·. ....... ....... i8S • ,73 
·~ dJW:J I.WllUJ ::iJt.,r;! it a».ll .>fa.rc:tal: •. , 

.3113-)904 .•••••..• ---- --•• - ····----------·-··· --.••• ·-. -.•.. --··· -- -.. ·- ••••. ·-·····. . i!ll 

• 4IIIO ' JJ.l ' <33 
1 ...... :. ,00 732 

·----T. ·. tM ~ :••••• • ···--- .. =- ,..C'j' : 

l~ll-35 .•••. ____________ ••••.• ·············- .•••..••......•....•.. --- ...•.••.. --······ I, 082 
Mlnlmum AUIU$t rwl-Ofl' at Lobatos: 

--······ 1,0& 1,008 ··-····· l,OSl ····-··· ---····- 946 

.G •••••••• . 3 ······-- •••••••• ·······- ·····--· ----···· IIJ02.._ •••..•••••••••••• --••• -···- ••••• ··- ••••.• --···----·· ....••••.••••• -----· .••• -· .• 
11134.. •••••• ---······· •• ----·· ••••••• ··-·· ••••• -------. •••••••·•••••·• ••••• ···- 1. 7 1. 2 l.! 

l. l 
15.3 6.6 ······-· :U.5 ··-·---- ··•••··· 2.7 

Mam Atlllllt lUlHJ1f at Lobaim: 
18'D-lse4 ••• -•.•• -----····················-·············-·····-·-------------- -----··· 4.0 ---·-··· 14.0 8.0 ..•.••..•....... ·····--· ····-·-- •••••••• 
llU-36 •..•••••••••••.••••..•••••••.. -••••••••••• ---·····--·-··············--- l&.2 iii. 5 24. l 25.4 16.6 ·····--- 34.9 --····-· ····-··· 33.0 

lilu:imum ahortqe: 
Bin Lw, 111eetfo11: 

1111112-UIOl. •••• _______ • ____ •• _. -· ·····-············--··----·· ••··•• •· · ••••• • · • •• •• · ••· --··· •• --···· ~ 

115 

13. 6 
22; 2 

1111...i., ••••••• ·-···-·······························---------·············· 4:U .•.•••.• 3a7 0 3e ... - .•. • IU 151 .••..•.•.••••••• 
Mlddle 11eetio11: 

lll82-1904_ ••••••••••..••••••••••••••••••••••. ---······················---- •••••••• 191 
1111-M. ••••..••••.•••••.•••••••••••••••••••••••.•••••..••••• -............ .••••••• 237 

Blephant Butte-Fort Qllitmu acuon: 
!m-lllOL •••••••••..•••••••••••••••••••••••.•.•. ---·---·- ---- ... ······--· •••... •. 383 

182 
161 

11111-&!L_ ••••••••••••••••••••••••••••••••••• -............................ •••••••• 0 •••••••••••••••• 

80 ····--·- ··--···- ll9 
0 
0 

538 
0 

.. ~~~-~-~~:.~~~-~~: ••••••••••••••••••••••••••••••••• •••••••• D •••••••• 0 

~ :::::::: :::::::: ::::::: •. ::::::: ····o··· 

~ ::::.::: :::::::: .::::: ..... :: ... ·--•.. 0 
2)6 m~.................................................................... ........ 100 •••••••• aaa 

I Condit.Iona: 

A.. 

No. l. No~~ bl S.; A.. for R. 
No. 2. 1-t CIIDdl.tJons 111 8:,j .a. br M. and E. 
No. a. V. &; .A.. for B.; B.. B, .l'·. • 16 perc,mt. 
No.'- W.; A. - :e.. md M,; :a. R. l!'.•!CI ~t. 
No. A. W.; A, far &..1. M.:t ad E.; R. B. F. •8 l)el'tlellt. 
No. II. Con.; .A. n 1,;.; ""· .Ii. J'.-1118 Pfflllll!t. 

No. 7. W. md Con.; A. for R., C., ud M.; R.R. F.•18; C.R. F.•33, 
No. 8. W. ud V. 8.; Mas. for R.; tot&l ntum aame u &Iva by 110. 4. 
No. 11. Cou.; Mu. for C.; tolal mum - u ldvim b:, 110. a. 
No. 10. W., V. S., and Ca.; Ma. fill' R. and C.; A, for M. and E.; &o&al retUl'll 

Ill s. ll1lllll! u IP'l'llll by nos. 4 and G. 
No. 11. w., 8. L., ud s. D.; A. tor R., M., and E.; R.R. F.-8. 

Klfi.~UadillLutef~ 
R. ....A.na llllffed lnlm Rio Grande 111 Bin Lula VallQ. 
R.R. F.•B.mm:I 4o9 &o R.lo Onmde In 88.ll LuJa Valley Ill )lerOtllt ot total Rlo 

Onmd111 diVma!OIIS ill tbe valley. 
8. -Bu Lwa -=tloll •. 
8. D. •Sump d.b.111. 
8. L. ...9-eLJne~. 
V. S. •V11111:a-8Jlvt11n1 Reservoir. 
W. •WIIOU Wbeel Gap~. 
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shortages in the three sections of the basin under the 
various conditions, it is indicated t.ha.t the tn.nsmoun
tain diversions would be beneficis.l principally in reliev
ing the shortages of critical periods and yea.rs, such u 
1899-1904 11.Dd 1934, &IS.hough by the nme token that 
there were sevm-e shortages in these years in the Rio 
Grande Ba.sin, the San Jwm supply and hence the diver
sions would probably liave been correspondingly short. 

Rio Graruu Joint Investigation 

There would be opportunity for use of the imported 
water for development of new lands during tbe period 
of a generation or more when no shortages are indicated 
under a.ny of the conditions except Nos. I a.nd 9, but 
the new lands would of necessity suffer severe shortages 
in the years when the tra.nsmountain diversions would 
be needed to e.lleviate shortages in the present developed_ 
areas. 
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PART I 
SECTION 2.-WATER SUPPLY 

Description of Bum 
The Upper Rio Grande Basin occupies a. portion of 

southern Colorado, a strip through central New Mexico 
from north to south, and a small port.ion of west.em 
Texas e.Dd northern Mexico. The total length of Rio 
Grande above Fort Quitman, Tex., the lower extremity 
of the upper basin, is about 650 miles and the tributary 
drainage areat excluding the closed basin in Sa.n Luis 
Valley, Colo., is 31,000 square miles. For the pmposes 
of th.is study and more or less in conformity with natural 
divisions, the bwn is segregated into three areas desig
nated as the San Luis section in Colorado, the Middle 
section in New Mexico, and the Elephant Butte-Fort 
Qui~an section in New Mexico, Texas, and Mexico. 
These are indicated on the map, plate l. 

Tile Su Luis Secilon 

The San Luis Valley is a plain approximately 90 
miles from north to south and 50 miles from east to 
west. The altitude of the va.lley floor ranges from 7,440 
- ""t on the south, where Rio Grande passes between 

, San Luis Hills to about 8,000 feet around ita rim. 
.• :ne 81ll"l'Ounding mountains at.ta.bi altitudes generally 
above 10,000 feet, while Mount Blanca. on the east rises 
to 14,390 feet.. The valley is bounded on the west by 
the Conejos Mountains and La Garita Hills, on the 

•. ::o.r+...h ·-::,7 ~e 3a.g,1J.C.:J.e uid 3&ngr3 ia :-:::.c0.)..fc,mtains. 
c)D r.he ea.st oy the Sa.ngre de Cristo Mountains, and on 
the south by the San Luis Hills. The Continental 
Divide is to the west, consisting of the San Juan 
Mountains and the Coohetopa Hills. The water. 
produciDg area comprises the m<>untainous regions 
above the 8,000-!oot contour defining the rim of the 
valley. Rio Grande rises in the San Juan Mountains 
near the Continental Divide a.nd, flowing in a south
easterly direction between the Conejos Mountains and 
La Garita Rills, enters the valley proper on the west at 
Del Norte. It continues southeasterly through Monte 
Vista to Alamosa, at which point it takes a southerly 
course for nearly 40 miles a.nd, puaing through a 
break in the Sa.n Luis Hills, enters New Mexico. 

With respect to water supply, San Luis Valley may 
be conveniently divided into three sections: The 
closed basin, the 10ut.bwest area, and the southeast 
area. A low divide has ~ formed 8.Cl'08B the valley 
by the alluvial f a.n of Rio Grande on the west a.nd the 

,via] mate.ri.el from the Sangre de Cristo Mountains 
£he eut. Tb.is divide, almost imperceptible to the 

eye, extends southeasterly from the vicinity of Del 
Norte to a point a few miles north of Alamosa IIJl,d 
thence easterly to the ea.stern rim of the Valley. To 
the north of th.is divide there is a valley area of 2,940 
square miles which is not tributary to Rio Grande. 
This is termed the Closed Basin. The lowest portion 
or "sump" of this ha.sin is located close to the foot of 
the Sangre de Cristo Mountains on the east side of the 
valley, and is plainJy defined by a cha.in of lakes of 
which San Luis Lake is the largest, and by a succession 
of alkali flats extending from We.shlngton Springs near 
the Denver & Rio Gnmde Western R.R. on the south 
to a point on the north some 5 miles northeast of 
Gibson. The streams entering the valley in the closed 
basin a.re La Ga.rita a.nd Carnero from the west, 
Saguache from the northwest, Kerber a.nd San Luis 
from the north, and Cotton, Wild Cherry, Rito A.Ito, 
North and South Crestone, Willow, Spanish, Cotton
wood, Deadma.n, Sandt Meda.no, and Zapato from the 
east. Pra.ctically s.ll water produced by these stres.uns 
that is not consumed in irrigation flows to the sump 
and is lost by evaporation. In addition, all water 
diverted from Rio Grande for a la.rge acreage in the 
closed basin, and not consumed in irrigation there, is 
lost in the sump area. 

The southwest area of San Luis Valley lies south of 
'.ile -:!~sec! )asm. , ~ ~S7- )l ,;._i,,:o , :r:lilQe U::i· ,10;•:.,;,. . jf;.-,.ue . 

New Mexico State line. Conejos River, the principal 
tributary of Rio Grande in Colorado, rises in the moun
tains to the southwest, enters the valley at its south
west corner a.nd flows northeasterly to join Rio Grande 

J'ro11U J.-Oual Beedhll' Ill Bu Lim Vllllq. llesdpt,e ii!~ eaae.t 
~beyo.Dd, 
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north of La Sauses. Los Pi.nos and San Antonio 
Rivers a.re tributary to the Conejos from the south
west. Los Pi.nos River joins the San Antonio near 
Ortiz and the latter joins the Conejos in the valley near 
M&na.ssa. Tributaries from the west between the 
Conejos and Rio Ghmde 11.re La Jara, Alamosa, and 
Rock Creeks. 

The southeast 8,lea extends east from Rio Grande 
to the lower slope of the Culebra. Range of the Sa.ngre 
de Cristo Mow:i.ta.ins and 1 as here considered, from the 
New Mexico State line north to the sou th slope of 
Mount Blanca and to the closed basin. The streams 
entering th.is area ftow from the ea.st and o.re, from north 
to eoutbt Trinchem Creek, Culebra. Creek, and Costilla 
River. Sangre de Cristo and Ute Creeks ll.l'e tributaries 
of the Trinchera.. Costilla River rises in New Mexico, 
flows north and west for about IO miles iD Colorado and 
then turns south and joins the Rio Grande in New 
Mexico. These streams contribute very little to the 
Rio Grande as their waters are largely regulated and 
absorbed by irrigation before they reach the river. 

The Mlclclle Becifon 

The Middle section is taken to include the Rio Grande 
and tributary valleys from the Colorado-New Mexico 

Rio Grande J oim I nveatigation 

State line to Sa.n Marcial at the hes.d oi Elephant 
Butte Reservoir, a river distance of about 270 mi' 
The upper half of this stretch of Rio Grande is fla.n1. 
on the east by the southern extension of the Sangre 
de Cristo Mounto.ins, whlch maintain their high alti
tudes as Ca.r south as the Glorietta Divide east of Santa 
Fe. On the west, the Conejos Range mends south
ward between the river and its: principal New M@ii.co 
tributuy, Rio Chama, suceeeded south of the latter 
by the Jemez Mountains. It is from this portion of the . 
drainage area that Rio Grande receives most of the 
pa.rt of its water supply which originates in New Mexico. 
South of Santa Fe on the east and Jemez Mountains 
on the west, the .flanking ranges decrease in height. 
There is e.1so a me.rked. change in the character of the 
precipitation; heavy winter snows on the higher 
northern mountains give place to sporadic and some
times violent downpoW'B, most of them in summer, 
on the lower southern ra.nges. Tributary streams south 
of Rio Cha.ma a.re therefore lnrgely torrential in chen.e
ter and productive of a relntively small tota.i run-off 
to Rio Grande. 

A few miles north of the Colorndo-New Mexico 
State line, Rio Grande enters a canyon which gradually 
increases in depth to more than 1,200 feet at Embudo, 
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70 miles south of the line. In this stretch, the tribu
taries are from the east and include Rio Colorado, 
Rio Hondo, Rio Taos, and Embudo Creek. These 
streams rise in the Sangre de Cristo Mountains and 
afford water for irrigation on the mesa lands at the foot 
of the mountains. There is some residual flow to Rio 
Grande. • 

A short distance below Embudo the river enters 
Espa.nofo Valley, which is some 25 miles long and from 
1 to 3 miles wide. Here it is joined by Rio Chama from 
the \\·est and Rio Santa Cruz from the east. The 
Chama is an important stream drruning some 3,200 
square m.iles and on it, about 60 miles above its mouth, 
is situate the El Vado Reservoir of the Middle Rio 
Grande Conservancy District. There is some irriga~ 
tion development in its moUllt.t:w.l valleys. On Rio 
&mt.a Cruz there is a small reservoir and the lands in 
its valley are irrigated. 

At the lower end of Espanola Valley, the river enters 
White Rook Canyon, a narrow tortuous gorge so.me 20 
miles long, and, leaving this at a point almost due west 
of Santa Fe, it enters a long narrow valley bounded on 
each side by mesas which rise abruptly to a height of 
300 to 500 feet above the valley floor and then slope 
gently upwo.rd to the foot of the mountains. This is 
the principal valley of the Middle section and it ex
'ends 150 miles to San Marcial Narrows, broken only 
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by short canyons or narrows at San Felipe, Isleta, and 
&n Acacia which define the subvalleys of Santo Do
mingo, Albuquerque, Belen, and Socorro. These val
leys ve.ry in width from l to 4 or 5 miles. Albuquerque, 
the largest city of New Mexico, is in Albuquerque Val
ley, 45 miles below White Rock Canyon. The Middle 
Rio Grande Conservancy District includes the valley 
]ands from White Rock Canyon to the southern third 
of Socorro Valley. The principal tributaries are Santa. 
Fe and Galisteo creeks, entering Santo Domingo Valley 
from the east, Jemez Creek from the west, a few miles 
below San Felipe Narrows, and Rio Puerco and Rio 
Sala.do from the west just above San Acacia Narrows, 
65 miles south of Albuquerque. These streams are 
largely torrential in character and only contribute 
discharge of coDSeque.nce to Rio Grande at times of 
Ba.shy Hoods. Rio Puereo drains some 5,000 square 
miles, but this is an area of relatively low altitude and 
scant precipitation, although subject to irregular and 
sudden storms of cloudburst proportions. There is 
some irrigation along Rio Puerco and its tributaries 
and in Jemez Creek Valleys. 

The Elephant Butte-Fort Quitman Section 

The Elephant Butt,e..Fort Quitman section com
prises the Rio Grande Valleys from San Marcial to 
Fort Quitman, Tex., a distance of 250 miles. For 65 
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Gemral Report 

miles from San Marcial to Ca.hallo Narrows the Banking 
hills are dose to the river and there is little valley land. 
The Elephant Butte Reservoir occupies the first 40 
miles of th.is stretch and below it is the small PsJomas 
Valley. 

From Caballo Narrows the river enters the Rincon 
\¥alley, which is a~ut 30 miles long and has maxi.mum 
widths of about 2 miles. This terminates in Selden 
Canyon, at the lower end of which the hills flatten out 
and recede from the river to form the beginning of 
Mesilla. Valley. This is one of the larger subvalleys. 
It extends 55 miles south to "The Pass", 4 miles above 
El Paso, and has a maxi.mum width of about 6 tulles 
opposite Las Cruces, 45 miles north of El Paso. 

Below El Paso,Rio Grande is the boundary between 
Texas and Mexico. On the west side the boundary 
between New Mexico and Mexico is at 11The Pass", 
but on the east side the New Mexico-Texas line is about 
20 miles north of El Pa.so. The El Paso Valley, which 
is the lowest in the Upper Rio Grande Basin, is about 
90 miles in length from El Paso to the gorge in an ex
tension of the Quitman mountains about 10 miles below 
Fort Quitman. Widths vary from 4 to 6 miles for 
much of its length. On the Texas side it includes the 
]a.nm of the El Pa.so County Water Improvement Dis
trict and the Hudspeth County Conservation and 
1:leclamation District. The area on the Mexican side 

1 geuerally referred to as Juarez Va.lley. The Rio 
Grande Project of the Bureau of Reclamation includes 
the valley lands from Ca.hallo Narrows to El Paso and 
t.o a point about 40 miles below the latter, on the Texas 
side. 

'"'.-:., .• _...ies,,;..., _.:.., ~'er.rtu')• "'.:l.u··~'"J.)-~ "'u1,..:,·,n 
.... ~ ... ....- .. ~ .. ...i...i. Jilc; -.t !"'.1-'~ .. i -- j,,1,10.. - J. ~ - .. \.u.4J.W-

aection consist only of arroyos, dry most of the time but 
subject to flashy floods. The principal ones enter from 
the west between San Ma.reial and Rincon Valley and 
a.re, in downstream order, Milligan Gulch, San Juan, 
Nogal, San JoBe, Rio Canada Alamosa, Cuchillo, 
Palomas, Arroyo Seco1 Las .Animas, Percha, Tiena 
Blanca, and Ja.ralo.sa.. The first five are tributary to 
Elephant Butte Reservoir and the next four &re tribu
tary a.hove the dam of Ca.hallo Reservoir now under 
oomtructi.on. A chwmel is being built to divert the 
flow of the Percha to this reservoir. 

Cllmatolofical ud Related Data 

Table 9 gives the altitudes of the valley areas of the 
Upper Rio Grande Basin. 

The mean annual and July andJan.ua.ry temperatures 
,d the periods betwoen killing frosts, or the growing 

uio:ns, &.re given in table 10 for representative loca
- "40ns in the three major valley areas of the upper basin. 
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These are taken from the Climatological Summaries to 
1930 of the United States Weather Bureau. 

T.uiu: 9.-Altitudes of Mlk11 areq in IM Upper Rio Grande Bruin 

.Utltudm 

TABLE 10.-Mean annual, July, and Jcm.uary tempef'aluru and 
length of gTowing aeaaOfl in lhe Upper Rio Grande Baain 

'1'111mi;,eratures io d~ Fllllrmbldt u:s 
AIIDIW July J&DU&l')' p! _Jb 

81.Btlon AYerap J\Vl!J"tM Avwap jjii --- ---a E I a ; a = ::, :,, f!!IJ a a I i .!! a I !l I i ]! 1== • 
., Ill .a .. :;:;; 

lll ::I! :e ;:; Si ::ii ~ lll :e < - - - - - - -
Sall Lull aecU011: 

Del Norte •••.•••••• $'/.1 2111.9 42. 3 7114 '8. g 61.11 IIU IU 21.. l Ul 
Oilzu&tt ••••• -------- SG.2 23.0 4Llj 80.3 H.7 02.~, M.3 -1.l 17, l Q7 
llllllJIIWI--. --··c···- ~ J '!S. : U. 7 "'3. 5 •6. ~I 12. ~ "::11. ~ :. 0 ".ll. 11 19 

.Ubuquuque:~:::::1 au. 2 0,g M. ti .: 1 112.6 i6. 2 .i:2 :ii2 3.5.0 
..... ii 

8ol:lorto. - ........ - .• 74. I 40. 7 57. t 112. 5 61. 8 77..2 .'12.8 2:U 37. 7 111,5 
Sac M&NJ.aL. •••••• 7l2 jl.3 .58.2 113.9 112. C 78.2 &U :zu 311.2 3Xl 

Elep.baDt Butte-Fort 
Qllltm&n -=tlon: 

73.8 40.11 F-t Butta •.•.. 4.U se.e 91.6 &U 78. 7 154.3 2111.9 221 

E ~~.~~~~: 76..2 ~o IJO. l U3. 4 M.l N.ll 58. l 2:.\8 42. 0 :llll 
76. l 50. 8, 63. 6 ns 119. 3 81.& 67.G 32.3 414.ll ::141 

Cline •••••••.••.•••• 78. 0 42. l 00. l 11-l 4 Gl.8 111. l li4il.O 22. 5 fO. 7 201 
Fort Em:11:,oclc ••.•••. 80.; U.4 «u 118.8 &1.3 81.2 ecu llU 39. 7 ···---... ~ 

Precfp.ltation 

The longest record of precipitation in the Upper Rio 
Gra.nde Basin is for Santa Fe. It begins wxth 1850 a.nd 
is continuous to date. Other stations with notably long 
records of complete yea.rs a.re San Marci.al, 80 yea.raj 
New Mexico State Agricultural College, 79 yea.rs; El 
Pa.soi 68 years; Albuquerque, 66 yea.rs; and Elephant 
Butte, 52 yes.rs. In the Middle Valley dre.i.nage there 
a.re six stations with records of between 40 and 50 years. 
The longest record in San Luis Valley is that of 46 
years fo:r Ga.mett, a few miles northwest of Alamosa. 

Plate 2 gives a list of the precipitation stations in or 
near the Upper Rio Gnm.de Buin. It also ehows ill 
each case the station elevation, it.a county and State, 
and the 11um~r and period of yeani of the reoord a.s 
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published by the Weather Bureau. The stations are 
grouped to the three major areas-8,.n Luis, Middle, 
and Elephant Butt,e..Fort Quitman section.e--and a.re 
numbered consecutively from north to south. The 
locations of these siations a.re shown on plate 3, 
"Distribution of precipitation in the Upper Rio Grande 
Basin/' on which is given also the list of stations and 
numbered designe.tions as indicated at each dot 
representing a station. 

The records of annual precipitation for all stations 
listed are given in table 117 in Appendix A for all com
plete years from the initiation of the record to 1935, 
inclusive. Given also, for each station is the mean 
a.nnual precipitation for the period of record. The 
length of the records is so variable that the means for 
the periods of record do not furnish an appropriate 
basis for comparison. For the latter the precipitation 
should be referred to the same period of years for all 
stations. Based on actual records this would neces
sitate selection of a period of less than 10 years, since 
the record for many stations is no longer than that. 
Obviously this would be undesirable, however, as no 
account would be taken of the several long-time records 
to derive means for a much longer and more repre
sentative period. The expedient adopted under these 
circumstances was to select, for the comparison, the 
46-year period 1890-19351 inclusive, and in the case of 
stations having shorter records to estimate the mee.n 
by comparison with the precipitation at those neuest 
stations for which there is an actual record for the 46 
ye&rS. It is recognized that, due to the marked irregu
larity in the diBtribution of precipitation throughout the 
'::a.sin. the '.:2".:::-~s ·.h..:.:: ::2::-: - ~. i..·. ,.~';:,ioot t-0 ;ome ~r:-or. 
~ i is 00lleV eci, .£l0Wever I that they furnish a much better 
a.nd more truly representative ha.sis for showing the 
a.mount and distribution of precipitation than the means 
based upon the period of record only. 

The period 1890-1935 corresponds to that for which 
estimates of run-ofl:' a.re derived as considered elsewhere 
in this section of the report. Although precipitation 
NCOMs do not, in general, furnish the appropriate basis 
for estiniF.tes of run-off in the Upper Rio Grande Basin 
tha.t they do in some other western basins, it is of value 
to have the precipitation data for a period correspond· 
mg to that for which nm-off' estimates are derived, if 
only to indicate the general relation which exist.a. 

The estimated 46-year precipitation means are given 
in table 117, .Appendix .A, and are indicated at the 
station locations on plate 3. With these data as a 
basis, isohyetale or lines of equal precipitation were 
drawn to differentiate and indicate the variation in 
mean annual precipitation over the various be.sin areas. 
On this map each shade of color bounded by the 
isohyetals represents an area. ha:vmg mean BJmual pre
cipitation within the limits indicated in the legend. 

Rw Grande Joint Investigation 

It will be noted that there is a range in mean annual 
precipitation from less than 7 inches- to as much a.s 40 
inches. The higher figures are for the high mountain 
areas of the Sangre de Cristo and the San Juan r&Dges 
in Colorado and northern New Mexico, and the lowest 
for the centra.l ueas of the main valleys. The aridity 
of the latter, as shown by the mean annual precipita
tion of from 7 to 10 inches only, well explains the re
quirement for irrigation in the San Luis, Middle, and 
Elephant Butte-Fort Quitman sections. 

To indicate the monthly distribution of precipitation, 
figure 4 gives the average monthly precipitation in 
inches and in percent of the annual for three stations-
Garnett, Albuquerque, and El Paso-as representative 
of the main valley areas, and for Cumbres, as repre
sentative of the high mountain a.reas. It will be noted 
that in the valley areas the months of greatest precipi
tation are July, August, and September, and that those 
months account for a.bout half of the annual precipita
tion. On the other hand, in the high mountain areas, 
the greatest precipitation, mostly in the form of snow 
and the chief source of run-off, occurs in December, 
January, February, and March, and a]so represents 
roughly half of the annuo.l precipitation. 

20---+---+--+---t---i l,H I.U,.J---..-....... -.1---1 

j:: SAN L.UIS SECTION -£Li!VATI ON ,576 FT. 
C MEAN ANNUAL PRECIPITATION 6.76 INCHU-45 YEARS i,,. 

ii:20 1,43 1.43 u 
o.88 ~JO ~.70 0,78 

a ~e 0.33 0.:1 "',53 0-52 

I -, uiu °'ie 
..J 0 II I I .. 
::::, ALBUQUERQUE z MIDDLE SECTION-ELEVATION SIH FT. z 
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C 1,32 ... 
210 1--0 0,71 
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SAN LUIS SECTION-ELEVATION 10.015 FT, 
MEAN ANNUAL PUCIPITATION 32.05 INC:HES-HYEARS 

P'Jom.1 (,-MQQWJ dlmibuuon of pn,clpltatloo .!J:i the Uppe.r Rio Orude Butn. 
(J'faw11utCOpofl:Nm1'9~taffl'q8pnclp!tatlonlnlncbeiltorpmodol'~.) 
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•· Continuation -Table 57- Rio Grande Joint Inve~l. lgation -Feb. 1938-

, , 

Year Water Distr iota Total 

20 21 22 24 25 26 'Z'I .35 ' 
-

1935 389,709 45,810 107,833 30,614 27,372 66,960 8,403 22,323 ~ 024/ 
1936 390,127 46,256 113,510 33,139 26,540 25,4n 5,530 22,435 663:014~ ,, 
19.37 .381,856 52,610 94,752 J6,269 ~,- 25,477 , 5,588 22,892 '646,082 I 

1938 377,273 54,954 104,062 35,724 59,920 41,323 3,102 26,0.35 "'70;!,.392 " 
19.39 373,684 45,519 100,549 J6,9J2 81,700 42,448 5,997 28,5Q3 /fl.5 ,1.332 ' 
19tO J68,J28 42,053 99,899 19,750 55,429 .. 45,4133 5,236 28,092 ~267/ II / 
1941 382,087 45,178 102,482 37,276 65,542 46,561 7,172 31,358 ,656; 
1942 372,818 4.3 ,6.33 105,431 24,478 88,152 47,798 19,944 .31, 742. /133,996 
194.3 354,07.3 46,229 100,65.3 36,903 144,541 47,211 u,• 28,083 )!19,'680~ 
1944 362,393 47,41.3 97,850 / 38,598 I 118,448 47,543 13,889/ 23,491 ;' ~,625 
1945 )56,167 / 47,382 I 99,700 36,569 120,941,, 48,298 I 14,1'~/ 23,517 4 ,751/ 
1946 JJ8, 701' 41,647 1 · 98,350 I 25,755 I 121,551 / . 48,587 / 10,,459 / 1.3,381 ~, 698,431 I / 

1947 343,60} " 55,717 j 102,032 ~ 35,589 / 123, 72!} ,, 49,893 / 9,136 22,584 ?42,289 ~ 
1948 359,288/ 53,177 100,440 37,696 122,265 / 46,418 10,434 / 2?,323 ~ 757,041 f/ 
1949 J80,0J5 j 59,494 f 100,915/ 36,813 J 123,502 / .. · 48,483 / 11,540 / 28,940 789,122, I 
1950 352,945 f 49,366 / 97,3121 22,173 10,322/ . 21,228/ 2,492 ( 14,554 / 570,392), '.I 
1951 205,ll9 35,-z:J? I 73,350 I 14,976 / 8 872' 4 792/ 1,r:t79 15,743 , 359,228 J 

17;460 ~ ; / 
1952 358,527 / 52,078 / 109,979 / 28,749 / 17,379 / 5,330 / 25,836 I 615,338/ 
1953 351,835 43,962 98,0Jl 21,433 / 21,721 18,136 5,605 20,718 581,441; 
1954 260,482 / 26,462 I 80,423 I 19,970 I 7,381 ., 6,110 / 1,395 .,...- 19,261 / 421,406 

" 

·, ... 
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General Reporl 

There Bl'e very few stations such as Cumbres to 
give precipitation data. for the high mountain areas. 
lut as shown later, by far the major portion of the 

.Rio' Grande flow is derfred from the p~ipitation of 
th<'st areas. For this reason little opportunity is 
afforded in the Upper Rio Grande Basin to establish a 
reJntionship be.tween precipit.ation and run-off which 
cnn be considered ~penda.ble in the estimate of run-off. 
Most of the precipitation stations are located in the 
lower areas and although this precipitation is pro
ductive of run--off, the derivation of any direct and 
dependable relation thereto is largely obscured by the 
irregulariti~ characteristic of the precipitation on the 
lower areas. 

Snow Sune:,11 

Snow surveys for the purpose of forecasting seasonal 
run-off were initiated in the Upper Rio Grande Basin 
in 1936. They constitute cooperative projects of Fed
eral and State agencies under the direction of the 
Bureau of Agricultural Engineering, Department of 
Agriculture. Of a number of "snow courses" est.ab-

25 

liehed in the mountains of Colorado in 1935, three are 
in the upper Rio Grande drainage and were surveyed 
initially in the spring of 1936. Additional courses in the 
higher mountains of New Mexico were established in the 
fall of 1936 a.nd were to be surveyed in 1937. Table 11 
lists the snow courses now established in the Rio Grande 
Basin and their location is indicated on plate 3 . .... 
Evaporation 

Records o! evaporation in the Upper Rio Grande 
Ba.sin are meager. The longest is that for the station 
at Elephant Butte Dam, which begins in May 1916 and 
is continuous to date. This gives the evaporation from 
!:ree water surface in a class A Weather Bureau evapo
ration pan. Other stations for which evaporation pan 
records a.re available a.re indicated in table 12. Of these 
eight stations, only four are maintained at present. 
The monthly records of evaporation at the stations 
listed :in table 12 are given in tables 118 to 125, inclusive, 
in Appendix A. 

Data. on evaporation from water surfaces and soils 
and on ple.nt transpiration are indispensable to a 

TABLE 11.-Snou: coursea iri the Upper Rio Grande Bcuin in Colorado and New Mezico 

fBurTe)·ed thrfflla:b Federal and Sta~ CJD0}*1lllon under tbt BIU"llall or Aa:rlcultural Engjneerlng, ti. !:. Department of Agril'Ul!urcJ 

!so. Elevation 

l f:~e:~:.~~:::::::::::: 9,350 :enmidtJe ••.••.•.••••••..•. Colorado •........•••••.•.••• Rio Orude •.•.•••••••.••••• Rio Grande. 

l Woll Creek ••••••.•..•...••••• 
4 !!liver we ..•........•.•••••• 
~ Rl"er Spnnp ••••..•..•..••... 

ii! -~=::::::::::::::::::: :::Jt:::::::::::::::::::: -~Jr~~::::::::::::::::: fi!?oh~!~ Orande. 

5 Cumbl'lll Pw. •.•..••.•..•.... 
7 Red RJvm-•••••••••••••••••••• 
8 J!lo Nutrlu ••.••.••••.••.••••• 

• 
1i ~~!:nJi~r:::==:=::::::::: 

·,... ·. z ~ ~ J.a~ch ....... ·---'~--,,_-- .. ---, 
.• I .,~pell uro.-e ................. -J 

11,3'0 ••••• do •••••••••.....••••.....•• do ..••.••.••••.•.•••••••.•••• do ••••.••.•....••.••.••• Cone!: JU.-er. 
1t'.:, -~':. .................... ·Nndtexlco .••...•...•..••. · cU:n ...................... ir:1co:JJ:'t:aed Rlvtr). 

7,9:IIO Rlo Al"l'lbt ••.•.••.•••••••.•••.. do ••.•••••••.•••••.•.•....•.• do .•........•.••.•.•.... Nutrias Creelr. 
9,$:Pl ..... do ......................... do ........................... :fo •..................... ' -:an,ilon '.c-e~ . 

. } ~ -~~-;;:_· .::;::::.::~::::::'.:~J~: :::::::::'.::::::::~::.:::::~~:: :::::::::::::::::::. 1 £~o~~'!tcree£. 
i . .i:,o·, JIIJ:ldova, •.•••••.•••••••••• 

1 

..... do •••••••.••••.•••••• - •• 1 Santa Fe .................... 1 Jell"Jell Creek. 
g, JOO I Banta Fe ....................... do •..•...•••••..•.••.•...•... do.-·--·················\ PoJ(MIQue Creek . 

1 No! In Rio 01'8.llde ~ bul cl!158 to I.be Dlvide. 

Tau: 12.-Eoaporation •tcuiom1 in the Upper Rio Grande B~in 

StatlOD Locatlm:i Altitude T1];!11of pan ~od of record Rem111rks 

Wacon Wbt,tJ Gap, Sta• Neer Wllll'lll:) Wlleel Gap dam lllte ll,ilOO Wea that Bllffilo clllll A ••• August 1D1g lo Oct-Ober 1924 •• MaJntal111!d fll CO!lnect!on wltll tile W111on 
tlonJ A-l Bl:ld A-2. on tbe u:pw.:; Rlo OraDde, above Wlleel Oap E~ment Station or tlle 

Ball Lofl ll1ley, Colo. U. S. Jl'QJ'IISt Sen'Joe. A-1, northern ex-
~: A-2, aoutbetn ~· 

Gatuett. ••.• ·- ·-· •..••.•• 18 mlles nortllwest of Aiamo8a, In 7,.578 ••••• do·--·-·--·---·-- ..•. .Ttme 19%7 to October lffl, allltamed by tlle Colon o State e=eer 
SUI Lim Valley, Colo. ~rJJ 1930 to November in CODDectfon "1th tlle Olll'l:lett Tape. 

1 1. Trallapfratlon Experunenl Statlon. 
tm Tbm:na ..••.••••••• On ...-.t ,bore or Eada's Nest a.- 8,219 •.••• do •••.•.•••.•••••••••• l,'ebr'lury 1930 to Dta!mber N~ Mexlco State en,:ln- rei)'Jlds: U.S. 

8"'olr In Taos CoUDty, N' Mu:. 11132. ~ll l~ to Dl!CG!n· Weatber BUNl!lu l"IIICQl"dS. 
l;,erl • 

liailta Fe •••.••••• ·--··--- At Santa .Pe, N. Mu. ••••••••••••• 7,013 ••••• do.-•.•••• -·········-- May 1913 to November 1914, Do. 
Jmmr, 1Dl7 to October 

N 

um. 
O~oa •••••••••••••• Jmlla! northnt or Albuquerque, 4,fll80 •..•• do _____ .·····-·······. ~timber 11128 to DM!mber 'l'Tevlous to U-mber 1928 l:IIIIJnta!md ill 

N, Mex. 928, JanLW"Y lll30 to COl:IJJIICtloll wltll eva~-~n lllt· 
Much I.G32. =ent station or lddle Onside 

mer,,anq Dlstrlct: au=:m~ 
wJnlaloild by New Mu:lco S • 
Deer. 

Elephau t Butte Dam •••• . U Jlepllant Batte 0-, N. Ma. 4, 2113 •••.• do-••••.•••••••.•..••. Ma:, 11Ml6to Deoemoor 1936 .• Maittl.ali:ied b:v u. s. BW"eau or Reclmia· 
tlon; reported by U. s. Weather BUN111u. 

Ol"llllld&..-••• •••••••••••• II JDllee nort~ of la Chlce1, 4. 150 l"loatl~ ae Inca SQuare, June um to lune 11132. Jau- Maint.amtd In oonnectlon wltll Jomada 
N.Mu. Ii In 1118 d-s;i, 11a1Y 193a to Dec9znber 183!'!, u;penmetal rai,p or tile U. S. F~ 

Sen-Joe. 
Jtwal C'oilere ••••• At Nn, M:exlco Col• or A~ 3,l!le3 Wllllther B-o, c.l&!S A .• s,iember lDli to Dteembu U. s. Weatller BUNllll J'900l'dl, 

tiue Ind M"oehanlc Arts, lll!III.I' •• X..Cruem. 
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comprehensive determination of the consumptive use 
of water. The Ga.mett Experiment Station in San 
Luis Valley and the I...os Griegos Experiment Station 
near Albuquerque were established and maintained 
respectively by the Colom.do State Engineer and the 
Middle Rio Grande Conservancy District in coopera
tion with the Bureau of Reclamation, to determine 
evaporation not onJy~from free water surf aces but also 
from soils with varying depths to ground water, as 
well as the evapo--transpiration losses by native vegeta
tion. The data of these experiments are reviewed and 
taken into consideration in the determinations pre
sented in part III of this report. To obtain additional 
data of this character to cover the widely varying con
ditions from the northern to the southern limits of the 
upper basin, the Bureau of Agricultural Engineering 
established and maintained in 19361 as a. part of the 
Rio Grande joint investigation, a number of evapora
tion and evapo-transpiration stations. They included 
the Parma, Wright, San Luis Lakes, East Henry, Asay, 
and West stations in the San Luis section; the El Va.do 
Dam, Simms' Ranch, Islets., and Socorro stations in 
the }.fiddle section; and the State College and Mesilla. 
Dem stations in the Elephant Butte-Fort Quitman 
section. These st.ations are described and the data 
obtained at them are presented fully in part Ill. 

The evaporation pan data of tables 118 to 125, 
Appendix A, together with the data of the 1936 stations, 
have been used in this report to determine mean 
monthly rates of evaporation applicable to reservoir 
and lake surfaces in various po.rte of the upper basin. 
Description of the den-ration and application of these 
means -vi.11 ":)e ~01md :.n :.he mr-<:P'Juent. :Ula1vses :·er 
7 3.TIOUS :-eser-:m.rs. -S1Iean J.Imual ;a~es for ev~poration 
from a lake surlace as derived by comparison of all 
avaifo.ble records and using a coefficient of 0.69 for 
reduction of class A pan evaporation to lake surface, 

T.ULE 13.-Mean annual ei•opqr~iori in the Upper Rio Grande 
Ba,in 

Mean Man lllll· 
&m1ual 11naimn- Mean ID• 

Sl&t!Oll e'l'al)Om· Altltude perature ID JJWII pr&-
&loo ID in fee& =· dt~ll 

feet belt 1 

--
w~ Wheel Gap, Colo •••.•••••••.• LD Q.GOO la I 1.3 
Garnett, Ban Luis Valley, Colo •••• _. • 3.4 7, a&o 41 0.11 
Banta Fe, New Mu •••••••••••••••.• ll.7 '1,010 llO 1,2 
Loa Oriqoe (Alb~q::.}.uei,i N, Mei:. j "JI ... •& • o. 7 
J!:Jepbanl Butu l:lm, . u. ..•... •e.o 4,280 61 0.8 
ArllUltural Colliice, lltu Lu Cruces. eo • , Me:r •••••••••••••••••••••••••••• ll 2 1.860 0. 7 

Rio Grande Joint. Investigation 

are given in table 13 for six stations. For comparative 
purposes, this gives also the corresponding data or 
altitudes and &.ru1ua.l means of temperature and precipi 
tation at these stations. 

Run-Off 
Knowledge of the run-off in the Upper Rio Grande 

Basin is gained from stream-flow measurements. :9ne 
probably to the controversies over Rio Grande waters 
that began as early as the 1890's, stream-flow measure
ments at key stations on Rio Grande were begun by the 
Geological Survey at an early date-a. fortunate cir
cumstance for present water--supply studies. The sta
tion near Del Norte, where Rio Grande enters San Luis 
Valley, was established in July 1889. That near Loba
tos, Colo., which records the Rio Grande flow below the 
San Lu.is Valley and near the Colorado-New Mexico 
State line, was established in June 1899. The station 
at Embudo, N. Mex., at the head of Espanola Valley, 
was established in Ja.nue.ry 1889 and is the oldest station 
in the basin. The station at Otowi Bridge, formerly 
referred to as "near Buckman", located at the head of 
White Rock Canyon and below the confluence of the 
Rio Chama, was established in February 1895. Meas
urements at San Marcial, at the lower end of the 
Middle Valley and upper end of the present Elephant 
Butte Reservoir, began in January 1895, and the record 
at El Paso dates back to May 1889. The longest record 
for any tributary stream is that for the Conejos River 
near Mogote in Colorado. It begins with May 1903. 

The records for these stations are not continuous from 
the initial date, but the gaps do not seriously impair the 
.}:t~::: ~:~~J1a ~~cc-rri~, T~e ;r~a;~st ~.1?se :L~U....-:"cci ~b ~;~1.e 
Emoucio record, a period of 8" years from 1904 to 1912. 
The Otowi Bridge and El Paso records have maximum 
gaps of 33' years each, Del Norte of 1% years, a.nd the 
other stations of a few months only. In general, sta. 

· tions for the measurement of tributary stream flow 
were established at later dates tha.n those for the ma.in 
river stations mentioned. 

The measurements of stream flow in the Upper Rio 
Grande Basin have been carried on variously by the 
Geological Survey, the State Engineering Departments 
of Colorado and New Mexico1 the BUl'eau of Recls..ma· 
tion, the International Boundary Commission, and 
other public a.nd private agencies. At present the 
maintena.nce of all stations in the upper basin is under 
the GeologicaJ Survey in cooperation with Colorado 
and New Mexico, with the exception of the Rio Grande 
stations at San Ma.rcia.11 EI Paso, Tomillo, and Fort 
Quitman, which a.re maintained by the International 
Boundary Commission, and othe.r river stations at 
Elephant Butte and within the Rio Grande Project, 
which a.re maintained by the Bureau of Reclamation. 
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Plate 4 lists the upper basin gaging stations for 
which records a.re available, indicates the source or 
agency which has published the records, gives the drain
age areas in square miles above the stations, and shows 
the period for which the records a.re a.vailable. The 
stations are grouped to the drainages of the three prin
cipal areas, San Lu.is, Middle, and Elephant Butte
Fort Quitman sections.~ In each section the ma.in river 
stations a.re given first, followed by the tributary sta
tions. The stations are numbered consecutively as 
li..sted and these numbers are shown for identification 
on plate 1. At the end of the list of plate 4, a small 
group of stations in the San Juan River Basin is tabu
lated. These are stations established and maintained 
by the Geological Sun·ey in cooperation with Colorado 
and New Mexico a-s a part of the Rio Grande joint in
vestigation to furnish run-off data needed in connection 
with the investigation of projects for the diversion of 
San Juan Basin waters to the Rio Grande Basin. 

The monthly run-off in acre-feet, for the period of 
record to January 1936, for the stations listed on plate 
4 is given in the tables of Appendix A. The sources 
of the data are indicated in the footnotes for each table. 
As the daily discharge records for 1936 trwill appear in 
the Water Supply Papers of the Geological Survey, no 
separate publication is made for the present report. 

.Bun.Off' at Ke:, StatloH, 1890-HU 

As previously indicated, there are several stations 
with long-time records whlch are key stations with 
respect to a study of the water supply in the Upper 
Rio Grande Basin. These are the me.in-river stations 
-vhich :-ecod ·he '::if!ow :,o md )11tflow ~rom ',he S<tn 
::..ms, ·:.fiaale, :lilU --~;epna~'li '3~tte~Fort .:Cuu:man 
sections and those near the sites of major reservoir 
developments, present and proposed. Since the record 
for the Del Norte station goes back to 1889 and the 
records for the other principal stations nearly or quite 
as far back, it was considered feasible and highly 
desirable to extend the records and fill in all missing 
periods with estimates obtained by proper methods in 
order to derive for key sta.tions a. complete monthly 
record for the 4&-yeu period, 1890-1935. This was 
done, and the recorded flows plus the estima.tes to 
complete the 46-yea.r period a.re given in tables included 
in Appendix A, for the following stations: Rio Grande 
a.t Wason, Del Norte, .Alamosa., Lobatos, Embudo, 
Otowi Bridge, San Marcial, and El Paso; Conejos River 
near Mogote; and Rio Chama above El Va.do Reservoir. 
The Rio Grande station at Wason is within the Wagon 
Wheel Gap Reservoir site. The estimates to extend 
the records or to fill in missing periods were based on 
curves of monthly :run-off relations to other stations 
or on mea.n monthly distribution relations and are 
explained in detail in the footnotes for each table. 

Rin Grande Joint Investigation 

llll!A" M~ MO"U ., Otow, •~•OGt 
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The tables for these key stations show the mea.n 
~ua.l and mean monthly run-off for the 46-year 
period 1890-1935, the monthly mean in percent of the 
mean annual, and the annual run-off in percent of the 
mean annual. Except for Del Nort.e, the Rio Grande 
stations do not wholly represent direct mountain run-off, 
but record the flow which has passed or is returned 
~rom upper irrigated areas plus intermediate tributary 
inflow. Tables 14 and 15 summarize the characteristic 
data for Del Norte, Loba.tos, Embudo, Otowi Bridge, 
and San Marcial, selected as representative stations to 
show the main river run-off over a 46~yea.r period. 
Figure 5 gives the characteristics of run-off for a 
maximum, mean, and minimum year for Del Norte, 
Otowi Bridge, and San Ma.rcial stations, as representa
tive of the run-off at th! head. respectively, of. ~he )Ila.in 

· ':./.:;.%'ar,e·a ·rres..s )I \ue· ::ll.n ··-ci.ls, '1\1.-:ucile, .. rn'i:' .Leon.1.ri~ 
Butte-Fort Quitman sections. · 

TABLE 14.-Varioiwn in annual ru'fl,,-()ff a.t Rio Grande gaging 
atation:i, 1890-1935 

MulmlD:11 &rmnal !'IID· 
M!nlmum annual 

off ill 46-yeaz 'l)enod nm-ofi In 16-ycar 

M'IIIID 
period 

annual Flo,.. 
Ollill& station nm-off In ))et• In Jl4'f· faclor 

I.Qacre- m per-
8e8t Inacre,. oent or Inacre- C'llntol ileDtl 

feet - ¥11111 
_, 

mean Year 
&mlUlll *1Ulual 
nm-ctr nm-oil' 

--- ----,_ --
Nsr Del None ••• ~~ l. 1114, 400 le& ll107 249,300 36 1002 Gl 
Near Lo~ ••••• i.,ae,oon 2111 11107 I Q8. 70( 1.8 um 
At :lmburln. ____ .• l!ll'lll,100 1. ffl.000 231) 1907 215().400 30 IIIM 
At Otowi l!rtda. _ 1, 1,111,000 2, 7112,000 2)8 um 880,400 28 11134 ' M SA MarclaL. 1,171,700 2,4118,000 221 18111 :II00,600 1.8 1002 

Total Water Production Crom Run-olr, 1890-1935 

To arrive at a comprehensive and adequate knowledge 
of the available water supply in the Upper Rio Grande 
Basin it was considered desirable to prepare estimates, 

CO- 002982 

t 
I 

f 

' f 
t 
f 
t 
t 

' t 
/. 

• 

t 

I 
I TX_MSJ_000062



General Report 29 

Nea.r Del Norte At :l!:mbado At Owwl Brld111 

Mouth 

1.111 17, IIOO a.~ •• l!OO I.lie 3'1,000 2. IIO 87,900 
1.73 18,IOO 3.lNI ll,000 3.M 41,000 3.03 41,000 

J&llWl.l")'.......................................... 18.500 3.36 
:r,bfUarY......................................... 12,200 3. 60 

2. 76 31,400 &. 'Ill 48,300 &.e2 77,000 6,ffll 63,400 
7.U 41!,l!OO .S.1!3 112,000 U.ll3 W.800 13. 73 1311,WO 

Marc!, ................................. _ --- ... _ ---· Ul,WO S.62 ~··::::::::::::::::::::::::::::::::::::::::::: 1=::: ~:~ 23.~ 128. 000 23.43 :II00, 100 23.27 1'1'11,800 :11!1.00 118.200 
z,,m 146,000 12111.M 1W, 700 23.112 27.5, 100 ao.33 230, llOO 
13.05 fi, 400 8.G2 '72,800 8.46 1H, 700 7.00 81,700 

1u:ae.......................................... .... 1::= 20. 47 
11111-··--··--··············--------------------·-· 51,lj(J() r: 7.54 lU, tllOO lt42 39.200 4. il6 l!O. 400 t.U 48, IIOO 

UIS ~300 3.31) lie. 000 ,1.1\l ,Sl,tOO 3.80 41,200 
&.12 28, fOO 5.20 46. 000 6.4.S 82, goo 4.M 52,700 
2. 77 22,400 *-O"l 36,a(JO 4.10 46,700 3.45 34.tOO 

=~~-::··:·:::~::::::::~:::::::::::::::::::::: =:= u~ 
Nonmber........................................ 1'1,l!OO 3.& 

2. (15 20,300 3.&11 32,200 3. 74 40,800 3.02 38,400 :O-mbe:........................................ H,MQ 3.41 1---·1----1----1---·1----1----1----1----1----i----
100.00 S.,0,200 100.00 880, 100 100.00 l, 3.53, 000 100. 00 l, IZ!, 'IOO To'8J ..••••.•.•••• ···········------ -----· --- 7111, 100 100. 00 

based on .e.H available stream-flow records, of the total 
water production from run-off for the principal be.sin 
drainages. These estimates were made to cover the 
46-year period, 1890-1935. The results are summarized 
in table 16, which indicates that slightly more than 
99 percent of the mean annual water production of the 

BY SECTIONS 

Ban Lws lll!Ctloc: 
lloiltllwest-............. . 
Saatbeut IZ'II& .............. . 
Ci-d ba.s.iu ................ . 

Tot&I ..................... . 

Mlddlt aect!Qn: 
Nottbem unit .••••...•.....•• 
l!ioatlltn! UDlt.-........... .. 

Tot&I •••••••••••••••••••••• 

~t Butt.Fort. Qwmwi 
IIIICtlon: 

8Q MUWll-Ei,epbaDt B1me 
lmlL ..................... . 

Elephant Butte-1-bm't: 
W!.lt ••••• ··-········-••••••• 

1-blD'#-El PaN won ••••••• 
El Pao-Fort Qm1m&D IID!t •• 

:.intnou:,;~ 
:Dg 

2,392 
M(I 

l,14-0 

.. ____ .... __ .... _ 

-......... -- .... --.. ____ ...... __ ... __ 

l,:IM,000 
lll0.40() 
187,700 

:..1 :ercent 
JI basm 

total 

fl.OIi 
3.93 
C. 12 

1----1----{----1·---... 17,880 1.-. 700 JU.13 
l=a===l====I====~=== 

4,G41 ---------··- !H7,600 30.ga 
11,lm ......................... 18&,IJOO U.M 1----1----1----1---

12, 713 UI. 22IIS l,332,t!OD 44U 
(====-\====r====l'=== 

1,747 •••••••••••• 

2, 1113 •.•••••••••• 
Lffl ........... . 
1,&111 ........... . 

153,000 

'118,500 
II0,800 
32,800 

1. 73 

1.111 
LOl 
II. 71 

---·1----+----i·---
Total...................... 41, 1188 G, 811!8 1114,IIOO 6.38 

l=====l===-=!===-==1> 
Tola! of~---··---··............ 1 aa,INk a, OM. 100 100.00 

IY STATES 

Colondo .•• ........... .......... •••••••• •• •• I 7, 8llf) I, Mi, 700 151. la 
New Maim..................... ............ 3t, 4113 J, 47(, 900 4B. 13 

~llab11a, MU1o0.............. ............ m ft:l ~= ,_ _______ ,_ ___ , __ _ 
Tola! of Staaa............. ............ 1 D, IIIM a, oet, 100 100. 00 

upper basint totaling 3,064,000 acre-feet, originates in 
Colorado and New Mexico, and tha.t the production of 
these two States is very nearly equally divided, Colorado 
producing 51 percent and New Mexico 48 percent of 
the basin total. The extensive compilations and detail 
used in the derivation of the water-production estimates 
for each unit and section of the ha.sin, from which the 
summary of table 16 is derived, are presented in 
Appendix B. 

Rio Grande Run-off Corrected for 
Present Development 

As previously explained, the run-off of Rio Grande 
near I.obatos renresents the residual flow below +,he 

- ~a.n ·:..::us '~'.1:Jey · . .r:-ig1c:;on deveiopmeD t. '_:'be :un-.)rf 
at Embudo and Otov.i Bridge represents th.is same 
residual flow plus or minus intermediate tributary 
inflow or losses, respectiveJy. The run-off at San 
Marcial represents the residual flow below the Middle 
Ve.lley irrigation development. In estimates of the 
water supply for given future conditions it becomes 
imports.n.t to determine what the flow, 1890 to 1935, 
would have been at these gaging stations under present 
conditions of irrigation development. Put in another 
way, this means a determination of what the con
sumption of inflow was in the San Luie and Middle 
Valleys in this period. 

Correction for San Luis Valley developnunt.-Whlle 
irriga.tion in S&n Luis Valley was firmly a.nd widely 
established prior to 1890, a study of the available de.ta 
on irrigated acreages indicates a general trend. in the 
direction of expansion until within the past 10 yMl'S. 
The temporary Rio Grande Compact which became 
effective in 1929 restricts increased use of Rio Grande 
water in Colon.do to an amount offset by drainage 
return to the river. Accurate annual figures on the 
total acreage irrigated in Se.n Luis Valley a.re not ,11,vail-
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able. However, as set forth in table 58 in the section 
of this report on irrigation development, surveys of the 
irrigated acreage made by engineers representing the 
State engineers of Colorado and New Mexico indicated 
a. total for the v&iley o'f 494,200 acres in 1926, 507,471 
acres in 1927, 534,806 acres in 1932, and what would 
have been close to 500,000 acres in 1934 but for the 
reduction due to water shortage. This suggests that 
the a.res irrigated during the period 1927-35 remained 
substantially constant except for va.ri&tions due to the 
availability of water. It is considered, therefore, that 
this period may be taken as representative of present 
irrigation development and of the use of water in San 
Luis Valley, and that use in the past may be referred to 
use in this period to derive corrections to past stream 
flow for present conditions. 

Since, as previously observed, the run-off to the 
southeast area of San Luis Valley is practically ail 
consumed in irrigation and does not reach the river, 
the difference between the total inflow to the southwest 
area and the flow of Rio Grande near Lobatos may be 
taken to represent the total consumption of south
west a.res inflow which includes that of Rio Grande 
near Del Norte. Although this difference does not 
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represent the total depletion of water in Sfll! Luis 
Valley, Jt does represent a very substantial part of i1 
and, ·with respect to corrections to the Loba.tos flow for 
past use1 may be taken as a. complete index of the use 
factors governing the river Bow a.t that station. In 
any one year the water consumption and henoo the 
outflow a.t Lobe.tos is influenced to a substantial depee 
by the extent of avaHable in.flow. It was necessary, 
therefore, to establish the present consumption, or 
that in the period 1927-35, as related to the inflow. 
This was done for each month of the year by plotting 
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.F!Gvu 8.-Relaeloo of lllf1011V to wtflo•, llOOthwest llfft, ~ Lilli Va.Dey, Colo. 
For montbs May r.nd JWle 11127 1.1111m, 

Lhe monthly total inflow to the southwest area against 
the monthly outflow at Lobs.tos, for the period 1927-35. 
The total monthly inflow was derived as explained in 
Appendix B (see table 194) and the outflow w&S taken 

IIGVU 9.-:a-tloti of !llf101r to oatflow, aoothwmm -. ~ Lula V&Ue:,, Colo. 
For mootl:ul J 1117 Uld .&.lll'Qllt 11127 to ~ 
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from table 131 in Appendix A. The monthly relation 
curves drawn to fit the plotted points a.re shown on figures 
6 to 11. Although the points for individual yes.rs show 
some deviation from the adopted curves, the latter were 
so drawn that the algebraic sum of the deviations over 
the period equals zero. By entering these curves with 
the monthly inflow to the southwest area. in all of the 
earlier years, 1890 to 1926, as given by table 11}4 in 
Appendix B, the corresponding values for the outflow as 
it would have been in the put Wlder present conditions 
of irrigation development in the valley were obtained. 
The difference between these values and the recorded 
ftow at Lobatos as given by table 131, represents the 
che.nge in depletion or accretion to conform to present 
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Rio Gra~ Joint Investigation 

conditions. These changes or corrections a.re given by 
months in table 17. Those with the minus sign indi
cate that under present conditions the Loba.tos flow 
would have been less by this amount wlule those with 
the plus sign indicate that the flow would have boon 
that much greater. The latter condition is, of course, 
that which would be anticipated for fall and winte.r,. 
months ""i.th the development of drainage and returh 
flow in the later years. It will be noted that the cor
rections a.re carried through to December l 935. Pres
ent conditions were taken to be represented by the 
monthly curves plotted for the period 1927-35, and 
since the points for individual years in this period de
part from the curves, these departures gave corrections 
within this period. The algebraic sum of these la.st 
corrections in ea.ch of the monthly columns is zero so 
that M fa:r as the final result is concerned, it is imma
terial whether or not they a:re applied. 

During the flood period, May, June, and e11rly July, 
the discharge of Rio Grande and its tributaries in the 
San Luis section is frequently, for short intervals, in 
exces)> of the diversion capacity of the canals. These 
flood peaks, therefore, pass from the valley at the 
Lobatos gaging station and cannot he utilized above 
that point. A study of the occurrence and volume of 
these indivertible peaks was made in order to take them 
into account in the correction of the past Lobe.tos flow 
for p:resent development. Inspection of daily dis
charge records for the pea.ks of the I 932 and 1935 
floods indicated maximum diversions on Rio Grande 
between Del Norte and Alamosa of approximately 4,000 

. I . 

: ..1..aL..:~~. :. -- ,..·J;-s~c:iof...J t1 ·~cor;l(,U ·~otl" ,(' .t10~ ;r1111,ae -zel!f .:...obato.s. "_~ .. -to ... d'7tt1e :·~ow · ·;;'i,tler _Jtt-3e':'l'''( ·.;-:"'·:-gc.h~n Jevelopmt?nr :.n \~an ·~ui.s 
Valley 

[Unit l ,000 a('l'fAeetl 

Year JanWtry 

I 
Febru· Ma.rcll April M11y 1UDII Inly .August Se~m- Octo~f Novem· l)ecem. .!1mual 

ary her her total 

---------------------------------
UIOO ••• - •••••••••••••••••••••••••••••• +a -5 +u I -lllJ +2 1-80 1-33 I -15 I -8 -9 -2 +1 -l 
11191 ........................... •··••·• -~ -3 +2 ·-~ I -l(lf 1-811 l-6f I -20 -5 -30 -9 +8 -34 
11!!112 ••••.•••....••••••.•••••••....•••. +2 -2 -18 •-u 1-11 •-58 1 -i +1 0 -H +1 +a -1 
18113 •••••.••....• •••••·· ..••••••. ····- +7 +a +2 • -20 l -32 1 -42 0 0 J -1 +t +9 +a -6 
IIIIIH .................................. +9 +9 -2 I -17 1 -18 1-s 0 0 +2 1-16 +H +9 -1 
J811.5 •......• ·- ••••.....••••••.•.•••.•• -2 -l +9 t-36 I -:U 1-156 1-71 I -26 1-12 -6 -1 +s -1 
l.M .................................. -l +3 +6 -25 •-11 -a '-2 -1 +6 +3 +10 +6 -1 
1897 •••....•.•••...•••••••.••..•••..•• +1 +6 +:Ill 1-:14 1-86 1-118 l -2.5 • -2 +7 HO -2 +19 -11 .................................... +, +13 +H •-33 -Ill -17 1-82 1-3 1-2 +2 +a +3 -
.181111 ••••••••....••••••.•••••••.••••••. -3 -1 -& 1-14 '-5 +a +1 +1 1-~ +a +14 0 -
1900 .•••. ·••••••·•• •••••.••.••.••••••. -1 -1 +a I -7 •-10 I -43 +1 0 0 +5 +9 -2 -
1901. •.......•••.•..•••••••••••••••••• -I -8 -4 +1 l -32 1-21 1-2 -1 +:.i +2 +u +a -4 
ll!Oll ••••.....•••••.••••••••••.•••..••• 0 0 0 -1 '-& 1-3 0 0 0 -H +l! +II +1 
lllQI .................................. +3 +5 +u 0 t-'ZT -181 -30 0 +~ +! +l +c -1 
llilli •••••.••.••••••••...•••••...••...• 0 +2 +a +8 +6 0 0 +1 +u +l50 0 
190ll ......... ••••••••••••••••• •••••••• -a -ii -11,1 1-18 1-172 -1«8 -1 I -3 0 +1 -H +1 -11,11 
llli06 •••..••.••.•...••••••••.••• -4 -a -H I -17 • -53 -M -u 1-17 -4 0 -1 -2 -
III07 •••••••...••••••.••••• ···---•.•••. -7 -a -7 1-~ 1-11! 1-161 -IIO -611 -43 -23 _, +a 
lllOII .................................. -H -H -12 •-u '-8 1-22 -6 -23 1-]0 -H -3 +1 -1 
lllOO .................................. -3 -3 -e I -:M 1 -91 -91 -8 -14 -,58 -28 0 +:rr -
1910 .... ·--. •••••·· ••.. ·- •.•.••••••... -1 +2 -17 I -47 1-7/i • -14 +2 -2 0 0 +I +4 -1 
19] l. ..........••..•.•.•••.•••..•••••. -• --4 +4 -3 0 -&'I -77 -111 -111 +142 -• +Ill -
1912 .••. ···············--············ · -~ +2 -8 1-19 -29 1-140 +1 -s I -5 -IO -4 -5 -
1913 .................................. +2 0 -7 1-22 I -II 1-25 +3 +l +1 -8 +1 +2'1' -
1914 .................................. H H -a 1-)4 I -52 -81 -8 1-28 -ZT -A -7 -2 -21 
11113 ••••••• ••••••••••• ·-- •••• -- •• , • ·-· -a +2 -4 t -lG 1-36 -+I -2 1-13 -11 -8 -1 -2 -l 
19111 .................................. -3 -a -3 • -111 l-SJ +22 +31!1 -33 -10 +16 -13 0 -
1917 •••......•.... ········-· •.......•. -4 +a -2 I -18 I --41 +10 +• -7 -· -7 -12 -9 -
1918 .................................. -~ -II -8 -2 +I +1 • -5 0 -7 -3 +1 -I -
111111 •..•..•• ••·•·•••••••••••• ......... +1 H -t 1-154 •-11.'5 -21 +8 -ll -l -A -4 +ll -1 
1920 •.••..•••••.• •••••••• •••. ---- ••... -2 -3 -4 1-17 -22 -711 -3 -,5 l-6 I -14 -13 -9 -1, 
lit.11 .................................. -ll -3 -13 -12 -22 -311 0 -211 -22 1-19 -8 -2 -
11122 ••••.••••••••••••• -••••••••••••••• -a -1 +1 -s +u:; •-GO -21 +7 +l 0 +s +2 -
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TABLE 17.-CorrectiMI, w reCOf"ded flow of Rio Gronde near Lobaw...,, Colo., to git1t flow under present irrigation developmeni in San Luis 
V alky,--i.;ontinued 

IU1:1it 1,000 amt,r.tJ 

July Augu.st Sept.em- October Novem, Decmn- A..1nu111l 
• ber Iler ber Wtal 

---------- ---------------------------------------
Jffl ..... ------·--···-···-----------·· -2 -1 +3 -11 +27 -IM +13 -20 -16 -22 -6 +7 -~7 
111:H ... -----------··---·······-······· 0 -H I -18 l -113 I -85 +1 :t! t -I '-I -2 -7 +I -l.l4! 
11125 ..•.••.••••• ---------------.:....... +2 -5 -11 -• +~ +13 ,u , -6 +s +1~ -1 +10 +36 
l~------------·······-·-····--······ -3 -II -17 1-lG 1-18 -20 _+_.27 +1 -1 +l -3 +2 ,t"-ijl 
Jil2'l ••••••••••••• -----···----······-· -2 -6 +1 -2 +25 0 , -3 +10 -4 -HI +10 -12 
ms .. ·······------------------------· -1 -1 -10 -12 -~ -:22 +11 o o +J +4 +a -ss 
11120 ... ----- ------------·············· +3 +c +o 

1 
:2

8 
-2 -s +~! o -9 o -s -10 -3 

J1l30 ... ---·····--------·-········----· 0 0 -8 -2 +:Kl o I-• -1 I -I -2 -I -10 
1931.. --------------····--········---· o -a -u -2 o +u +1 o +• +13 +7 +; +24 
11132._ .... ---········--··············- +2 +2 -l O +2 -30 o

0 
+8 1 -2 I -2 -II -3 +-3

1
~ 

1933 ..... -------········-------------- o -r1 -6 • -1 +o +1 +1 o o +s +1 " Jil34 ____________ ••• ___________ •••..•.• -2 -l +11 +19 +4 -I O O O +z O O +32 
IIIM-----·······---···-----·-···-----· 0 +2 +18 +13 l -3 +l!!l +~ 0 0 -3 -4 -7 +70 

Total-----······-······-········ -:n -1~ -80 -r.18 -1, 312 -1,874 -346 -340 -zn +911 +9 +1u 1 -•, 702 

, Thb I.!! tile estimate<! or recorded (SWlll&Qllmlt to 1911) disc.ham or tbe Rio (lrqde at .Alamosa. 01:1 the &mm1pt!on tbat deva!OPD'.>ent si1:1oe 181!0 has bee11 largely 001:1&.ed 
to - lrrint.ed by river diversions above .Alam05c,, derived deplel.lon COl'l'llc:tlons nceedi111 U!o Alamosa llow wei-e n,dut'lllld to tlMI amo111:1t ol t.b.at flow as n!presenl!ng the prac
Ucal limit of depletion tor rir-nt <'0Ddltiom. 

, (!lee rootnol.e l.) This b the Al&mOAi tlow l'llduced by the &.mOWlt uf pusm~ ind!venable peaks. 

second-feet, and on C-onejos River and tributaries below 
the Mogote and Ortiz stations, of a.bout 11500 second~ 
f~t. Pa.st discharge records of Rio Grande near Del 
Norte and of Conejos River a.nd its tributaries at the 
Mogote and Ortiz stations were then exam.i.Ded to deter
mine the occurrence and volume of flood peaks in excess 
of these diversions. In plotting the points for May, 
June1 and Ju1y, figures 8 and 9, showing the relation 
between inflow &nd outflow for the southwest area in 

the period 1927 to 1935, both inflow and outflow figures 
were reduced by the amount of the indivertible peaks. 
By entering the curves for these months, then, with the 
po.st monthly :6ow determined to have been divertib]e, 
the coJTesponding Loba.tos flow less the indivertible .
peaks was derived. The depletion changes or correc
tions for May, June, and July, table 17, were then given 
by subtracting the curve value, increased by the in
divertib1e peaks, from the recorded Loba.tos flow. 

1920 

NOTE: CURVES FIT 1927·19 POINTS, REPRESENTING PRESENT CONDITIONS 
12~0.._ _____________ _ 

12501----1----~l-----+-----ifl---+-t 

r:i 
---."s11 

-1921 
1000.,__ ___ -+-----+-----'-i'--+--.,.. .... -~...,..:.;;9-;:2:..:..7---t--t 

----1922 

CURVE"A" 

1931 
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A study of all available relevant data seems to indi,. 
cate that the developmeDt which has taken place in San 
Luis Valley since 1890 has been confuied largely to a.reas 
which a.re irrigated by diversions from the Rio Grande 
above .Alamosa. Hence the past flow of the river at 
.Alamosa should represent to a large extent the practical 
limit by which the flow could have been depleted under 
present conditions. -:If, therefore, the corrections de
rived from the curves as previously described were found 
to indicate a depletion change greater than the actual 
flow at Alamosa. the corrections were arbitrarily re
duced to the amount of the Alamosa flow and they are 
so shown in table 17. In the case of corrections for 
May, June, and July, when there were indivertible peaks 
this modification was ma.de to conform to the flow at 
Alamosa Jess the volume of passing indivertible peaks. 
The record of the river £ow at Alamosa does not go 
back of 1912 and the winter months are generally miss
ing in the earlier years of the record after 1912. As the 
basis for limitation of the depletion corrections, esti
mates were made to complete the roissiog months and 
to extend this record hack to 1890. This was done by 
reference to Rio Gran.de flow near Lobatos, using 
monthly relation curves established for the period of 

Rio Gra:nde Joint Investigation 

concurrent record. The estimates so derived are given 
in table 130 in Appendix A. 

Some indication of the increase in irrigation develo, 
ment above Alamosa in past years as compared to the 
correspondingly small change in the Conejos and other 
portions of the southwest area, is given by the data of 
figure 12. In curve A the a.nnuaI run-off of Rio Grande 
near Del Norte is plotted against that at Alamosat"'for 
the period of record of the latter, and in curve B the 
a.nn.ual inflow of the southern group in the southwest 
area. {including Conejos, Sa.n .Antonio, and Los Pinos 
Riven and Aia.mosa &IJd La Jara. Creeks, see table 194) 
plus the ftow of Rio Grande at Alamosa. is plotted 
against the Loba.tos run-off. In both, the curves are 
drawn to fit the 1927-35 points as representing present 
conditions. 

Even more strongly indicative of the confinement of 
increased development la.rgely to the area served by 
diversions above Alamosa. ia the comparison of statistics 
of the acreage irrigated annually in Water District No. 
20, comprising chiefly the area served from Rio Grand~ 
above Alamosa, and that irrigated in Districts Nos. 21 
and 22, comprising the remaining portion of the south
west area. This is shown by the curves of figure 13. 

COMBINED DISTRICTS NO's.20,21,AND 2 

,.. -. 

ll!IIIB"_i,.,.,,,,,,••uo1STRICT NO. 20 
(AREA SERVED BY RIO GRANDE 
DIVERSIONS ABOVE Al,UllOSA) 
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The acreage figures used are those of the water commis
ners. As explained in a later section, these figures 
not a.ccura.te u to the total of the irrigated acreage 

out in their collection & certain procedure has been con
eiatently followed which hu given results which are al
most always high. However, for the purpose of showing 
the trend of irrigation growth as in figure 13 it is believed 
that the water cororo1ssioners' records for Districts 20, 
21, and 22 may be used satisfactorily. Smoothed curves 
representing progressive 5-year weighted means of the 
irrigated acreage are shown in figure 13 in order to 
bring out to better advantage the general trends. 

The corrections of table 17 applied to the Lobatos 
record, table 131, gave the estimated run-off of Rio 
Grande near Lobatos under present conditions of irri
gation development in San Luis Va.Dey, as shown by 
table 18. 

The differences between the annual inflow to the 
southwest area, San Luis Valley, as taken from table 
197 in .Appendix B and the annue.l outflow at Lobatos 
as given by table 131, have been plotted as shown on 
figure 14. This gives the total consumrtion or de-

35 

pletion of the inflow to the southwest.area including, of 
course, the heavy diversions from Rio Grande to the 
Closed Basin. In order to eliminate to soroe degree 
the marked annual changes in the depletion due to the 
varying water supply, and to bring out more clearly 
the general trend, progressive 5-year weighted means of 
the depletion were computed and plotted as shown. 
The curve drawn through these means can prob'6ly 
be taken as a. closely representative index of the amount 
81'.l.d trend of the water use and :irrigation development 
in San Luis Valley. 

Perhaps of greater significance in the planning of 
future development e.nd adjustments in the use of 
water in the Upper Rio Grande Ba.sin, is the curve 
given on figure 15. This shows the depletion of the 
southwest area inflow expressed as a. percentage of that 
inflow, annually and by progressive 5-year weighted 
averages. In other wordB, this curve shows the varia
tion or trend over the yea.rs in the extent to which it 
has been possible to utilize and consume tli.e available 
inflow. For example, since about 1921 there has been a 
fairly steady increase in the percentage of available 

TABLE 18.-&:timated run-off of Rio Grande near Lobatoa, Colo., under present irrigation de1•elapment in San Luia Valley 
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supplies utilized, as shown by figure 15, although in 
his period there has been little if any gene:ral increase 

..a the consumption of inflow, as shown by figure 14. 
Th(l severe droughts of 1931 and 1934 occurred in this 
period and although water supplies were greatly di
minished, a.n effort was made to maintain use as shown 
by the continued~ of the percentage curve (fig. 15). 
The greater efficiency in use in this period was-produced 
by decreasing waste, by diverting drain waters, and by 
pumping ground water. The data upon which figures 
14 and 15 are based are given in table 19. 

TABLE 19.-Depletion of inflow '4> ao11thweat area, San. Lui. 
Valley, Cclo. 
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ff.II !111.9 
$4. 5 iw. 2 
73.2 «16.4 
84.4 lll),J 
157.~ Gl!.8 
Tr. 6 811.7 
M,5 83,5 
73.3 511.8 
I!,. G 48. 0 
49. 3 t.'5. l 
25- 0 42. I 
e.t.1 47. 4 
'11. 3 ~1.; 
,1. i • "'· ; 
15. J ;!I.' ~.o ~2.0 
&1_2 ~-8 
M.2 68. l 
118.8 67.S 
M. 7 au 
SI. 7 6U 
72.7 69.5 
.'!G.0 65.6 
411!.t 52.0 
43.2 M.3 
18.2 ». l 
1111.2 66.S 
45.9 58. 0 
73. 7 81, 7 
83.l 113.0 
M.3 &+.O 
GS. 7 116, l 
114.3 011.2 
72.4 '1'1.2 
80. 7 '7U 
M.8 73.3 
74_9 7U 
81. G -·---............... 
73.f ................. __ ... _ 

l!CU ... _ .......... ___ ., _ 

Oorrectvm Jor Midd.k Valley detidopfflfflt.-Deter
mination of the depletion or total consumption of 
inflow in past yea.rs in the Middle section, in order to 

"Teet past Rio Ora.ode flows to present conditions, is 
,rem.ely difficult ooea.uee of the meagerness a.nd 

uncertainty of records of tributary in.flow between 
2H5-38---4 
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Otowi Bridge ,md San Ma.rcia.J, the controlling upper 
&nd lower river stations, respectfrely, for the principal 
unit of water consumption in the Middle section. This 
tributary in.Bow, though largely unmeasuredt is obvi
ously of such magnitude that total consumption of 
inftow between Otowi Bridge and San Marcial cannot 
be derived as the difference in river flow between ~se 
stations. The following paragraphs outline the study 
which was ma.de to derive some estimate of this total 
consumption of in.Bow, based upon the very inadequate 
data available. 

As a measure of tributary inflow, investigation was 
first made of gains in the river flow between inter
mediate stations. For th.is purpose there was avail
able the record of the river flow at San Felipe for 1926 
to 1936, inclusive. This record was extended to cover 
1890-1935 by relating monthly gains between Loba.tos 
and Otowi Bridge and between Lobatos and San Felipe 
for the period of concurrent record, a.nd estimating 
the gains to San Felipe for the earlier years from the 
resulting relation curves.· Using this extended record 
the monthly river gains between Otowi Bridge and San 
Felipe and between San Felipe and San Marcial were 
derived as shown in tables 20 and 21. As indicated, 
the mean annual ga.in.s are 81,600 acre-feet from Otowi 
Bridge to San Felipe and 61,400 a.ere-feet from Se.n 
Felipe to San Marcial. This study showed me.ny 
gains between Otowi Bridge and San Felipe where, 
for the same months, comparison of Otovd Bridge and 
San Mareia.l flows showed losses. The gains in tables 
20 snd 21 represent the excess of tributary in.flow, 
;ut::ice inci: 3eepaf;'3. ~··-;: ~~L.st111:·;;t:on :~.·~ .. .do;~ .rt ~be 
respective river sections, as derived for monihJy periods. 
Inasmuch as the flow of the tributary streams in the 
Middle Valley i.s Bashy, with flood flows extending 
over a few days only, a. study of gains based on daily 
river flows would in all probability show higher gains 
than those of tables 20 and 21. Lack of long time 
daily records, however, precluded such a study. 

The total consumption of inflow in the past, Otowi 
Bridge to San Marcial, like that in the southwest areo. 
of San Luis Valley, has, within limits, varied more or 
less directly with the available water supply; in the case 
of the Middle Valley, with both side inflow and river 
flow at Otowi Bridge, but chiefly the latter. Estimate 
of put consumption of inflow in the Middle Valley, 
therefore, involves determination of the rele.tion be
tween Otowi Bridge-San Ma.rcla.1 losses and the Otowi 
Bridge fl.ow. Assuming that the consumption of inflow, 
Otowi Bridge to San M&rcial, could be taken as closely 
approaching the indicated Otowi Bridge--Se.n Marciel 
loss during the frequent periods when tributary inflow 
has apparently a.pproaehed zero, study was next directed 
to the detennination of a large number of such losses for 
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38 Rio Grand-t1 Joint Investigation 

T4BLE 20.-Rio Grande gain, beilDet!m Otowi Bndgt: and San /i'dipe, N. Mez. 
[Unit l,000 acn-feet) 

May July 

------------1---1--- --------------- ----------------- ----
ISIICL.----·-------------·------------ 0 3.0 0 10.0 MO le.O :IO.O 2.0 O o 3.0 4.0 114.0 
189J.. •• •• • • •••••• •• •••. •••••••••••••• 0 l. 0 18. 0 l!. 0 IC. 0 23. 0 27. O 2. 0 O O 5. O 4. O U3. o 
11192 •••..•.•. _........................ 0 l.O 2:l.O 25.0 38.0 10.0 1.0 0 O D :.Z.O :.Z.O 100.0 
1893 •••••••...•••••••••••••••••• ~ •••• 0 2. 0 0 0 0 8. 0 3. 0 0 0 D 2. O 3. 0 .i,1.6. O 
~----·-········-·-········-·--····· o 2.0 o o o o o o o o ~o e.o .,3.o 1896 ••..•••• __________________________ D 2.2 15.7 H.O O 15.0 mo .9 0 0 4.4 4.2 71.4 
J&li6 ••••••••••••.•.••••.• _____________ 0 2.5 f.8 0 0 0 l.7 0 0 0 2.4 3.0 14.4 
1897 ••.•.•.•• _ •.•.•••••••••••• -....... 0 2.11 4.2 H.0 ll&O llO.O U.7 J.e O O .I 1.8 128.3 
18'11l ....• ---- .•••.•....•••••.•.•. ••••• 0 2. J O 4. 0 0 2. 0 JO. O . 8 0 0 ft. 4 5. 8 37. l 
IM.--······-····-·-···----·--······· 0 a.~ 3.8 0 O O 3.4 0 .9 O 6.0 i.8 22.J 
100)__________________________________ l.2 2.7 .2 0 0 0 0 0 0 0 2.1 2.0 8.8 
1Wl.-.---·-·············-·-··-·-····- 0 3.6 0 0 0 0 ll.2 l.2 0 0 4.5 3.5 Zl.9 
1902_ ••••.•.•• ····-·-·-·-- ---···· ••·•· 0 2. 8 0 0 0 0 . 3 • 8 0 0 . 6 3. 8 8. 3 
1983 ••..• ·-·-···-··········------····· o 3.3 28.8 1.0 2.0 MO ~.O .4 o O .8 2.4 ll8.7 
l~-------·---·--·········-···------- 0 2.S O O O O O 7.0 42.0 1.0 7.6 2.6 113.0 
1uos ..• --------······················· o 4.4 w.o 2.0 &a.o u.o 10.3 .a o o 4.o u 142.1 IIIOO __________ , _______________________ 0 ao O O 2.5.0 23.0 ~.o 2.0 0 0 KO 5.0 00.0 
1907 __________ ..••.•.•.•.••••••.•.•.•• 3.0 l.O 16.0 1,.0 l.O 39.0 4.15,0 l2.0 0 0 4,0 4.0 14-4.0 
IUOO •.••. - .•....•.•...••• _._._........ 9.0 6.0 H.O O O 1.0 ll.0 3.0 O O 2.0 3.D 48.0 
1009 ____________________ ... _.......... o a.o o 2.0 12.0 21.0 ,s.o 4.2 17.o o o u r..i 
1910 .. ··--···--·········- ·····-------- 0 l. 7 lO. 0 5. 0 0 0 0 0 O O 2. 2 2. 7 21.fl 
1921 ••••••• -·-····--··········-······· l.3 2.5 25.4 o o 4.0 Gl.0 .S O 1.0 43.0 10.5 149.2 
l1112 •••••• _ •.•.•••.•••••• _ ••• _ •• _..... 0 2.3 l7.3 0 2$.0 39.0 27.0 J.O O O .7 2.5 114.R 
11113_ ····- ······-·-······-······-·-·-· • 2 a 1 o o o o ;. 2 o o o a; a. s 1s. o 
ZIii( •••••••••••••••••••••.•••••.•••• _. %. I 3. 2 JIU O O 6. 0 40. 0 l O O O 7, 0 3. 6 &. 5 
1111a_. ________________________________ o a.o u.o a.o 22.0 ao.o 1r.5 u o o .a 3.3 11ou 
11116 .............................. _ ••. 0 8.4 21.0 8 :t.1.0 :lll.O .ZU 2.0 0 0 7.2 4.4 124.5 
llll7 •••.•••••••••• _. __________________ 0 2.8 J.2 0 0 18.0 11.0 0 0 0 ,6 2.8 36.l 
uns ______________________ ......•.•.•. o l.4 1.2 o o ,.o 12.5 o o o 3.o 5.5 27.6 
Jlllll •. ··············-·-··. ··-··-·. -·-· 0 2. 4 Il. 8 5. 0 18. 0 13. 0 40. 0 4. l O O 6. f G. II ll:2'. 6 J9'lll_.________________________________ 1.5 6.3 l&.2 0 85.0 <4e.O 211.0 .3 0 0 4.5 2.6 llle.4 
Ul2J •• •·-········-·-·-·-·····--·-· .... 0 2.11 12. 0 0 0 45, 0 I~. 0 J l. 0 4. 3 0 2. 2 5. 5 118. 9 
Jlr.!2 ••••• -•• ·-······-·-·-----·-····-·- l.5 2.8 IU O O 9.0 11.0 .3 0 0 .l (.8 36.4 
w.13------·-····-···········-··--····· 0 3.1 0 0 0 5.0 4.8 l.O 8.0 0 12.3 6.0 4().4 
lffi ••• ·•••·• -···· -·-·-- ..•. ·-···. ---· 0 3. 5 0 ~. 0 23. 0 u. 0 13. 6 .8 0 0 3. 5 5. 6 lie. O 
lffl ........ ····--------.. ......•.•.•. 0 2. 9 ~. 4 0 0 0 10. 3 3. 2 0 0 5. 3 4. 4 SI. 5 
!9:1111 ••••••••.••• -•• -.-·-·-·-·-·-····-· H.8 31.l 49.4 i'2.0 103.0 0 17.2 2.2 0 0 19.4 J0.2 3111.3 
19:17 -· ·····-·--······ --- •. ·---······•- 8. 2 7.11 7. 9 0 24. 0 27. 0 131. 0 M. 6 f7. 0 8. O JO.~ Q, l 31ll. 2 
Jffi ..• ----··-···········-····-·-····· 2.8 4.~ ~.3 2.4 0 H.O Jl.f U.4 .7 3.3 2.7 3.8 ll:2.3 lll'lll ••••••• _ •••••• _ •.• _.______________ 0 0 0 0 0 0 15.6 7.0 32. 0 i.O lll. 8 18.1 JOS. 5 
JQOO_ ••••••• ····-····-················ 5.3 0 4.i O O G.4 l7.2 0 0 ,0 0 0 =:: lll3l ••••••••••••••.••••.•.• _._._______ o .1 a.a o is.o o 2.8 .e a.2 o o 2.s 
~:1.L:::::::::::::::::::::::::::::::: i! g 1!3 ~ 2b· 0 2?.o 1g g g g g 1t~ ~U 
JQ&4- ••••••• _ ..... _ •• _._·-············ J0.2 ii.II O O 6.3 0 0 0 0 0 0 4,l 26.l 
1W.----·---------·-·-··---·-··-·····r====o=1~ ~ =o!.!.~~-1==== .. ,,,s .. 1===M=s= ~l==o=,l==1==1 . ..,5~l~t==ie=.o 
46-}'UJ' rMUJ ••.•••••••••••••••• _._.__ J,4 3.11 9.6 4.5 13.2 12.8 17.7 4.G 3.8 .4 IU 4.8 lll.ll 

TABLII: 21.-Rw Grande gaina l>elween San Pelipe and San Marcial, N. Mu. 
,, 

Yi!llt J-.nuary February .Much April Ma:,, JI.I.De Jul:,, August s..r:n- October Nol'em, Decen,. 
Iler her 

-------------
1800. - •• -· ·---. -·- •• ··-··· •• -· -··. -·-· 2.0 0 0 0 0 0 0 0 0 0 0 0 JIIIJ ________ , ________ •••••• · ····-····· 0 16. 0 31.0 0 JCM.O 7.0 0 0 5i.O 0 0 0 
llln .•••.• ···-·-·- ···-·--·- •.•••••••• 0 0 0 0 0 D 0 0 0 0 0 0 18Sl3. ··-·-·· •••• ·····- ••.•.••• -•.•.••• lLO 0 0 0 0 0 0 0 0 0 0 0 
UIIM •• -· -····· ·-· .•••••• -· -··· ••• ---·. 2.0 0 0 0 0 0 0 0 D 211.0 0 0 
~- ·-··-·····--·-·-················· lO 18.8 29. 0 0 0 0 !111.0 117. 0 0 0 0 0 
18116. - ···- ·-·············-·-···-······ 11.0 2. l 0 0 0 0 I. 7 0 0 21.6 0 5, l 
18'7. ······-········-······-·········· 0 0 0 0 0 0 0 0 17. 0 151.0 1114. 0 ll9.0 
J.M. - ••••• -·······--·-···· -·-·. ··-··· llU 12. ~ 32.2 J.O 0 0 0 0 0 0 0 0 
J811111 •• - ·····---·-····················· u 0 0 0 0 0 0 0 0 0 0 0 
ltl(IO_ ••••.••• -·-··-·-···------·------- 2. G .J 0 0 0 0 0 0 llS, J 0 0 0 
1001. - ---·-·-- ---------·-- •·•·• ••••••• 4.0 0 0 0 0 II 3.3 13.5 9.0 0 0 0 
1902_ ••••••• -•. ••••••••• • -······-·-·-· ll 0 0 0 0 II 0 14. 2 0 0 0 0 
1903. ·-··· -· ----·----····-· ·•••••••••• 0 0 0 0 0 0 0 0 0 0 0 0 11il04 ••••••••.•.••••••••••.•.••• _______ 2.8 II 0 0 D 0 0 0 0 209.0 0 a.a 
J.ao6_ •• ···-. -······-······ -- ••• -• -• --- 0 u IO. 0 ao l~O 127.D 0 0 0 0 .4 0 JQ(IIS_ •••••••• ••••• ••••••••••••• -- ••••• &!! 1. 7 111.9 0 0 0 0 0 0 0 0 27.J 
1907 .••••• ···-·-·--·-···--· ·•••••••••• .II 12. 7 0 0 0 0 0 0 42.0 0 0 0 
18(18_ •.•• -·· •••••• -- •••••• ·····--· •• -- 0 0 0 0 0 0 0 0 0 0 0 ,. ' 
111(111 ••••• ··-· ··-·-· -- ---··· - •••••• -··· UI 0 0 0 0 0 0 0 0 0 lll.11 4.8 
1810 ••• ··-·-. -·-· ..• -·-·--·- ••• •••·••• 80.3 11.0 0 0 0 0 0 0 0 0 0 0 
19ll. ·····---························· 0 0 0 0 0 0 0 0 0 0 0 0 
l8J2 •••• ··········- ····-·- •••••••• ·-·· 5.3 II 0 0 0 0 0 0 0 0 0 0 
1813_ • -- -·------·-·-·····-· ••••••••••• 0 (I 0 0 0 0 0 (I 0 D 0 0 J9H _. ·-•·•··· •••••••••••••••••••••••• 0 0 0 0 0 0 0 0 0 0 0 0 
11115 .• -· ···--. --· ••••••••• ·-····-··· •• 0 ll 0 *2.0 0 0 11. 0 0 0 0 0 0 lllH!. ••••••••••.•••••••••••••••••••••• 4.8 0 0 0 0 0 0 0 0 8.0 0 0 
JIil?. - ••••• --- ····-· ••••• -·-·-·-----·· 11.6 ll 0 0 0 0 0 0 0 0 0 0 
11118 ••• --·- .• _ -- •••••••••••••••••••• ·- l.O 0 0 a 0 0 II 0 0 0 0 ll 
JIiii ••• --- - •• ·····--···-· -·-···---- ••• 2.' 0 0 II 0 0 M.O 0 0 0 0 0 
Jil21)_ •• ·-· -• ··----------- ••••••••••••• 1.3 a, 0 l. 0 0 n2.o 0 ll 0 0 0 0 
11121 ••••••••.••••••••• ·-···· •• ··-·-·-· e.o ll ll 0 0 0 82.0 0 0 0 0 0 
1932_ ••••••• -----··-···--·-······· •••• I.II 0 0 0 0 II 0 0 0 0 0 II Jt:13 •••••••••••.••••.••••••••••••••••• 0 0 II 0 0 D 0 0 0 0 0 0 
11124 ••• ····-······-·-··-·-·· -···-··--- 13.0 13.1 U.f 14.0 ll ll ll 0 0 0 0 0 1125 ----·- .. -.. -..... -.. ---....... -.. -........ _ .......... ~ 0 ll 0 0 0 0 0 0 0 0 0 0 

CO- 002992 

Aonll.llJ 

2. 
881. 

0 
n. 
Ill. 

1117. 
3111. 

~l. 
106.. 

8. 
Jll. 
ao. 
14. 

0 
215. 
Im. 
ta 
&&. 

4. •. 
811. 
0 
6. 
O' 
0 

t3. 
10. 
II. 
1. 

ea. 
117. 
88. a. 
0 

7'11. 
0 

0 
0 

ll 
0 
8 
5 
0 
6 
g 
8 
4 
.2 

5 
a 
2 
3 
4 
0 
3 

3 

0 
8 
5 
0 

' ' 0 
5 

TX_MSJ_000072



Ge'M'f'(1), Reporl 39 

TABLE 21.-Rio Granck gaim between San Feli~ and San Marcial, N. Mez.-Continued 
[Utill l,OOOMre-l'eetl 

Year 

---------- ,_ ___ , ___ ---1---1---1,----1---1---1----t---1--- ------
lflll •....•••••••••••••••••••••• • ••••• 0 0 0 0 
!927.................................. . 0 0 0 0 
111:18. ··············-···········-··-··· 0 0 0 0 
11121/ .••. •···•••· •• •••••••••••••••••• •. 0 0 0 0 
11130.... •. .. . . •..••• ................... 0 0 0 0 
11131- .••.••..•••.••••••••••••• :....... 3.! 0 0 0 

0 3d0 0 0 0 0 0 0 341.0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 

" 0 0 lllll.O 121!1.0 12. 0 0 0 ~o 
0 0 0 0 0 0 0 0 ,.·&~ 0 0 0 0 0 1:u 0 0 
0 0 11132 ............................. -• ••• 3. 6 0 0 0 

!'.~:::::::::::::::::::::::::1 :: I ~; I !, I !. I===: 

0 18. 0 0 0 0 0 21. 6 
0 31,0 a. & a. 0 13.8 0 0 0 58. l 
0 0 0 :l3, 7 11.e 0 0 0 :!O. 6 
0 0 0 0 0 0 0 u 30.0 

.. 4 i==u=r==·'=;:0 = 2.51 = u 7.6 G.6 3.8 6J. 4 

a wide range of Otowi Bridge flows during each month 
of the year, using daily river discharge data.. These 
losses, in second-! eet, were computed for single days at 
intervals of from 5 to 10 days throughout 35 years of 
available record for Otowi Bridge and &n Marcial, 
utilizing days when the flow appeared to be uniform 
and not affected by appreciable volumes of tributs.ry 
inflow. For the movement of water between Otowi 
Bridge and Se.n Marcia.I, a lag of 2 days was allowed for 
flows exceeding 1,000 second-feet and 3 days for lesser 
flows. The losses ~ derived were plotted against the 
corresponding Otowi Bridge flows using a separate graph 
for each month of the year as shown by figure 16. 

In plotting the points originally a legend was used to 
...gregate the losses to four periods, 1890-1905, 1906-19, 
,20-29, and 1930-35. (Differentiation for the period 

i 930-35 only was fina.lly shown on figure 16.) This 
was done to furnish a ha.sis for observation of whether 
any distinct changes or trends in the loss relationship 
might have occurred over the years. The :,1er:iod 

~ : 930- ':t3 ~011en{ ~.ha .. )f ·:£le ~onsriract1on Ji- ·1fe . .:..~~·L~on ~. 
and drainage works oi the Middle Rio Grande Con.; 
servancy District. Another segregation was for the 
loss as deter.mined by "seepage runs". In October 
1913, January 1924, and October 1926, the New Mexico 
State engineer's office made a series of measurements 
of the river flow including, in the section from Otowi 
Bridge to Sa.n Marcial, measurements of all interme
diate diversions and in.flow. This was done at times 
when there was uniform river flow so that the results of 
the seepage run would give as closely as possible the 
actual river loss and side inflow between Otowi Bridge 
and Se.n M&reial. The data of these measurements, e.s 
taken from published reports, furnished three definite 
determinations of river loss and side inflow which were 
plotted as shown OD figure 16 for Ja.nue.ry and October. 
Inspection of the plotted 1>0ints shows a wide variation 
m loss depending upon t.be supply. The original segre,. 
gation of points to four periods appeared to give little 
justification, however, for any deduction of a fixed trend 

definite cha.nge in the loss relationship over the 
.iods, with possibly one exception. For the winter 

months 1\fovember to March there appeared to be some 
indication of lower losses for given Otowi Bridge flows 
in the period 1930--35. This is an effect which might 
be expected with the development of the Middle Rio 
Grande Conserva.ncy District drainage system in this 
period. 

On each of the graphs, cunes were drawn to define 
for each month the Otowi Bridge flow-inflow loss rela
tionship for the greatest losses, eliminating era.tics. 
These were drawn by enveloping the area of greatest 
congestion of points, disregarding isolated points 
representing exceptionally high losses due presumably 
to unusual circumstances of use or to faulty deduction 
because of the la.ck of willorm flow or possible errors 
in one or the other of the river flow records. In order 
to estimate the monthly loss or conswnption of inflow 
the curves of figure 16 were converted to give the 
monthly loss relationship in a.ere-feet as shown by figure 
17. Entering these curves with the monthly flow at. 
()toW'. :3ridE:e. :890 \o. '. 93,5 '')r.'~SD':U.C:ng ·nl_ues for 
i:.he .:::wnuuy 0onsum.p w:m ,.H ..nrlow· ~ 1.nis period were 
obtained. These values were then adjusted to conform 
to and be consistent with the losses indicated by the 
Otowi Bridge-San. Marcial differences for the months 
under eonsideration, and with the results of the pre
vious study of river gains, Otowi Bridge to San Felipe 
and San Felipe to San Marcial. In the adjustment, 
side in.flow was made to exceed river gains by an a.mount 
conservatively estimated to cover consumption in the 
river section showing a gain. In the case of material 
gains1 slight adjustment was made also to cover greater 
COII.Bumption due to such factors as expanded water 
surfaces a.nd overflows. The final determinations for 
the monthly consumption of inflow a.re shown in table 
22. These figures give a. mean annual consumption of 
inflow, 1890 to 1935, of 585,600 a.ere-feet. 

The dift'erence between the consumption figures of 
table 22 a.nd the oonespondin.g Otowi Bridge:.&n 
Marcial differences was credited to tributary inflow 
which reached the stream either by surface fl.ow or fro:Ql 
ground water. The values for th"e monthly tributa.ry 
inflow so derived· are shown in table 23 &Dd give a mean 
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General Report. 

TABLE 22.-Eatima4ed comumptwn of inflow to the Middle raUey, Otowi Bridge to San Marcial 

!Unit 1,000 ._feet! 

Yesr JMUlU"7 l'"el>m&n' Much April Mey June July AIIIUlt Se~- Oc&ober Novem· Deoem• 
Iler be, 

---------------------------------
lmlO •• ·--·····-·--·-··········-··"·"'"·· Jl.D 18.0 41.0 UIQ.O 130. 0 117. D !111.0 47.0 32. 0 •2. 0 211.0 x.o 
1891---·----········-----·-- --···-···· ]3. 0 li.O 49.0 8110 120.0 100.0 89.0 4g, 0 31.0 f7.0 34. 0 27.0 
!!!In •..........••••••.•.•••. __________ 12. 0 17.0 72. 0 :,00.0 JOf. 0 eb.O 60. 0 H,0 ,o J.~. 0 25. 0 l7. 0 
lffl .••..•.....••..•.••••••••..••..••• 11.0 14-0 ao uo.o 97.0 180. 0 aao 18.0 21.0 25. 0 22. 0 111. 0 
18114 .............................. ,. ... 11.0 12. 0 3&0 74.0 k.O 40. 0 Ill, 0 22. 0 20. 0 25. 0 :IQ.O 211.0 
!~.- .. ----·····---·············-· •• no 18.0 f7.0 80.0 eb.O 85. 0 ~o S!.O 31.0 31.0 29. 0 23. 0 
111915 ...... -···· -...... ·--· •... · •..••• · 12.0 16. 0 46. 0 78. 0 811. 0 so.o 29.0 18. 0 18. 0 2.5. 0 24. 0 :11. 0 
1897 ..................... -----········ u.o 16. 0 42.0 Ul.'5.0 1m.o 100.0 78.0 28.0 32. 0 411. 0 32.0 23.0 
1808_ •........• -•••• ----------·-······ 10. 0 H.O 31.0 80. 0 112.0 IMO IIO.O 311.0 111.0 22.0 32. 0 23. 0 
lffl .. ------· .. --··-·-····-··········· 10. 0 16. 0 eo. 0 uo.o IIO.O :.14.0 39. 0 %1. 0 62. 0 26. 0 42. 0 113. 0 
lSOl •••• ____________ •••...•••..•••.••. 12.0 115.0 40. 0 51.0 1115.0 •o 111.0 JO. 0 31.0 :u.o 211.0 21.0 
1901 .................................. 10. 0 I&. 0 37.0 117.0 116.0 M.O f;, 0 42. 0 211.0 26. 0 23. 0 2(1. 0 
lllO:I ••••.•••••••••••.••••••••••••••••• ll. 0 14.0 a1.o 70. 0 81.D 28.0 l7. 0 a;j, 0 ~o H.O 18. 0 16, 0 
1900 •••••••••••••••••••••••••••••••••• 10. 0 13. 0 45. 0 77. 0 JOO. 0 110. 0 86.0 27.0 22.0 22.0 22. 0 18, 0 
100!. ··--------···············. - ...... 10. 0 13. 0 ::N.0 :18.0 25. 0 17.0 111. 0 ,5(),0 145.0 60. 0 30.0 22. 0 
l~-·----------···········-·-········ l2. 0 17,0 55.0 l!0-0 110. 0 110.0 lM.O 36. 0 22. 0 24.0 211.0 2'2.0 
1900 •..... ----················ ..•...•• ]2. 0 15. 0 37.0 17.0 lllt.O 12'5. 0 88. 0 411, 0 34.0 43. 0 32. 0 211.0 
JII(); ••• ••••••• •••••••• ···- •••••••••••• H.O 17. 0 411.0 180. 0 13D. 0 190. 0 206. 0 75.0 (&. 0 3&. 0 30.0 23-0 
]008 .......................... ····-··· 13. 0 17.0 51.0 711. 0 IIO.(i ll& 0 ~.o 50.0 311.0 40.0 26. 0 21. 0 
lllllll •••••••••••••••••••••••••••• - ••••• 12. 0 I&. 0 42. 0 1315.0 250.0 190. 0 75. 0 M.O ,l,.1,0 40. 0 28.0 22.0 
1910 ..... -···-·· ----·----·---- ••.••••. 12. 0 lil.O 711.0 125. 0 130. 0 M.o 10.0 23.0 I). 0 21.0 28.0 21. 0 
191l. ................................. JO.O 17.0 &O 78.0 no. o 117. 0 100. 0 46.0 37.0 80.0 152.0 32.0 
IG12 ......•.•.......•.....•.......•••. 13. D 17. 0 48.0 76. 0 230.0 uo.o 82. 0 42.0 3LO 30.0 2'1.0 21.0 
11113 •.•.. ··•·• •••...••..••••.••.•••.•• 12. 0 16. 0 :11.0 iS.O IIO.O ao. 0 411.0 17. 0 23.0 38. 0 211. 0 22. 0 
11114 •••.. _ ............................ 12. 0 l7.0 48,0 l"l'.O U2. 0 115.0 1IO.O a.LO 51. 0 42. 0 30. 0 22.0 
191.~.------------·····--·············· 12. 0 16. 0 ~o '3.0 98.0 210.0 715.0 47. 0 32. 0 30. 0 26. 0 23. 0 
1916 .............. ·········--··- .. -· ·- 13. 0 17. 0 58, 0 711,0 119. 0 HO.O 76,0 MO 34.0 al(),() 33. 0 2-5.0 
1917 •••.....••••....•••..••...•...•... 13. 0 17. 0 £0 n.o 116.0 108.0 92. 0 36.0 25. 0 24. 0 27. 0 22. 0 
1918 .................................. ll. 0 111.0 U.0 1!(1.0 QI.O 85. 0 83.0 27.0 o.o 27.0 27.0 24, 0 
1919,. .. _ .......•... , .•...•... -, ...... 12. 0 JII. 0 47.0 J!0.0 100. 0 92.0 1io.O 411. 0 30. 0 34.0 211. 0 2.\ 0 
!no,----··--····················-···· 13.0 20. 0 47.0 'ia o .. 0 HO. o 111.0 44. 0 32. 0 33.0 30. 0 :34.0 
11121. ......••....•••...••. -•.•.......• 13. 0 17. 0 411.0 11.'l.0 115. 0 105.0 82. 0 .l41.0 42.0 32. 0 29. 0 25,0 
IIIZI ••••.....•••.•.•••...••..••..••..• 14. 0 17. 0 46.0 72. 0 117.0 97.0 70.0 :11. 0 1a. 0 111.0 M.O 35. 0 
11123 •.•..•.....••••.•••••••••.••...•• _ 13. 0 l7. 0 •ii. 0 l'0-0 100.0 115. 0 58.0 48.0 47.0 47.0 34. 0 211. 0 
Int .................................. 13. 0 l9.0 f2. 0 86. 0 110. 0 112.0 65.0 31.0 23.0 211. 0 42. 0 41.0 
JW,S, •••• _ •••••••••••••••••••••••••••• 30.0 17.0 46. 0 711.0 80. 0 48.0 58. 0 S7.0 32.0 311.0 30.0 26.0 
111:16.--·····················-··-······ 211.0 40. 0 118.0 77.0 110.0 1!111.0 50. 0 21.0 2:.0 Zl.O -66.0 24.0 
1927 .................................. 12. 0 17, 0 +t.O 17.0 15Cl.O 113.0 1615.0 43.0 50. 0 47.0 32.0 ll6.0 
1028_ •••...••....••..•••••.•••.•• _____ 14. 0 17.0 46.0 7o. 0 100. 0 8.5.0 25. 0 70.0 111.0 18. 0 32. 0 21. 0 
11129 ••...••....••..••••.•••.•••..••..• lll.O 16. 0 43.0 73.0 97, 0 111.0 u.o !Ill. 0 00.0 4S.O 32. 0 26.0 
1930 •••.••••....•.••.••..•••.••..••... 14. 0 18.0 '2.0 '18.0 118.0 7S.O &f.0 ~.~. 0 25. 0 37.0 27.0 23,0 
llr.ll •.•. _ ...•...•.•..••.•••••.....•.•. 12. 0 17. 0 43. 0 m.o 83.01 :is.o 24.0 23. 0 311.0 37.0 26.0 23.0 
!!?·································· 12. 0 111. 0 52. 0 IM.O 1311.0 u IID.O 38.0 no ao ~o no -____ ...... ___ ...... ___ ...... ___ ... ___ -- -~- -· -- 12. 0 111. 0 42. 0 S7.0 IID.O 112.0 no ao.o no 26.o Mo no 

-----------------------------·· 12. 0 17. 0 36. 0 62.0 45.0 li.O H.O 17.0 22.0 20.0 mo ~o 
·---------------·--------···- .... 12. 0 16. 0 211. 0 55. 0 112.0 ~o 72.0 50.0 ~o Ko ~o no 

~r==~.o =ru1 k.41 Ml t 38.6 =ru1~, 211-8 ! 23.6 .r mean •.•••••••.•••••. _ .•••.... 12. 7 8.'U 

TABLE 23.-E.nimated e~ inflow to the Middle Valky, Owwi Bridge to San Marcial 
!Unit l,000 e.~feetl 

41 

Annual 

1178. 
ISM. 
e:19. -tlO. 

:t 

0 
0 
0 
0 

g 
0 

81&. 0 
5.'W. 
535. 0 

0 

0 434. 
•Bi. 0 
317. 0 
552. 0 
440. 0 
570.0 
722.0 
ll99. 0 
.lll7.0 
91!. 0 
559.0 
~-0 
136. 0 
4&1.0 
~11.0 
ell7. 0 
G79.0 
5711. O 
s1e.o 
604. 0 
179. 0 
811.0 
533.0 
5Ge. 0 
Ma.O 
538.0 
GOO. 0 
756.0 
S13.0 
~o 
15.'l6.0 
425.0 
$3'1' 0 
'37. 0 
301.0 
547. 0 

= 
5115.8 

. · .. -

Year Ja11Del'y P'IIOf'Ul11 Mil.rch April May J'UD& July August ~- Oc:l<lber Novem• Decem• Allllual her ber 

------------------------------------
UIIO •.• .•..•.•..•........•....••...•.. 8.0 11.0 34..0 12.0 ao. 0 G2. 0 22.0 no 23.0 l. 0 8.0 14. 0 264. 0 
1118l ••... _ •.•••...•••••••••••..•••••• 7.0 311.0 104, 0 ll!i.O 4'lQ. 0 1311.0 411.0 111. 0 &4.0 37.0 II.I) 6.0 1138. 0 
uu:i ••.. , ...••••••••••••••••..•••••••• 11.0 16.0 24.0 33. 0 117. 0 41. 0 46. 0 1. 0 2. 0 0 3. 0 6.0 2118. 0 
111113 ••.....••• __ •..•••...•......•••••• 14. 0 12.0 17.0 10.0 ·t7.0 7.0 3. 0 0 0 0 0 13. 0 ll13. 0 
111114 •••..•• -- ••.••••••.. ·•···• ••• ·-··· 15.0 13.0 11110 kO 44. 0 io.o 18. 0 0 3.2 M.O 0 7.0 IM.2 
................................... 10. 0 37.0 VJ. 7 :n. 0 :M.O 52.0 125. 0 138.9 13. 0 ll. g s. '1 17.2 1111'1.4 
---·-··········--·················· 16.1 ~u . !I.II ao 47.0 8. 0 32. t 8. ~ 7.9 42. 3 11.8 211.l 282.2 
1897 •.....••.•••..•••••••.•..•••..•••• 1.8 II. 2 22.0 l&O 1a.o 100.0 44. 7 11. 7 1~.5 U/S.O 136.1 143.8 1137. 8 
1!1118 .•..••.•. -- ••••••••••••.•• ------ •• 411. 0 48. 6 D9.8 86. 0 M.O 7. 0 116. 0 10.6 3. 4 .1 11. 11 7.2 07.2 
lM ........ -.........•. ·••········•·• U.11 5. 0 u &. l 7.0 I, 3 :,0.8 7,2 1.8 . l 6.! G.11 112.6 
1900 •••••...•••.•..••••••••••••..••••• lS. 8 17.8 :au i-8 7.0 77.0 .8 0 ]7.l, .3 3. I 2.1 111$. 6 
UOl. ................................. !I.G s. 0 11.3 7.3 33.0 50.2 151. 5 a1 U.J 12. 8 115,, 6 10. 7 2117. 0 
IJCr.l •••••••••••••••••••••••••••••••••• 4. 1 4. 2 15.3 lU :IIO. 2 G.2 .3 4,110 tu .8 (. 2 IU 133. 2 
U03 .••••• -----······················· 4.1 IQ. 2 1U 6. 0 u.o Ill.I) 28. 8 3. 6 1.1 .1 13 13.3 1&6. 6 
1904 .•••. , •• -•.•.•••••.•••.•••.••..•.. I.II 7.1 IU ,7 .8 0 11.' H.O 41. 7 :l'/'0.0 32.4 21t.4 421.8 
ltlOli •••••••••••••••••••••••.•••••••••• 7.11 2U lH.D uo.o 287, O 231.D 3G. I 17,4 4.1 15.3 32. 4 18.4 1143. G 
uoe. ... ·····················-········ 1.2.& 19. 7 47.9 85 0 IIID.O 2.IS.O 151.0 11.2 11.6 12.8 31. 8 611.1 llll8.5 

1I07 ····--···--·----·················· 17.11 117 au l&O 11. 0 ""0 411.0 13. 0 80. 0 Al> 33,6 28, 1 G.6 
---·········-······················ 13.11 27.0 Jll.4 eo.o 46.0 :1111.& 48.0 48. 7 • 7 .8 1110,9 211.4 no.o 
IWU •••••••••••••••••.•••••••••••••••• 14. 8 10, 3 3U 4-0 J!I.O KO 211.4 12.11 :».o 18, 5 a&.~ 28.ll •1 
1910 ••••.••• -••••••.••..•••••..•••.••. &U 36. 7 ]4. 0 10. 0 lll.O 17. l , l a. 2 &O .IS 3.1 11.11 142.G 
1111 .................................. 2.15 lL:1 43.! 18.11 1.0 :rt.O 10.0 118. 7 11.9 37.0 49.0 ll,11 llla.8 

m:::.: :: :::::::::: ::::::: ::::::: :::: 14. 7 18. 6 ao. 7 kO 31.0 '8.0 '19.0 11.8 ,3 .8 18.3 13. li 111!1. 7 
1.G 18.2 2a. 4 :118.l ao Al 11. l . 4 :ll 21.2 14.11 11. 7 '84.8 

llll4 ••••••••••••••••••••••••.••• - ••••• 11.2 14. a 2U Zll.0 11.0 AO 110. 0 22. 2 .8 32.2 17. 2 25.G m.o 
191~---······· ..••....•••.••••••••..•• 11.2 14. 0 26.2 120.0 IZ. 0 116.0 lOIU 22. 0 e.a 3.1 13.2 111. 7 -· 19111 •. ···--······-·····-·············· 111. 7 14. 6 ao 47,0 ao no ::au ms 1.7 47.0 28.8 18.3 1111.S 
1917 •• -•••.•••••..•••.• --·· -·-··· ••••• JIU J&f 17.0 I.II 2IL 0 :1111.0 'l'O.O u u .2 4. l Ul.2 1118-4 
1118 ••...••.••.••.•••••••••••••••••••• G.3 1.2 :U.8 lt. l :111.0 lG.2 ItU ,U 0 7.0 1L3 2C), 2 lA3 
191U •••••••••••••••••••••••••••••••••• 10. 7 17.8 •• 1111. 0 11.0 68.0 mo 41.9 ., 14. 0 115.4 28.0 1111. l 
1930 •••.••••• · •••••.•••••••••••••••••• U.8 a.1 4.11.4 no l"IS.O B.O ao ::au .e 1. 0 13. 8 US.6 Ma. 8 

1m -· -·:::: :::::::::::::::::::::::::: 12.9 14. 4 :au 14.1 12.0 no lllO. 0 :13.0 u 10.6 18.11 311.1 41113.3 
J9.0 115.8 2S.ll 46. 6 «1.0 118.0 au -3 0 • l . l II. 8 280.6 

11123 ....••••.•••••••.••••••.••.••••.•• 11.G 10. 2 a2 au 8.0 16.0 28. G kl IIIO.O &II 40.5 24. 2 IN.II ,,_ ·········-···················· 16..4 11.7 SU mo KO n.o .. , 7,0 :.a -~ 4.3 11.7 *· 11 .... -~ ............... ~ .. -·-----... --___ ....... LI 4.1 7.11 :IU 14.11 u JIU 3.15 11.i a.11 &.II 13.0 JU.II 
__ .... -................................ -.. -- .. ~ ......... Jl..4 11.6 111.4 *1.11 JOI.O a.11 :11.2 u u u :lll.4 11.1 lllll8.l 
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42 Rio Graruu Joint Invutigation 

T.u11.& 23.-Eitimuu:d gn,butary inflolJ.' to the Middle VIJUey, Orowi Bridge to San Marcial-Continued 
[Unit 1,000 amt-I"'] 

lua 

----------1----------------------------------------
11127 •••••. ••••••••••·••••••••••••••••• 111211 ••••.••.•••••••••••.•••••••••.•••• 
11129 •••.•••• ••••••• ••••.••••.••••••••• 
11130 •• ••••••••••••• •••••••••••·••••••• 1113" .••.•.••••••••.•.••.••••••••••.••. 
1932 ••••.•••••••••.••••••••••••.•••••• 

;:!: : ::::::::::::::::::::::. -:::::::: 
lll.'lll •••••••••••••••••••••••••••••••••• 

Iii. 8 
12. 9 

3. 8 
10.6 
14. 6 
18. S 
14. 9 
19. 7 
:112.7 

g, 8 
14. 9 
7.3 

11.8 
111.4 
111. 4 
1.:.1 
16.8 
Zl-8 

== 

12. 7 
20. 6 
22.5 
4&6 
211.5 
20. 2 
:IIO. 0 
llU 
23,3 

M-:,ear m~. •••• •. •• •••••• .• . . •••••. 12. 7 17. 2 31.4 

I 1 ! I 

NQVEM§ER -

I I 

34. 0 J;I.O 
13. 8 4. 0 
31.8 ss.o 
41.0 S7.0 
44.8 51.8 
3.0 ao.o 

14. S 7.5 
21. 4 G.O 
20, 7 73.0 

= = ll6. ~ f8.8 

I 

1eo....__..,.__-1---1--1---1 40""1---+----+----+--t 

QECEMBEIR_ 
1401----+--....----,1-+--t----t 

,.. F'E&JUARY- -
ltO...__...__ ........ __,,,......,..._.._.. 

r.n 1001---....-------;----1 
I-
i JANUARY-

: 101---+-+--H---+--++--i 

g 
II. 

II.I 1101---...-,--------1 

: 40 ...... __ .,._J ...,,-..;J...,,......,/'--1-__ --t 

2 I ii/ -I ic1:----1r-+_.,,.,..,__..,..---1 

-
SEPTEMBERL 

- OGTOBER1 

37.0 133. 0 55.~ 8:?. 0 
SII.O 0. 9 .M.8 •• 7 
IG. 0 31U 173. 0 210. 0 
40.9 77. 7 ln8 2.9 

4. 6 10.4 7.3 37.0 
fl. 0 JIM. 0 87.2 7.9 

100. 0 38. 3 37, 7 JR.O 
,g .s 34.2 2 •. 6 

1113.0 JU. 7 73. 9 37.8 
-= = = = IIO.I 11.7 27.l :ll. 0 

21.0 21. 2 
0 3. 7 

tit 0 42. 2 
.6 3.11 

:lll. 6 16.1 
II. 7 U.4 

11. 7 Ii. 3 
l,5 I. 2 

16.6 25. l 
= = 2:U 17. 6 

~.8 
111.1 
a.o 
19.0 
Zt.4 
ID. 7 
:11u 
lll.5 
30, 0 

= 
21.0 

473. 6 
210.4 
8&5.1 
341. 8 
2RS.r1 

'&~J 
186.J 
m,.a 
:i.r.8. 7 

annual side infl.owt 1890 to 1935, of 358,700 acre-feet. 
These data. give a very poor correlation with available 
records of Bow at gaging stations on tributary streams, 
but the latter are very incomplete and meager. A 
fair correlation is indicated with the mean annual water 
production as previously developed for the southern 
unit of the Middle section (see table 199 in Appendix 
B)t after the latter is corrected for the irrigation con• 
sumption on the tributary streams. Many incon
sistencies appear in a. comparison by individual years. 

In order to smooth the effect of annual irregularities 
and to bring out more clearly the relation between and 
general trend over the years of the total inflow I Otowi 
Bridge to San Marcial, its consumption and the residual 
flow at San Marcial, progressive 5-year weightecl 
means of these quantities were computed and plotte 
in figure 18. The curve designated "availa.ble inflow" 
was made up from the sum of the Rio Grande flow a.t 
Otowi Bridge and the estimated side inflow as given 
by table 23. The "consumption of i.nflow" ~ur•,P, 'V~s I O ~'~ 2b I 30 I -

~ / I , 1 I I I ·, ier-~c.'.:-')ill ~!l . .'!g"cm~s ;f :aoie ~::.· rna :.ae .'.UI'!B ).! 
~-·~~ , 

:•oo~ ... -~~~~~--~--~ 
1U 7001----1-----+----+---i 
0 
z 
"' a: 
e> aco1----1---t---t---1 
0 
ii 

~S®t--+-~-+--t---1 
... ... 
0 
2: •001---+--+--tl-----t----1 
::, 
a: -

~\ 
4001----+--~-+---,r-+---t 

MARb""' 

-

.ll'JGUH 17.-~tlon of 01-0wJ Brldp .lie,... to ooDSWDplloo or Mlddk Valley l.aJlc,o·, 
O!owl Br!dp to San Mareial. For IDODOls of lanu.aty to Dftember lliW-lSl.'IS. 

'residua1 rlow at San Marcial" from those of table 161 
in Appendix A. No marked long-time trend in con
sumption of inflow is exhibited. Rather, it is indicated 
that little change in this consumption, except that due to 
variation in the water supply t has occurred since 1890. 

Because of the uncertainty with :respect to tributary 
inflow, put stream-flow depletion in the Middle Valley 
is, as previously indicated, highly indeterminate. The 
method employed herein to estimate it involves selec
tions which are more or less a matter of individual 
judgment. Because of the unfortunate le.ck of basic 
data there is, howevert no method of approachingthis 
determination which does not rely to some extent on 
the judgment o! the investigator. If the effect upon 
the Elephant Butte-Fort Quitman section of present 
and given future conditions of irrigation development 
in the Sa.n Luis and Middle sections is to be determined 
upon the basis of stream flow in the put, it is indis-
pensable that some knowledge or estimate of past 
depletion be availa.ble so that the past San Murcia] 
flows ca.n be modified by the differentials between the 
past and present or futUl'e depletion. The estimate 
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J'Jllt!U 18.-A vallablt 1111!0..-, COIIIWIIPtiOII ot fzl!ow, lllld l"ell!dual !low It Su Mlr'CW. Middle Rio Orande Valley, Otow! Brlda:e to Bim Marelal, 1890-1936. (A '1'11ilable ln4ow 
laRlo OrandeJlo'III' at Otowl Brld&:e p.!us~11de!dow, Otowl Bridle to 8&n Mlldal. Cur,esllll! plotted lrom~ve5-yea.r welihlad 111- of IWllual data.} 

herein of psst depletion in the Middle Valley was de
Ted to meet this particular requirement of 1u:ui.lysis. 
though subject to relatively wide variation in deriva

tion because of the indeterminate character of available 
data, this estimate is believed. to approach within 
reasonable limits the actual consumption of inflow 
·11hfrb. ·Jcca.rred. 1nd ':,o ':1e 1der!•1ate :o~ :>11r::;oses J! 
·J.na1ysis :.i, ::rnsec :.hereon, J. :easoiaoiy wici~ .ia.titude is 
maintained in determin.ing the sufficiency of water 
supplies or additional requirements for water. The 
estimate is not, however, considered. to be sufficiently 
close, nor is it thought possible with available data to 
derive an estimate which would be sufficiently close, 
to permit of exact or even close deductions with respect, 
for example, to the effect on the ngimcn of the river 
of the works and operations of the Middle Rio Grande 
Conservancy District, or to the effect of certain condi. 
tions obtaining in particular years. 

Deduced San Marcial Flow.-In. the preced..ing deriva
tions the San Ma.rcial flow used was that published by 
the Geological Survey and given in table 161 in Appen
dix: A. In a number of report.a a question has been 
raised concerning the accuracy of portions of the San 
Marcial record. In order t.o check the record, at least 
for la.rge discrepancies, a study was made to estimate 
the :inflow to Eleph&nt Butte Reservoir at San Ma.rcial, 

-~'~ the records of reservoir storage, releases, evapora-
11 and rainfall available since January 1915. The 

..ords of reles.ses and evaporation used are given in 

tables 187 and 123, respectively, in Appendix A. 
Monthly change 1n storage was computed from a 
compilation furnished by the Bureau of Reclamation 
showing storage on hand on the first day of each month. 
These storage figures, shown to the nearest thousand 
a.ere-feet in table 24, have been corrected for reductions 
:11 -~se~0ir ca.nacitv due :{) :1cc'.::r..•Jiatio'ls Ji silt :ram, 
Sepwmoer l925 ~ December 1934, inclusive, in 
accordance with the silt survey of September 1925, 
and from Ja.nuary to December 1935, in accords.nee 
with the .April 1935 survey. 

Evaporation was computed by applying a correction 
factor of 0.687 to the Standard Weather Bureau 
class .A pan record at Elephant Butte Dam covering the 
periods 1915 to 1925 and July 1933 to June 1936. This 
factor for reduction of pan to reservoir evaporation is 
derived from the Rohwer experiments as reported in 
Technical Bulletin No. 271, December I 931, of the 
Department of .Agriculture. In averaging the pan 
records, those for the period January 1926 to June 1933 
were not used since it was indicated that evaporation 
was then affected. by shade from trees near the pan. 
The correction factor applied to the averaged pan 
reoordB gave the monthly values for reservoir evapom~ 
tion listed in table 25. Using a tabulation of mean 
monthly storage content furniBhed by the Bureau of 
Reclamation. the computed rates of evaporation were 
applied to the mean reservoir surface are&. for each 
month as determined from area capacity relations 
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TABLE 24.-Storagl/l in Elephant Bidle Reservoir 

-------------1----1------------------------------
191& ••.....•••••••••.••.••.••.••.••..•.••.•.........•••.••. 
1918............................................. 36i1 
11117 •.•••.•••.••.••• ··-···. : •.••.•..••. ·- •. • . . .. . 11&1 
1918........................................ ..... Ma 
11119............... ....•.•••.•..•................ 223, 
l9'.l0......... ........ ... . . .. .. ..•... ............. 1,041 

mL:::::::::::::::::::::c:::::::::::::::::::::: ~::l 
J!r.13............................................. l,ffl 
lln-l................. ............................ l. 865 
19Zl5 •.•...•.....•...•..•...•.•. ······-. ·-........ 1.1!71 
19116 .•. -·· ..••..•..•...•.•..•.....•..•••..• -·.... ilM 
l'lr17 .......................... .,.... .•..•. .•..•.. 1.008 
lg',18 ...... -· ••.........• ·- •..•. -- .. -..• -- . • .• .. . . 1,381 
.192!L..... •. • ... ... . . . .••......... ••.••. .• . . •• . . 1183 
IWIJ.. ....................................... •... l, ~I 
lUll....................................... ...... l, Z73 
lllllZ ••••••••. ···- •. -- .. ·-· ••..•..•....••.•. --·... 11.1,4 
11133 •.....• --- •••.•.••...•.•..•..•.••.••..•... -- • J, 305 
11134............................................. l, l:IO 
1935 ... ··•·• •.••.. -- ..• ---·- .•..... ----- -·... ..•. 470 

9 
404 
818 
582" 
267 

l, 000 
1,753 
1,840 
l, 411l 
l,Mle 
1.1162 
l,o:.J 
J, 125 
1,410 
~ 

1,588 
l, 307 

04W 
l,f32 l,= 

From recmls of Rio On.llde Project, U. !l. BOf"8jl.U or :Reclamation. 

17 Ill 
406 4111 
752 1178 
S28 800 

2112 -l, 120 l, ll9 
1.m 1,707 
I, 811 l, 771 
I, 450 l,427 
1.31113 1,573 
1,645 J,1182 
1,033 1,031 
l.J21 1,081 
l, 418 1.ffl 

!IQ'.) 002 
l, 575 l,.l,,!,3 
l.~ 1,:291 
1,002 J, 03& 
1,434 1,395 
J, 151 l,Oiile 

428 ,506 

-a 
11111 
ff7 
m 

l,145 
l,mB 
1,707 
1,358 
J,113!1 
J,W 
1,046 
l,Cffll 
1,273 

11()1 
I, 90J5 
1,2-U 
1,172 l,= 

436 

452 
~ 
7119 
458 
9M 

l,MO 
l, 11114 
1.880 
I, 604 
2,~ 
I, 43& 
1,331 
1.~ 
I, 424 
1,071) 
1,599 
l, 217 
1,817 
I, 213 

8{H 

490 

4Q6 
800 
QM 
(34 
1176 

2, Oll3 
2,077 
l. ll90 
1,!22 
2,141 
l, 302 
1,413 
l, 273 
J,379 
1,070 
l, 5:ll 
1,0111 
l,~96 
1,392 

787 
8T.I 

515 '"2 375 ~ 358 
~ 80C 7~2 887 1142 
ae4 8i8 131 l!07 Ml 
&5J 'Z'/7 203 llllO 187 

l, 112 l,O'l'II 11811 IIG(l 1.000 
2,(M8 1, 1153 l, 81Q ;:~~ I, 744 
2,091 2.081 1,m l, 830 
1,852 l,ff7 l. 819 l,ffl l.~l 
1,382 l,:lA\5 1,380 l. 418 I, 007 
2,031 1,842 I, 7l!O l, 719 l, 1182 
I, 170 1,088 l.~2 1,m 9b6 
1.3211 l.1911 l, 115 1. Oll8 1,079 · 
1,:167 1,194 l, 2811 1,347 I, Sfl8 
1,221 l, 104 1,007 m 1111 

11911 1.155 I, 3t,O 1,43! 1.505 
1,471 1,384 1,286 1,257 1,254 

lil!'i6 873 IMO 892 888 
l.~78 l,~7 1,389 1,381 l, 3111 
1,2114 l, 181 I, ll9 1,108 1,125 
~ 518 492 494 4913 
!8) ~ 582 801 1133, 

NOfl..-In t.b• tlguna np to September 1112.'1 no eornetlon llP been made for reduetfon fn Tt1Mrvolr capacity due to am 11,CCUmulaUom. In tha IIK"Ures from !lep\elnbar J<;rJS to 
~her 1934, illcl!!Slve, ootNetlous hue ban made In~ wltb the silt SUJ'V&Y ol Sepl.ember 1925 od from Ja.nll.U'Y lo n-tnbar 11135 Jn eoeord,.Dllll wllJ:I the'°"" o! 
A.prlllW. · 

shown by the original survey for the period January 
1915 to August 1925, by the 1925 silt survey for the 
period September 1925 to December 1934, and by the 
1935 silt survey for the period January to December 
1935, to derive the total monthly evaporation in acre· 
feet. 

T.uu,E 25.-Eooporalumfrom Elephant BuUe Reservoir 

IA Vel"llP monthly ~var,oratron In feet] 

Month 

J'IIDDlll'Y ••••••..••••.•••• 
:February •••..••.••..•..••. 
Marcll ••..•••.•......•.•... 
.4,ptiJ ..................... . 
\Cay ..... : ................ . 

i~n;--·--··· .. ···-··---···. I 

Evapora
tlon Month 

0
:: ti~bei:~::::::::::::::: 
• 48 Oct-Ober ••.•...•.........•.. 

14 'fov•m b<>t .. 

J1 !I :~;:-.·.·:::::::::::::::( 

Evapora, 
Uon 

l!.00 

Derlved by application or ooefflclent or O.ffll.!7 to av!'l'J!lie of Weather Bu!'fflll clus A 
evaporatJon pan rea,rd.s at E!epb1111t :Sutle Dam, IU15 to l~ a.nd July 1933 to Jun• 
ll!U, 

Ra.inlall accretion to the reservoir was determined 
similarly by applying to its mean water-surface area. for 
ea-eh month the corresponding monthly precipitation 
at the Elephant Butte Dam 13:tation. 

In Appendix B the tributary run-off of the San 
Marcia.I-Elephant Butte unit is developed from pre,. 
cipitation data by comparison to the precipitation
ron-off relations found for the Elephant Butte-Leasburg 
and Leasburg-El Paso units. The run-off so derived, 
shown in columD 4 of table 202, Jess the flow of Alamosa 
River which is used in irrigation., wu ta.ken in the 
present study as representing the arroyo in.flow to 
Elephant Butte Reservoir. Mont.hly distribution of 
the annual inflows was based upon the correspond.mg 
distribution of precipitation at the stations used for 
this unit. 

An estimate of reservoir seepage was made by com
paring the total visible surface inflow as given by the 
data of storage changes, releases, evaporation, rainfall, 
and arroyo inflow to the measured inflow at San 
Marcial for the period January 1926 to May 1934. 
With the exception of l month in 1929 and 3 months 
in 1932, the recorded San Marcial flow appeared to be 
more uniformly consistent with the estima.too. mi'· 
as derived by this study and hence to be a comi 
tively good record. The reservoir content at ......_"' 
beginning and end of this period was practically the 
same, so that the effect of bank storage and release 
was eliminated. For the 101 months of the neriod. 

0 J.. C,.... ... ...,,, > .: :: .::;- ""T"O. .... "'3 ~ ... --..,;"' ' • ~ ; p ~ .. 
. .. .ue "·"' . .1. • ..... -;;~-:..c~. lv,,uDUvJ.OJe :-0 S0e!)ag'~, llnOUDtcd 

co 559,000 acre-ieet, or a.n average of 5,540 a.ere-feet 
per month. A seepage correction of 6,000 acre-fee.t 
per month1 April to September, and 5,000 acre-feet per 
month, October to March, or a total of 66,000 acre
feet per year, was applied throughout the period of 
:rooord. For the years when the reservoir first :filled 
this correction is probably too small but no attempt 
was made to e.11ow for this priming. 

The monthly inflow e.t San Marcial, 1915 to 1935, as 
estimated by this study, is shown in table 26, and is to 
be comps.red with the recorded in.flow as given in 
table 161 in Appendix A. A comparison of the a.nnua.1 
inflow as estimated and as recorded is shown in table 271• 

These com pa.risons reveal wide discrepancies in certain 
months, particularly du.ring the flood season. Small 
dilferences may be attributed to incorrect esGtnates of 
arroyo inflow, to variation in monthly rate of seepage 
including bank storage a.nd release, or w small errors 
in the measurementB of one or more of the various 
records involved. .Analysis of the major discrepa.nr'-
indicates that measurementB of inflow at San Mw\ 
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T AlilLl!l 26.-&timated infu,w to Eltpham Butte Rermioir al San Marcial ' 

[Computed from dal.ll ol storage clumps, re~. eniN>ratlo11, ralnla.11, .lllld eetfm&f.ed -PIP and llffl)Jo lrulow, ror oompul!on with !'1!00rded San Man:lal tfow, !able l6J. 
UDlt l,000 -..teetl 

Year 11.1:!IU,l"y Febl'UU'l' March April May 

---
915 .......... ---··· •.•••..••• ···--· .. if 13 82 2113 
&I~ ..•••..•.•••••••••••••• - •••••• -·· - 53 53 l&I 223 

1917. -· •••...••••.••.•••..••.•••.••..• lie 60 4.'l lOIII 
1918 ...•••.•••.••• ---· •• - -···--·-·-· -- 33 211 SQ 51 
19lQ ...• ·-·----···········-··········· u 34 Qilll 314 

11:lO ••••••••••••••••••••• ,;:: •••••••••• 47 &I 77 134 
11121. ...•••••• ---····· ••.. - -··-· .••... 37 28 80 a 
lffl. - ......••..•...•.......•. ···--··· 37 31! &2 G8 
IIIZ.'! ...•••• --.•• - ••• - ................. 41 M f7 M 
l~---··-··---····--·-··············- 42 07 112 tQ) 
11125 ..•••. - ..•• - - ..•••••..••.• - . - ••••• 6 31! 43 102 
111211 ....•••...••...•......••..•..••••• "' 42 71 137 
1027 ....••.•....•...••............••.. 41 "' 36 142 
111:18. - ················------ ··•···•·•· Q 60 4, 41 
11129 .... ---·- -·······················- 32 31 60 78 
1930 .................................. 37 ~I l!8 !Ill 
1931. ·•••••··· ···············--·-····· 43 156 45 51 
1932 .••.••••••.••.••••••..••.••••••.•• 47 72 Ill 

il 11133 ... -------······················· - 411 44 61 
11134 •..••••••••.••..••..••..•..•••.••• 411 50 211 
!935 ••.••••••••..••••••••••.••.••••••• 42 3i 32 

during flood stages are probably more inaccurate than 
measurements of resen-oir release or content, and that 
the former measurements are usually high. These 
large differences are most frequent in the years 1919 to 
1924 and in 1932. In 1921 they are to be noted in 
almost every month. Comparison of the recorded and 
deduced inflows for the months when it appears prob
able that the former may be considerably in error is 
given in table 28. 

There are indications in some months of errors also 
in the records other than those at Sa.n Marcial. The 
monthly differences which show these are, with few 
exceptions, under 10,000 acre-feet. In some cases a. 
negative San Marcial inflow is shown, and in others a. 
small inflow is shown when the recorded flow is zero. 
Comnarison of the recorded 'l.Ild -ieduced :nflows :or 
'.b.e .:nont.ns :vnen iirl'eren.ces 3XC~ei.Iing .1),vOO ncri. 
feet indicate the probability of errors in records other 
than those nt San Marcie.I is given in table 29. 

Tuu 27.-CompariBl'm of utimated and recorded inflow to 
Bl.epham Bidle Reservoir at San Marcial 

!Estimated IDflow derim from dataofstonal! cbangl!II, ffllllllllffl,enporatJoD, n.mlall, 
ll.lld utlmat4!d ~ l.lld 11m170 lru!ow. Ollit 1,000 ~t] 

Year 

11115 ••••.••• ··-- ••.••.•• ·-- .• •••••••·• .... 
1918 •••••••••••.••..•• -· •••••.••••••••••.• 
11117 ......................... -···· -·-·-- •. 
1918 .•••••••••••.•••.••••••••••.•••.••.••. 
1919. -·· ••.••. ---·. -·- ••.•••.••..•.•••••.• 
!bl ...........•.......................... 
11121 ••••••••••••• ·---·-···- ••••••••••••••. 
11122 ••.••.••••••••••••••••••••.•••.••••••. 
lil:13 .••••••••..•••••• --····· •••••••••••••• 
!924. - ••• - •• -··--· •••• -· ··-·· •••••••.••• -· 
IW ••......•..••••.••••.••••••.••••.•.••• 
I~ ••.•••••.••••••••••••••••••••••••••••• 
1927 ••••.••.•••• ··--·-······---·····-····· 
11128 ••.•••••••.••• ------···· ------ ..... " •• 
111'39 ••.•. -·· ••• ·-- •••• -· ••.•••••••••••.••• 
1930. •••••••••••·••••• ••••.••••••••••••••• 
lllCII. .••••••••••••••••••••••••••••••.•••.. 
lllil2 •• --•••••••••••••••••••••••••••••••.• -
11133 •••.•••••••••••••••••••• --··-- ·--· •••• 
lGIM ••••.••••.•••••••••••••••••••••••••••• 
1935 ••.• ·-·· ••• ·-·. -·· -- ·····------······· 

M-. .......•.............•............•. 

Rtoorded Eat.lmated Dlfl'.erenoe Wlaw lllllow 

1,3M ],21:f -UO 
l,Mll 1,1139 -IO 
1,056 1,12a +n 

41l 487 +'le 
l.579 l,IQI +~ 
UZl 1,807 -4111 
l,MS l, :Ill -114 

9e3 1IQ3; -80 
1,224 1, 1ao -74 
l.'311 1,3411 -811 

4111 414 -6 
1.017 1,0:k -23 
1.1411 1,143 -e 

ll91 812 +21 
UM 2, lll8 -137 

731 7311 -5 
490 UT ~ 1,QJO 1.480 
l'lG 119 +:za 

'" Q -Hl 
l,Oli!O 1114 -70 

l=====•!====•I===== 
1,086 1, CMll -47 

~ 
tl!e 
249 
JIil 
5<11 
Ml 
:JOI 
m 
M 
661 
r,e 

412 
m 
al2 
m 
IZI 
100 
476 
n 
17 

150 

llllle July Au«USt s.cm- October Novem- n-m- .~Dtllla] ber ber ----------------------

I 

Jill 63 28 0 15 21 32 J,21( 
lll6 19 79 111 :IOU 121 .., 1,639 - 173 13 2 0 15 IC 1,126 
74 27 6 2 24 :u 42 487 

171 ::131 • 0 22 3fi ~ .. 1,608 
Im UI 28 0 2 42 1,807 
532 ltft 1ll3 :13 6 211 32 l. 281 
~ H • ,l,3 0 15 25 903 
180 JI 114 110 !18 109 74 l, 150 
1111 30 0 28 13 0 21 1,349 
JO 7 25 211 t2 0 ~ tit 

240 24 D 7 4 8 :I.~ 1,024 
lM ISO 112 181 Jll 50 39 1.343 
Ill 0 g 7 7 9 z 012 
132 13 2111 2711 109 l!O 62 1,328 
M 81! 411 0 4 18 37 i 
19 12 8 llO 63 22 ,s 6 

::136 135 52 3 17 31 33 I, 
300 46 33 42 18 42 33 73 

12 J6 26 57 10 13 0 
305 50 110 &I 38 47 M 95 

It is difficult from this study to point out specific 
months or periods when the difference between recorded 

TABLE 28.-Compariaon of deduced and recorded flow at San 
Marcial for 17WN,.. when rewrded flow ia indicated to be in mor 

(Unit 1,000 acre-teetJ 

YNtud month Rl!OO?ded Induced ~~0';! 
flow flow ded11oed tlo11r 

1119 
May .••••••••••••.•.•••••..•••••.••..••.••. 

19'0 
June •••.•••••••••••••..•••.•..•. _ .•.....•••. 
Jill:, .•••••••••..••..•.•••••••••.••.•••••.••• 

1911 
Jl'abrtmn' ............................... -- .• ."5f3~·-···---· .. --·······; .... ·c· ·;· .. -- . . ... , 

.m,e .•••••.•.•.•..••.•.••.•••• -· ..•• -....• -- , 

ei:l('r ................................. . 
Noff!Dber •.••.••.•••••••••••.•••.••..••••.. 
Deomiber .• ···--·-- •••••••• -·-· ..•• --••.•.. 

lffl 
llllDuar:,. - ................ ---- •• ···---- ••••• 
February ... ---... -..•..••..••. ··• - -•• ·· -· ·· 
Much .................................... .. 

ti::::::::::::::::::::::::::::::::::::::::: 
lune ....................................... . 
Jul)' .•••.••••••••••••••••••••••••••••••••••• 

11113 
June •••••••••••• -················· •••••••••• 

11114 
Jcme •••..•••.•..••.•••••••••••••••••••.•••.. 
July ••••••••••••••.•••••••••••••••••.•••••• -

1919 
Aquai ... - .•.•••••• -...................... . 

11181 

tr.~·.:::::::::::::::::::::::::::::::::::::: 
lao11 •••••.••..••.•..•••••••.•• -············· 

Total. •••••••••....•••..••.••••..•.••• 

lli!I 
49 
5; 
82 

344 
311 

l50 

221 

134 
l50 

27~ 

2311 
431 
212 

6,Q3 

co - 002999 

'l8 
. .:s 

lll 
.i32 
lM 
133 
33 
6 

25 
3:1 

37 
all 
62 
88 

32111 
267 
lf 

180 

1111 
ao 

m -476 -
'- 7411 

+331 

.J..]6 
-1:6 
-ii 

+117 
+eo 
+2.'l 
+211 
'+20 
+13 
+23 

-+-41 

-101 

+m 
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fU111t 1,000 -..reetl 

11111 
S@pUll!l bet ••••• ········-·····.··- --- •••••· •• 

!HO .-
&,plembet •••••.••.••••••.••.•••.•••••..•••• 

,m 
September ••••••....•• _ •••••..••. ··---·- ___ _ 
o«obef _ - .......... ··-·-·-· .•..••.• --------
Nofflllber_ •.••• ·-··-· •.••.• __ •• _ -·---------

1ns 
June.-. ----. ---·---- .. ------··--- -. ·-· ...• -. 
Novtmber .••••••••• _ •••••••••••••. ---· -----

1~-' lune .. _____________________________________ _ 

luly .•••••••.•••••. __ •.• ----- ----- ..•..••.•• 

Total.-·········_ •••••...•.• ---------_ 

~ 
ftow 

7 

6 

0 
0 
0 

• 40 

0 
0 

l7 

Deduoi,d ~ured 
!low !tom 

deduced flOllll' 

-lf +21 

-13 +18 

113 -15.3 
-67 +s? 

16 -15 

19 -IS 
-in +137 

12 -12 
It\ -111 

-86 +122 

and deduced San Marcia] flows may be considered a 
definite reflection on the accuracy of the San Marcial 
record. It appears, however, that for the months and 
periods given in table 28 there is some justification for 
questioning the Sa.n Marcial record and for substitut
ing, in these months and periods, the deduced flow. 

Middle Valley Depletion a.nd Tributary Inflow 
Using Deduced San Marcial F1ow.-Following the 
procedure previously outlined for estimating the pa.st 
consumption of inflow and the tributary idow, Otowi 
Bridge to San Marcial, new values were derived using 
the deduced San Marcial flow for the months and 
periods given in table, 28. The cha.nges in the con
sumption and side inflow estimates are indicated in 
table 30. This shows a total increase in the ~onsumu- . 
ion. :igures · .·or -~be ~o~acwa .Jenoas H . :;!4,)00 1cre
feet and a tot.a.I reduction in the tributary inflow figures 
of 572,900 acre-feet. The correspondingly revised 
46-year mellns for consumption and tributary inflow are 
given in table 31. 

Comparison of the mean annual figures for consump-
tion of inflow and for tributary inflow, Otowi Bridge 
to San Marcial, as derived by use of the recorded San 
Marcial flow (tables 22 and 23) 1 with those obtained 
by use of the deduced flow for San Marcial (table 31) 
shows a difference of 4,200 acre-feet for the conswnp
tion means and 12,500 acre-feet for the tributary-in.flow 
means. The relative insignificance of these diff erenoos, 
QoupJed with the unce-rt&inties entering into the deriva
tion of both the consumption of inflow end the deduced 
San Mattia.1 flow, appears to give little justifica.tion for 
using the latter or my of the deductions not based on 
the recorded San Marciel flow, 

Oorrection of Prut Flow at Otowi Bridge and &n 
Mareial.-Since there is relatively little irrigation from 
Rio Gra.nde between the Lobatos and Otowi Bridge 

k!m&ted llOIIIRmlptlo11 ol iii· 
llow W!lll!c fllUJ MatclllJ !!ow 

Estlma!.4'd trlbuwy illflo,. 
mlna Sa1:1 Mwclal flow 

Y!Ar&lldll:!Mtb 

.Ur. Aade- Co1Tec;,. Aa r,i,- As de,. C-Orrec-
IIOrd!!d duced tlon corded duced tlon 

---------
till 

------~ 
May •••• _____ ·-··-·· 100.0 119.o -1.0 17.0 70.0 +SI.O 

= = 
l!IIO 

June ..••••••••.••••• 110. 0 100.0 +60.0 288.0 ~2.0 -216.0 
July··-··--·----- ••• 81.0 100.0 +o.o 83. 0 27.0 -~.o --- ,-

-=-in.o +se.o 
= 11111 

February. ____ •••••. 17.0 23.0 +e.o 14.4 iU -lll.5 
~-----···-······ G.O a.o 0 3S. l 18.7 -16.4 ~.o 95.0 0 5.2.0 47. 0 -b.O 
June ...•.•••.•.... -- 106.0 190. 0 +85.0 11:l.O 50. 0 -32.0 
July ......•..•.••.•• 11:l.O 82.0 0 180.D 120. 0 -60.0 
A~---·-··-····· ae.o '12.0 +1a.o 2.i 0 1a.o -12.0 
9el)l.em her •.•••••••• 42.0 70. 0 +:is.o 9.2 8.3 -.9 
Ocl.obff .•••••••••• - 32. 0 a.o +io.o 10..S .8 -9.8 
Nov11111har ···--- •••. 211.0 28.0 (I Ul,fi 4,2 -12. 7 n-m11er.- ........ 26. 0 28.0 +a.o ll8. 7 e. a -:io.2 --- ---

+H5.0 -mu 
= lffl 

1&1:1uaty •••••••••••• H.O 18.0 -H.O 111.0 l.a -17.~ 
J"ebrn11r7 ••••••••••• 17.0 17.0 0 15.11 5.8 -9.ll 
M~---··········· 418.0 46. 0 0 :18.8 21.9 -4.9 

~I·------·-·-····· 
72.0 72.0 0 418. ~ a:i.o -13.5 
87.0 87.0 0 40.0 25. 0 -M.O 

Jwie ••• -·-·-········ in.o 115.0 +18.0 39.0 13.0 -26.0 
1u1, •••.•••••••••••• 'l'O.O 113. 0 +12.0 37.11 H.O -23.6 --- ---+ko -110. 3 

= ,., 
Jwoe. ••••••••••••••• 116.0 116.0 0.0 M.O 14.0 _4· 

= 11114 
1Une.. •.•••.••••• _. __ t.l'.!.O 94.0 +ao :12.0 10. 0 -12.~ 
Jul1---·-·····-··-· M.O MO 0 til.6 28.C -lllO.O ---+a.o -no 

= 111!11 
Aucmt •.••.•••••••• 60. 0 60. 0 0 1710 117. 0 -,16.0 

-==1 ,__..,-=t;_. ~--··· .... .. ~· k! -,H CO ~l.O -,-l8. 0 
. 1------·-------·· 1311.0 1111.0 -37.0 30.0 H.O +11.0 
JUD'--··--··-··-··- uo.o 116.0 ~o e.o 36.0 +ao.o ----RO ~.o = = = Toi.al ....•..•. 1,8841.0 2.oso.o +1ou 1,mo 810.0 -anv 

T.uu 31.-E,timated ?rwm comumptiOfl of inflow and ~1.m 
tributary inflow, Ot.owi Bridge t.o San Marcial, 1890-19/!J5, ming 
,kduced San Marciol. ft.ow 

(tl,!dnc,,d Bow used ror perloda nhown by table 2!!] 

Mooth 

JILIIIUll'y •• - ---···· -------- - ••• ·--. - - - --- • - • ·-- ••• --- ••• 
.hbl'uarJ .•..••••..•....•••..... -- ..... -- .. -··-·· .•.•.. 
MU'dl .•. ---- ........•....•••••. -. ·----- ----- -·----- ·-

tJ::::::::::::::::::::::::::: ::::::: :::: ::::::: :::::: 
Jlll:I~. -- -····-···. -·-··· -· ···-·- -• -. ----. ···-- •••• -.• ·
JIiiy ••• -· •••• ·······--••••.••.• ··-·· •• ··- •.• ··- •• --·. -· 

=her:::::::::::::::::::::::::::::::::::::::::::: 
ND'l'tsmber .••••..•..••.••..•.••.•••. -- ..•. --- .•••••••• 
v-.mber ...••.•.•............•..•....•.••....•....... 

,\nDWLI ••••••••••••••• ---- ••••••••••••••••• ••• ••• 

12. 800 
16.!IOO 
~000 
ID. .IIOO 

109,0W 
87, IIIOO 
es. flOO 
IIS.IIIOO 
13.llllll 
R,000 
:1111,800 
23. llllO --

CO- 003000 

la. 3(10 
111.ffli'l 
Jl,300 

. aa.200 
411.1100 
41.l'IOO 
41,,:)1) 
:ta. !JOO 
22,000 
22, «NI 
l7, lJOO 
m.ooo 

:we.D' 
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gaging stations and since the river is confined to a nar
row canyon for much of the intervening distance, it was 
considered that corrections to pl[I.St flow for present 
development in the San Luis section as applied to the 
Lobatos record should be applicable, without change, to 
the Otowi Bridge record. The corrections of table 17 
were therefore applied to the Otowi Bridge run-off given 
by table 158 in Appendi.>t A to derive the figures of 
table 32. ··• 

In order to carry the corrections for present develop
men t through to San Marcial, it became necessary to 
take into account the relation between Otowi Bridge 
flow and the Middle Valley consumption of inflow as 
previously developed and shown by the curves of 
figure 17. These curves were first entered with the 
recorded Otowi Bridge flow (table 158) and then with 
the corresponding OtoY.i Bridge flow corrected for 
present San Luis Valley development (table 32). The 
difference between the two curve values so obtained 
gave corrections which were applied t-0 the Middle 
Valley consumption .figures of table 22 to give those of 
table 33, "Estimated consumption of inflow to the 

47 

Middle Valley, Otowi Bridge to San Marcia], under 
present irrigation development in Sao Lu.is Valley." 
1n these new consumption values, adjustment was made 
where necessary to conform to the total available 
inflow; that is, the new Otowi Bridge Bow plus side 
inflow. The corrections for San Luis Valley develop· 
ment given by tnble 17, less the corresponding change in 
Middle Valley consumption given by the diffe;ence 
between the values of tables 22 and 33, gave tte cor
rections which were applied to the San Marcial record 
(table 161, Appendix A) to derive the figures of table 34, 
"Estimated run-off of Rio Grande at San Marcial, 
N. Mex., under present irrigation development in San 
Luis Valley. 11 

B.etmn Water 

In the ma.in river valleys of the uppel' basin a supply 
of considerable magnitude is water which, once diverted 
for irrigation, returns to the stream as direct drainngc 
or es inflow from the ground-water basin. This "return 
water" has its source (1) in losses from canals or other 
r.onduits during conveyance of water from points of 

TABLE 32.-&timCWJd run-off of Rio Grande at Otowi Bridge, N. ,"!Ju., under prt!fent irrigation developmern in San Luu Valley 

(Dnioap &re& l 1.300 squlff mile,,, Ualt l,000 acre-leet] 

January February March AprU July 

--------1----1---- ------------------------------------
ll!IIO •••••••••••••••••••••••• 
1891 .. ·-······· .. ----- •••••• 
18112 ..•...••••..•••••••••••• 
1893. ··-·. --· ••• ·-· ••••••••• 
il!UL ..................... . 
188.L •..•••••..•••..•••.••• 
JSUiL •...•••...••••••••..•• 
JliVi ............••.......... 
·ag,_ . 
m .. 
OOL ....•.....• : ..• :::.:::, 
SOL ...•.•..•••..•••...•.. 
uo:! .• __ .• - •• - -- •••••• - ••••• 
IIOO •••••••••••••••••••••••• 
IIOI, ••••••••••••••••• ·---·· 
S(l.'L ••. · ••...•••.••••..••. 
90! ................. -· -- •••. 
007 ........•.••••....•... ,. 
li08 •••••• - ·- ·- •• ····-· --- --
11111 ...•....•••..•.•••.••... , 
910 ..............•....•.... 

191!. ...................... 
;12 ........................ 
glL ..................... 
11lL .............••..••... 
1115.. ...................... 
OJij ____ ...•....••..••...... 
917 ....................... 
DIL ....•...•••...••••..•. 
1119 ..••.•.••..•••••.••..•.. 
920 ......... ----- -- .••.•• -
1121 ....•.•.•••...••••.•..•• 
9'J2 ...........•••.•••..••.. 
1123 .......•.•.••••..••..••. 
92L ......••.•••••..•..•.. 

1112!1 .. --·--···--···-······· 
11.l:Zfl .•• - -- - . ···- •••••••••••• 
92i .•••... ···-· ·-·-··-- •••• 
1!'.18 ..••.•.•.•.••••••••••••• 

=:::::::::::::::::::::::: 
~::: :: : : ::::::::::::::::: 
833 ........................ 

:1 :: : : : :::::: :::::::::::: 

33.0 
41.0 
39.0 
25. 0 
26.0 
32.0 
3S. g 
35. 7 :s -
.:i. J 
~.8 
23. 4 
2G'. l!I 
211.1 
20. g 
,IO. 6 
32.0 
5(1.0 
47.0 
38.0 
au 
43.7 
43.6 
35.8 
45. 9 
34.0 
42. l 
38. l 
28. 7 
36. 7 
as 
lf.l 
41!.5 
43. 3 
ti.II 
41 
411.8 
13.l 
G.7 
1118. 7 
42 
3119.& 
0.2 
42 
lllll2 
M.2 

= 
P=Di.or~::::~::::: 37.3 

2.1111 
M 

35.0 72. (l 2G8.0 
4t. 0 119,0 305. 0 
%-0 102.0 :m.o 
211. 0 30.0 180.0 
215.0 48.0 118.0 
31.8 llil-3 302. 0 
37.5 87.2 182, 0 
ll!.1 'lO. 8 '?711.0 
;; J '33.0 

• :1. j 

~.ii 
:l2 a 

Jl.J ~.5 
33. 5 fJ.6 841.4 
27. 2 33.7 IIIU 
:au 8'-2 172.0 
26.2 29.3 3.'5.3 
411.6 1311, 0 lll.l.O 
32.0 32,0 1511.0 
48.0 117.0 339.0 
52. 0 911.0 1311.0 
37.0 115.0 211.0 
33.3 183-0 :isa.o 
37.~ 11,U 147.0 
44.8 9J.7 120. 0 
~9 nu lllC.O 
47.8 87,4 llWI.O 
42.0 1111.0 2111.0 
441. ~ !OJ.0 250.0 
46. 5 112.8 145. 0 
28.1!1 118-8 89.4 
1111.6 112.2 :1161.0 
74.7 11],8 llm.O 
+u 1118,0 80. 3 
40.2 ?'1.1 99.0 
411. II 1111-8 811.4 
All fU mo 
411. l 1.U 147,0 
INI.G 158.8 lal.O 
3-1.J m.1 175.0 
Al 116.1 84. f 
+1.3 '1'2.5 HS.O 
au 5,1.6 218.0 
'3. f S. l IIU 
&f.11 Uli). 0 m.o 
311.6 lit. 8 ao 
45. 6 &U 11111. l 
211.3 47,l 118.11 

= ~I~ 40. 6 
3.25 8. Ol I 13. Ml 

ll02. 0 
1116.0 
515.(l 
148, 0 
222.0 
:m.o 
1aao ,n. o 
·37 ' 
.!3 .• 
ll()2. 0 
287.0 
l!IIU 

381). 0 
30. 2 

1118.0 
mo 
,10.0 
202.0 
f7'11,0 
3:11.0 
40B. 0 
117~0 
laD.O 
m.o 
4:14,0 
SOil; 0 
271.0 
188.0 
~78.0 
1138. 0 
::137.0 
OG.0 
Q.O 
so 
l:H,0 
C18.ll 
461.0 
mo 
NI.O 
153.11 
lkO 
mo 
181!1.0 
47.4 

11118.0 

lll50.8 
28.05 

~o 
IH.O 
196.0 
ll!O. 0 
38. 0 

2:11.0 
28. 8 

':ll58. 0 
'!Ji : 
.::S .• 

128. 0 
110.0 
25.2 
&D 
l?.O 

~2.5. 0 
3811. 0 
W&.O 
130.0 
aea . .i 
lHI.O 
.m.o 
4211.0 
87.0 

l7li.O 
GII.O 
347.0 
465. 0 
!CI.O 
UIO.O 
111'.18. 0 
471. 0 
D.O 
:m.o 
:1)5, 0 
a.o 

31&0 
1134.0 
Ull:O 
178. 0 
Ul!l.11 
41.ll 

MO 
1111!1.0 
IIU 

882. 0 
= 2:ilU 

18. 7~ 

87.0 92.0 
WI.O 4!11.0 
41. 0 15.0 
27.0 111. 0 
17.0 22.0 
112.0 Ml 
~.3 13,; 
:'2.J '.!,H 

.1.)l '. ;j. : 
;7. j .:i. ~ ' 
Ji. 3 10. l 
42.8 49. 8 
Jl!I. 7 34.2 

107.0 2a.6 
Ji.I 93.0 
52. 7 3.5. 7 

122. 0 es.o 
,cM.0 171.0 

M.O 1,.0 
1!16. 7 75. 8 
13.0 !IO. l 

273.0 .ea.~ 
U8.0 45.0 

40. 8 17.8 
132. 0 88.0 

11111.5 .'58.2 
lllC.ll 811.0 
m.o au 

1111.6 21. 4 
HG.O 7'11.11 
J8l.O M.7 
1118. 0 JM".O 
81.0 77. 7 
n.2 a. 0 
56. 4 IIO. 2 
lit. 7 llll8 
H.O 21.1 m.o II0.3 
"· 7 2'.6 
lllil.11 182. 0 
92.11 IIU 
tu :112.11 

IG.0 411.5 
46. ! 31.2 
13. ll U.J 

lU.8 kl 
= ~ 117. 2 SI.O 

6.117 4. 2t 

118.0 31.0 45.0 62.0 1,m.o J:116.1 
34.0 m.o 51.0 Sl.O 1,856.0 148.3 
8.0 l@.O 31.~ :K.O l,fU.O 112. 8 

20.0 33. 0 31.(l 20.0 1133.0 i4.6 
22. D 10. 0 43.0 48.0 &fl.O SJ. 2 
31.0 36. l 48. 8 al.8 1,254.7 JOO. 3 
~.8 31.3 39. 6 35. 0 15133. 3 65.4 
57 .. I 'll,l.O ~9. 9 ~J.: :.'i"TG.'J :~2. ~ 

~ 17 ;J. l :JU 2.-: >'J9. ·i.) 
51.. .:ll. ti .Jl.O ;8, ~ ' }76 . .! :,i.J 
42. 6 :.S.8 3-t. 3 27.0 5.59. 5 62. 7 
311.5 32. 2 41. 5 31.5 814. 2 115.1 
28. 8 21.2 21U :Z'T.2 a&.4 3-C.8 
27.3 lltl.8 32.2 27.6 1,487. 5 us. 9 

UIII.O 303.0 113.4 35. 4 817.8 151U 
23.2 :rr.o 42.0 38.11 1,11111!1.G J:14.8 
M.u 101.0 77.0 52.0 J, 733. 0 138. 6 
74.0 4<1.0 00.0 44.0 2,293.0 ]83. 3 
33.0 31.0 32. 0 32.0 112J. 0 73.6 

145.0 53.2 211. l 62.5 J,635,3 130. 8 
:;n 0 21.0 37. 8 36.3 1,125.11 tlO.O 
48-3 478.0 128. 0 90. 3 2,080. I lfl6.3 
3a3 :18.2 34.3 27. 5 l, 11117. 4 !M.Y 
:11.8 41.9 00. 3 62.2 TJ3. 4 58, 6 
lliS,3 82.3 49,0 34.4 1,m.1 J02. 3 
32.' 31.9 34.-1 30. 7 l, 500. l lZ. 7 
40. 7 181.0 81.8 &6. 8 !,W.3 J,56.6 
zu 17.8 2&4 211.2 1.374. 2 )Oil, 9 
34.0 ao 41.0 43-5 i411.9 IIO.O 
35.l 48.3 49.6 l!O.I 1,492.5 119.3 
lll.3 :rz. 7 49.5 311.4 2, uio. e 174.4 
72. 7 28.4 41.8 Ill.JI l,«16.D 112. 2 
H.a 18.9 311.11 ff, 2 I, 11111. 0 11.U 

1m.o llG.0 111.5 i'7,0 1,0.J 112. & 
:12.8 :111.6 3-C .. ~ &Cl.4 1,483.2 117.0 
C7.6 81.l 00. 7 117. 6 8111. 3 70 .• ~ 
21.s 25. g 3l.3 co. 3 1,235.4 118.8 

U17.0 12'1'.0 78. l 413. I 1,SHl.4 129. ~ 
15. 3 2l. I illl.e 33. 7 838.a 87.11 

lll9. 0 IOt. 0 ao ta.~ 1,3'1'4.S !Oil.ti 
:!&.II au. 7 89. J 311,1 t!ll.2 '11.2 
a.o 76.0 G.7 511.5 IM3.3 15,'l. 2 
211.3 P.l 34.2 37.11 1,._! lM.4 
31.3 31'.l.l! ll8, 7 fl. 7 l'N.8 113.11 
22.11 :n. 4 2"!.4 :au '1:U :a:a.o 
flll.8 51.11 151. I 33,11 I, 1111!.9 93.3 

= =1= = =·= ~· II.ii. 0 46. P 43, 9 1, 2-'VI. 7 100. 0 
3. 71 S.:ll.l 3. 75 3. 51 100.0 ......... 

/ 
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48 Rio Grande JV'int Investigation 

T .UlLE 33.-Eslimated comumption of inflow to the Middle Valley, Otowi Bridge to San Marcial., under pruent irrigation dctidopment in 
San Luu Valley 

!Unit l,000 acre•feetl 

Year 1anuary P'ebruary Much ~!_::_ Jillie 

1800 ..........•......••..••......•.... 11.0 1S.O 44,0 UG.O 130.0 Dt.O 
111111. ..•• ---- ..••...•••.•.•••.••.••... 12.0 17.0 ao.o llO.O 12l.O 1111.0 
1892 .................................. 12. 0 17.0 l'0.0 11111.0 1()3, 0 112.0 

l:!: _. ::: ::: :: : : :: :: ::: ::: :: :::: :::: : : 10.0 l&.O IO.O IOV.O 97.0 l'/3. 0 
11.0 14.0 18.0 73.0 93. 0 :M.O 

18115 ............ , ....••....•..•....•. ll.O 16.0 48.0 79.0 115.0 113.0 
!~ .................................. 12. 0 16.0 Cl!l.0 77.0 81!.0 2'1'.0 
1897 ................................... 12. 0 11!1.0 46.0 10&.0 !Oll.O 118.0 
18'1(! .................................. ll.O 16.0 38.0 79.0 91.0 UH.D 
Iliff .................................. 10.0 111.0 $9.0 130.0 89.0 :ll:1.0 
19(11) .•.. -··--····--· ·····-···----·-··· 12. 0 M.O 41).0 411.0 114.0 M.O 
UIOI. .......... --- ......... -.......... lO.O 16.0 31!.0 67.D 1115.0 80.0 
190'2 ... II. 0 lt. 0 a1.o 70.D 11:1.0 25.0 
1903 .... : ...... :::: ... :: ........ : •... : 10.0 14. 0 47,0 77.0 99.0 100.0 
1904 .................................. 10.0 lt.O 211.0 35.o 31. 0 17.0 
1905. -· ............................... 12. 0 17. 0 S3. 0 80.0 no.o 11!9.0 
lllO!l .................................. 11. 0 15. 0 '6.0 l'G.O 183.0 Ut.O 
11Xl7 .••.. ·············--······---·-··· 13.0 17.0 48.0 l'l'G.O lllll.O UIS, 0 
lGOS .................................. 1a.o 17. 0 Ml.O '15.0 89.0 M.O 
IIIOO .................................. 11.0 16.0 «J.O 133.0 Mtl.O 18&. 0 
IGIO .................................. 12.0 15. 0 811.0 124.0 !211.0 81.0 
1911 ............ ·--· ................. - 2l.O 18,0 48. 0 76.0 uo.o 11:l.D 
11112 ... .• : .................... ...... · • J2.0 17.0 48.0 73.0 ll30. 0 100.0 
11113 .................................. 12.0 16.0 36.0 73.0 89.0 '12.0 
1914 .................................. 13.0 17.0 47.0 76.0 Ill. 0 1!0.0 
1915 .................................. 12.0 16.0 44.0 113.0 ai.o 210.0 
11116 ••. --·----·········-···· .......•.. 13.0 17.0 M.0 78.0 IICII.O HO.O 
11117 ................... , .............. 13.0 17.0 42.0 '15.0 11:l.O 108.0 
11118 .................................. ll.O 14.0 42.0 68.0 tll.O 88.0 
lGlD .................................. 12.0 17.0 46.0 'IV.O 100.0 90.D 
193) ..• ··•·· .................... ·••••• 13. 0 20.0 te.O 73.0 :!00. 0 llO.O 
11121. .•.... ··- ·-·----· .•••...• -... -... 12. 0 17.0 48.0 57.0 IM.O 1113.0 
1.1122. - ............. -..••...•...••..... 13.0 17.0 46.0 70.0 117.0 1118.0 
11123 ..... ---· •...•••.••••...•. -- •..•.. 12.0 17.0 42. 0 ~-0 101.0 113.0 
11124 .................................. 13. 0 18.0 36.0 84.0 100.0 112.0 
1925 ..•.•. ··--···--····- .•. · · •• · -· • ... 30.0 17.0 '5.0 75.0 81.0 M.O 
11126 ..•••.....•••.•.••....•..•...••... :io. o 39.0 1511.0 7ft.O 110.0 Ul<I. 0 
11127 .................................. 12.0 16.0 ff.O 77.0 lM.O 113.0 
!~ .................................. 14.0 17.0 ff, 0 67.0 1111.0 80.0 
19211 ......................... ·-- ...... 13.0 17.0 ... 0 73.0 97.0 90.0 
1930 •• -·- ............................. 14.0 18.0 «J.0 11!.0 !7.0 81.0 
lll3l. - ............... ·-· .....•........ 12.0 17,0 311.0 S2.0 83.0 47,0 
11132 .................................. 12.0 18.0 &2.0 ~-0 136.0 80.0 
lva:l •••...•••.....•..........•.......• 12.0 16.0 40.0 56.0 g1.o 92.0 
193-f .................................. 12.0 17. 0 40.0 ll8.0 411.0 Ul.O 
111311 ••• ----·-· •••••• •• ···-------··--·· 12. 0 IG.0 !8.0 ft2.0 112.0 116.0 

= = = = 
lOII, 61 113. 0 ·~ -------·-·--···-····---·-· 1.16 16. 8 '5.1 83. 2 

.ruly AURUSt Se~m- Oclobtt 

711,0 44.0 30.0 311.0 
81,0 4G.O 211.0 43.0 
e.o 1$.0 ij,Q 19.0 
30.0 18.0 20.0 28. 0 
19,0 ZI.O 22. 0 12.0 
77.0 4G.O 211.0 29.0 
:11.0 JS.O Z!.O 27.0 ee.o 21.0 a..o 114.0 
79.0 34.0 17.0 23.0 
40.0 24. 0 n.o 27.0 
20. 0 10.0 31.0 27.0 
•• o fl.O 29.0 27.0 
17.0 33.0 25.0 21.0 
IIIO.O 27.0 25.0 25.0 
16.0 ao.o ue.o 112.0 
5a.O 84.0 22. 0 25.0 
82.0 46.0 33.0 43.0 

205.0 72.0 42. 0 33.0 
M.O 46. 0 32. 0 31.0 
73,0 47.0 48.0 34.0 
12.0 21.0 :!ll.O 21.0 
118. 0 42.0 3.l.O M.O 
82. 0 89.0 211.0 25.0 
43.0 18. 0 24.0 31.0 
11&.0 49.0 '6.0 41. 0 
74.0 44.0 211.0 27.0 
83.0 Sl.O 31.0 no 
113.0 ao.o 23.0 l!I.O 
GO. 0 2'1.ll 3'.0 211.0 
82. 0 48.0 2'11.0 33.0 
111. 0 42. 0 Zl.O 211.0 
82.0 a1.o 39.0 21i.O 
81.0 27.0 lt.O 16.0 eo.o 44.0 '5.0 415.0 
56.0 30.0 22. 0 2'1.0 
63.0 56. 0 33.0 40.0 
H.O 21.0 21.0 24.0 

ISQ.O 42. 0 M.O 47.0 
31.0 ro.o 15.0 20.0 
lk-0 00.0 49.0 45.0 
62.0 44.0 24.0 36.0 
2&.0 23.0 37.0 39.0 
00.0 41. 0 28.0 27.0 
47.0 31.0 27.0 211.0 
u.o l7.0 22.0 21.0 
81.0 50.0 37.0 33.0 

= = 
6U 37.4 B2.2 31.8 

Nm>em- Deoim-
ber Iler 

~.o ~.o 
33.0 28.0 
28. 0 18. 0 
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32.0 2$1.0 
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27.0 22. 0 
32.0 :ie.o 
32.0 :u.o 
44.0 23. 0 
30.0 20.0 
27.0 21.0 
23.0 20.0 
25.0 2).0 
30.0 22.0 
211.0 22. 0 
32. 0 211.0 
211.0 23. 0 
25.0 21.0 
26.0 25.0 
211.0 22.0 
62.0 33.0 
:16.0 20.0 
211. 0 25.0 
211.0 22. 0 
211. 0 23.0 
32.0 25.0 
23.0 30.0 
27.0 24.0 
211.0 215.0 
29.0 23.0 
28.0 2-,.0 
ae.o 35.0 
~-0 lll6.0 
31!.0 4!.0 
30.0 27.0 
'5,0 ~-0 
32.0 27.0 
33.0 22.0 
31.0 2&.0 
27.0 23.0 
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:116.0 22.0 
27.0 23.0 
19.0 :no 
29.0 22. 0 
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T,uL.E 34.-Estimaud run-off of Rio Grande at San Marcial, N. Mex., under pruent irrigation development in San Luia Valley 

.. 

YIIIII' January February Mareb April May Jllll8 1uly 

------------
llllliO ................. ---···· 30.0 211.0 G2. 0 m.o i'iO'J.O 213.0 30.0 
11191. •.... -................ " ae. 0 113.0 1~.o a. o 886.0 ~-0 80.0 
un. .... ···-·-···· ......... 3e.O «.o 66,0 210. 0 l121l.O 146.0 42.0 
18113 •...... ··-· .•.....•.•... 20.0 215.0 17.0 81. 0 298.0 0 0 
I.SIM ••••••• ·-- •••• -.••••• ·-· 20. 0 25.0 38.0 100.0 173.0 33.0 1e.o 
l8115.. •..••. ·- .....•.....••.. 31.0 Mt 8 137.0 ~-0 lllCII.O 18D.0 130.0 
1811ML ...................... 311.0 42.0 45.8 111:U 114.0 9.8 ll8. 7 
1111117 ........................ :15.5 :lS.3 KS J§.0 870.0 270.0 51. 0 
l&al ....................... 83.7 11). 4 61.2 239.0 JM.O 110.0 116. 0 ,._ ..................... ::M.11 23.6 23. ll «). l 31.0 l.O 211. 4 
1900.: .................. ; .•. 311.6 34. l 33.2 a.a 115.0 121.0 0.1 
11MJI._ ..................... 21).0 22. 5 12. l 33. 7 m.o 80.2 IJll.3 
)1102 •••••••••••••••••••••••• :m. 7 17.4 8. 0 31, J 25.8 a 4 0 
1903 ..... -· ................. :1>.2 28.9 &1.8 100.0 292.0 &lC.O 83. 8 
1804 ........................ 18. 8 19. 9 9.1 1.0 0 0 10. ll 
lGOS ••...•..•••..••...•.•.•. 36.l GO. 9 l!Ol. 0 :31111.0 mo 187.0 30.8 
1900 ........................ 3i. ~ 38. 7 lill.9 H7.0 449.0 290. 0 91.0 
1Gm •••. -·· ·····- •••..•.••.• ill II 81. 7 l'M.!5 171.0 293.0 386.0 21111.0 
lllOI! .•••..••..••••..•••.•••• 47.5 52.0 811.4 llLO l.lB.O 'l':U 41.0 
10 ........................ 80.6 81. 3 48.11 80. 0 246.0 ::IOO.O '2.1 
1910 .............. -···-·-··· au ~.o 128. D lff.0 23.5. 0 52.l l. l 
11111 ........................ JU 32. 7 OJ.0 so. 5 llO(, 0 :IIOII.O 1117.0 
11112. ••. -- ..•••.• ·····-····· •a 48. 4 74. '1 101,0 478.0 KS.O 115.0 
1913 ........................ :18.4 M.l BUI l'II.I 1111.0 'II. I 6.111 
11114 .••...•• ··- ............. 42; I 45. l 113. g 103.0 216. 0 136.0 151.0 
11116 ........... ··----······· 110-2 4-0.0 m.2 286.0 111!1.0 llSS.O 1111.0 
1918 •.....••..•...•.••.••••• 41.11 44. l 1111.0 2111.0 07.0 228.0 &l'7 
11117 ........... ·····--··--·· Ul!I U.9 :n. 7 78.6 1119,0 377.0 11111.0 

11111 •.•••.•••.•.•.•••••••••• JU 18. 8 811.IS 80.5 121.0 'l'S.2 20.4 

I 

Angmt ~ic.,em- October 

--- ------
40.0 31. 0 0 
311, 0 811.0 !Oil. 0 

l.O 2.0 0 
0 0 a.o 
0 3.2 52.0 

lM.0 18.0 19.0 
7,3 9. 7 ~-6 
6.1 m.o 3,l7. 0 

12. 8 3.7 l.O 
6. 4 I, 9 2. 7 
0 ~-1 2.1 

65.S 38.6 18.0 
G-2 13. 3 0.8 
3. l 1.4 u 

87.0 M.7 &U.O 
Jll.l 11.3 7.3 
30. 2 2U 70.8 

114. 0 .122.0 48.5 
711. 7 a 7 0.8 
41. 7 126.0 37. 7 
7.8 a.o 0. 6 

lll.2 27.2 ~1.0 
17.1 4. 8 4.0 
0. :'.I 4..9 32.1 

112.:1 11. l 73.5 
au 10.11 8. 0 
AB 12.4 177.0 
4.1 5.7 0 
1. 7 0 10.0 

, 

Novem• Deoelll· Am:11.111.l Iler her 

------___. 
211.0 42.0 1,174.0 
24.0 38. 0 2, 1155. 0 
6. 0 12. 0 l, 083.0 
8. 0 :io.o 4111.0 

11. 0 27.0 llO/i. 2 
2S.O '5.0 1,238.8 
19. 4 42.1 at7.1 

m.o 11111. 0 2,~7 
13.2 :16.4 878.4 
21.6 21.8 Zill,. 8 
7.4 IU 434.0 

30. J 21.2 625.2 
7.G 15.3 206.6 
9.6 30. g 1,065.1 

M.8 41. 8 m.a 
45.f 3,S.3 2, llG4. 2 
78. 8 84.1 1,IIIOU 
Aa5 47. 7 1,721.a 
27.0 311.' 'IOU 
119.6 66. 8 -· u.11 '9.2 713.ll 

112. 0 GD.0 l, 711(),8 
::lf.6 21.0 1,294.4 
a6.2 48.0 /JOO. 2 
87.2 88. 0 all.l 
:n. 7 38. 4 1,227.6 
711. l 48.8 l, 5112. l! 
11.8 21.8 1,0IU 

So\ 3 311. 7 404.2 
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T.&BLID 34.-B.stimmd run-oif of Rio Gro,,uu at San Mcwcw, N. Me:., under pre.sent irrigation denlopmfflt in San Lui, Valley-Con. 

!Dnl.fmp - Jf.17e sq- mn.. Uwt 1.000 -.reetJ 

y- 111!1, Feb, Mu, Apr, May Jllll6 

. -------
lf/Ut ••.•••••••.•.•••••••••• U.4 JIU na ~o 102.0 H3.0 
ltr.lO ........................ tll.3 it. f 81.2 121. 0 Mt.0 784. O 

!:L.::::::::::::::::: -- : &15. 0 tl.5 1111.8 38. 4 lM O 4M.O 
a1. 3 47.8 6'7.9 7.5.6 l!S4il.O :152. 0 

lffl •... ---·-·-·· .•.•... ···- SO.fl 311. l M.O llCl-9 131.0 189.0 
1924 .......... •••••·•·• ••..• 154.0 64.1 !W..11 St6.0 ~.o lMO 
l!IU •••.•. -· ···-·· ••• ·- ••••. Jfl .• 32. 8 84 f 116.2 67. fl u 
lflZ ........................ U.2 211. I 4AO Ill3.0 4.£1.0 ~o 
lffl ........................ 30. 7 27.9 1118.4 132.0 kl!. 0 1•0 
19211' ...................... ~.O 441.0 fl. 7 ax. 2 m.o w.o 
19211 ............ -- .......... 29. 6 k,6 61.0 'l'll.8 274. 0 126. 0 
111311.. ...................... ff.8 ~fl .'59.2 17& 0 ]23.0 711.6 
1113:1. ....................... 311.2 42,8 H.6 M. I 92.8 7.1 
1932. ....................... 45. 7 fJtl.O 97.2 m.o 4$8.0 1113.0 
11133.. ....................... ~l 111.G 44 . .'I 18.8 10:Z. 5 ~() 
l1ilM. .................. -.... 4"U U.3 13. 7 42.5 •. 4 0.2 
IW ........................ '4.11 tl.l 32.4 27.6 l'l'II.O WT.I) 

M _____________ .. --------rsw ~1=:7 = ~ Ill:!. 6 .. , 1111. 5 
PanlaDt or lllllluai.......... a a 4.00 All7 11.118 28.12 llU7 

Annual 
1u.1y All(, Sept. Oct. Nov. Dec. Annual l'Ull-olf in 

Pt!N?eDI 
o!ml!llD -----------------

2M.O 73.8 0.8 29.3 MO 60.1 t~t 136. 7 
173.0 35.9 2.11 4. 7 34.l 31.lj ]Ilg. 7 
20!!. 0 134.0 il.fl 13.fl ao. 1 63.2 J, 310. 4 121', l 
37.G 0 0 0 f.O H,7 IIOO. O 87.3 
33.8 42. l 100'.0 1~.6 118..0 7.5.2 1, lff. 6 ua. • .'!0.0 7.2 u 0 0.8 16. l 1,287.0 l2'2. fl 
2. 3 JG. 3 31.0 uo 31).3 63.6 4,35.8 42.-il 

27.2 2. 0 3.fl 3.2 6.9 3,1.4 f/71.5 W.2 
Ull.O 03.8 1118, 0 IOJ.O 117.3 H.fl l, 34.3. 0 130. 3 

0.6 11.f 5. 0 l.O 7.3 29.8 M4,6 {12.0 
ff, l 273.0 300.0 123,0 Gll.2 49.t l,461. 6 Ho.a 
18,.3 ro.1 t. 8 4, 3 16.0 36. I 72:1.0 70. ! 
1.0 6,9 tto Cle. 6 32.8 U.9 &03. 8 48.fl 

167.0 M7 11.2 15.8 22.6 36.3 I, :Jai. 5 13.2. 6 
63. 2 31.11 42.3 15.g 29.0 47.2 '/30. 0 70.8 
0 81. 7 :l,5.5 J.11 2.6 27.8 26U 25. /; 

ij10 108. 0 04. G 3:5.2 47. 2 i7. 0 l, 070. 6 10&.4 = = == 7.'1.0 42. 7 3'1, 2 .55.81 34.2 tl. l l, 031.0 ...................... 
7.27 4.14 3. 51 a.o u~ 3.ff JOO. O --·--- ... - ... _ 

as the residua.I quantity when the outflow at .Alamosa 
is subtracted from the inflow at the Del Norte gage 
and appropriate allowance is made for intervening 
diversions. The :return Bow so derived will include 
that in definite channels, such as the Rio Grande drain 
from the north, the Bowen dra.in from the south, e.nd 
Pinos and San Francisco Creeks, together with that 
coming in as ground-water seepage. Pinos and ,San 
Francisco Creeks a.re le.rgely diverted, and accordingly 
their m.fl.ow to the river is itself chiefly :return water. 
The necessary data. for this derivation are available 
for the years 1928 to 1936, inclusive. Rio Grande flow 
at the Del Norte, Monte Vista, and Alwnosa gages is 
given by· tables in Appendix A. The diversions, 1928-

diversion to points of use, (2) in surla.ce drainage from 
the land after irrigation, and (3) in seepage to the under
ground basin. Begi.nning a few miles below Del Norte 
in San Luis Valley, Rio Grande receives varying 
amounts of return fiow along ma.ny sections of its course 
to Fort Quitman, Tex. Return flow above Alamos.a. is 
availa.ble for rediversion and use in San Luis Valley. 
During the irrigation season the flow near 1.-0batos is 
largely .return flow except for a few .indivertible peaks 
which pus during short storm and fiood periods. This 
flow is lost to San Luis Valley but becomes available 
for the Middle Valley section. In each of the subvalleys 
of the latter much of the return water reaches the river 
at the lower end and becomes avo.ilable for rediversion 
in the succeeding valley. Below the San Acl\Cia diver- to 93 5 . ' ' . ' · . . . -, : ... cvers ·:ornpuea . :i...."J.c ::i~nec :.J.l'ougn ·:ne 

Coiorauo 3t,aw Zngineer. Those for 1936 were ob
tained under the Rio Gr&nde joint investigation. The 
computation of the return .ftow in this unit, by m.ont~ 
for l 9361 is shown in table 35. It will be noted that a 
division was made to give the return flow in two sec
tions, Del Norte to Monte Vista. and Monte Vista to 
Alamosa. The results similarly derived for the years 
1928 to 1935, together with the 1936 data, are summ.a. 
rued in table 36. From this table it would appear that 
in the la.st 3 years there has been a ms.rked increue in 
return flow between Del Norte and Alamosa. To a 
considerable extent it varies, u should be expected., 
with the amount of the diversions. For example, in 
1931, a yeu of very low water supply, the total of the 
diversions we.a only 307,500 acr&-feet1 and the return 
fl.ow dropped to 11,800 acre-feet, or 3.8 percent of the 
diversions, from a figure of 38,400 a.ere-feet m 1930, 
or 7.7 percent of the tot&l di~e.rsions of 499,100 acre
feet in that yea.r. However1 in 1934, another very dry 
year, with tot&l diversions of only 309,200 ac:re-feet, 
the return flow amounted t.o 37,700 acre-feet or 12.2 
percent of the diversions. This, taken with the retum 

.. ,ion 'it :he iead Jf ~ocor:re, ._-; .uley ,.:ie ,eturrr :iow :.s 
.ost for use in &he Middle Valley but passes on to the 
Elephw:it Butte Reservoir- and ultimate use in the 
Elephant Butte-Fort Quitman section. In the latter 
the return water of each subvalley becomes available 
to that next lower as tar as the Tornillo heading of the 
Rio Grande Project. Below this, return water is avail
able to the Hudspeth County Conservation and 
Reclamation District. · 

In estimating the wat.er supply for the major units 
of the upper basin under given future conditions of 
irrigation development., the retu:m water is an impor• 
tant oo:nmderatioo. In the following pa.ragraphs, there. 
fore, such data as are available with respect to its past 
and present volume and occurrence are presented. · 

Tlte Su Laa Sedien 

In the aruilysis of return water in the San Luis Valley 
three units are considered: (1) the Rio Grande area 
from the Del Norte gage to Alamosa, (2} the Conejos 

--IJJ'ea1 and (3) the southwest 'area, excluding the Conejos 
tea. In the first unit the retum wat.er may be tak.en 
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flow of 86,200 and 76,000 &e:re--feet for diversions of 
670,900 and 479,600 acre-feet, respectively I in 1935 
and 1936, is strongly indicative of a recent increase in 
return fl.ow. The return figures of 1935 and 1936 
represent, respectively, 12.8 and 15.8 percent of the 
diversions. Experience with :respect to return water 
in general suggests ~t these percentages are very low 
a.nd the explanation lies in the large diversions to the 
closed be.sin, from which there is little return to the 
river except by the one outlet drain of the Rio Grande 
Drainage District. Also Monte Vmta and Empire 
Canals which divert near Monte Vista carry water fs.r 
to the south so that return flow therefrom reaches Rio 
Gra.nde below Alamosa. .As shown by table 37, in the, 
9-year period, 1928 to 1936, the diversions from Rio 
Grande to the dosed basin aver.aged 58.5 percent of 
the total diversions between tbe Del Norte and Alamosa 
gages. 

The percentage of return flow in terms only of the 
diversions contributing to the return, may be closely 
approximated !or the total river section from Del 
Norte gage to the mouth of Trinchera Creek as follows, 
using 1936 data: 

(1) Inflow: Ar:n·fffl 
Rio Grande near Del Norte __ • _____ --· .••.•..•. 472, 000 
Rio Grande draln (estimate ba.sed on put records, 

no data for 1936) _ . _ •• _ ..... _ .•..• _ .... _ .. _ _ 20, 000 

492,000 

{2) Outflow: 
DJvendons to closed basin ...................... 278,000 
Rio Grande at AIA11Joaa leas diversions below_. __ • 60, 000 
Retum flow below Alamosa from Rio Grande di-

versions (32,000 of table 40 reduced by ratio of 
Rio Grand_e ,ih·ersions. '. 53.000. '.o 'otal ih'e-:--
;ions. -65.~COL _______ , ______ · ________ . _ ____ __ :.m, 000 

358,000 

(3) Diversions from Rio Grande: Am-1,,1 
DeJ None to Alamooa, excluding diversions to 

cloeed basin •.• _ •.••..••.•..••. _ •.•• __ ••• _ • 202, Of 
Below AlaI!losa_______________________________ 9,0t 

2U,OOO 

(4) Return flow (3)-(1)+(2) ______________________ 77,000 
Return in percent of divemions .... ____ .. __ .. _. _ ~ 5 

This return o! 36 percent of diversions conforms closely 
to the relative volume of rotum water as experienced 
in general. 

In t&hle 36 it will be noted ths.t in the riYer section 
between the Del Norte and Monte Vista gages there 
a.re frequently, in many months of the year, losses of 
water rather than gs.ins. This is explained by the fact 
that in the upper port.ion o! this section, the river is 
tn.versing the apex of the Rio Grande alluvial fan. The 
materie.l of this fan is coarse in texture and a consider
able volume of water percolates from the stream chan
nel to ground water. Thls is discussed in the section 
of Part II of this report which deals with ground water 
in San Luis Valley. 

Based upon data for 1934, 1935, and 1936, the aver
age monthly distribution of the return flow between 
Del N'orte and Alamosa is given by table 38. 

For estimaw of the :return water in the second San 
. Luis Valley unit, the Conejos area, diYersion data are 
available only for 1936 and the records for that year 
represent, in the ma.in, water commissioners' reports 
t.h.a.t a.re based in mo.ny instances on estimates only. 
Using these data, the return water in the area served 
by the Conejos River and its tributn.ries was derive<l l!'l 
•' . . . '9 ...,, • . . . ·'0 .. .,L:C".\.":l .il ,.1;:,1e , • · • • .1e "?c;Jrn 01 ,.;0,u O tl.cre-ieet, ur 

44.5 percent of the diversions, appears to be exception~ 
ally high. It may be due, in part, to over estimates of 
the diversions but it is not, however, inconsistent with 

T.ABLIJ 35.-Retum toatff bettllt'en Del Ncrrte and .Alamo,a (IO{lta, San LuiB Valley, 1936 

(l.'nlt !.(JO] 1ffl>leet] 

Rio Rlo DI~ Returnll1:m Dlvmloru Retllm 1101•1 To~~ 
Orude D!Jfl!I'- Del Norte. Rio Dl6er· .Mone,e Total TolAldl- tumtlow Orude - ffll'I! 

D4ll. Nom to Monte 0!"1Dde at euee Monte Vtsta dltl'erepoe vnons Del Non.e 
Month -De! Mmrte (l)-(2) to Monte Vista AIUD- (2)-(lll Vu.ta to to Al&maea (3)+(7) (4)+(~) toA.IUIIOM Na1e Vlst& VIit& (4)-<3) ~ (8)-(7) (5)+(D) 

(l) (2) (3) (t) (5) (IS) m (8) (9) (10) (II) (l2) 

Jaiiuuy. -••• ·-·-· •• -··· ••••••••••••••. II.JI 0.3 0 -·-····· 0. i 0 11.4 -0.l ..... ~ ......... -... -..... O.l -0. l 0. J 
~---··-------·-···--·-········ JO.O 1,1, l -J.l 1.8 U.7 -.6 • • • 4. 8 .8 -l.7 • ••• 0. 7 

2.4 
1:u a.o 8.11 8.3 -.e 4. g .I 4.JI 11.0 12.9 1.11 

~-:::::: :: : : : :: : :: :: :: :::: ::::::::: 87. 3 17.3 60. 0 51,4 l.4 2.B H . .S llll.2 .11.7 8(.5 71.e 1.1 
1'.1.2 ua au l!IS.O &l l!.O au 44.0 u 1311.2 149.0 11.8 

lime. --- .•. ·--. ---- . ···-·- ---·- ·-·-·. 8111.l 21.0 Ill, l 7J.B a. 2 2. u 18.1 2.U 7.11 11111.2 117.2 u.o 
JD.17 _____ -··- - • - •••••••••••••••• ·--·- as 8. 5 13.l KG UI :u 1.11 7.8 a. g 17.0 4#-4 I. 4 
Aucust. --··· ••.•• -· •••••••••••• -·-··- 17.5 .11., 32.2 lllll.2 8.0 u 2.2 8. 2 8.0 at.a ... 11.0 

e;::~:=::::::===:======== . 
27', l u 23.2 "u 4. D I.JI 2. f a. 7 4.3 2l>,8 M.8 11.2 
14.1 a., U.7 16.11 4.2 J.6 1,8 6.1 I.I II.I 2.1.0 1.11 
12.f 11. 7 .7 1.11 .8 10.11 -·: i----··--2.1- LI l.JI u 11 

11.7 lU -18 .. ---.. -·- .. -... u JU ., -u _____ ,..,. __ ,,_ u 
To1411-·-·-·-···········----- m.• 1 148.4 32:U 166.0 '1.l 1111, 7 7Q., 1 Ut.lS f U jOO.IS (711.8 76. 0 
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T.u1u 36.-Return uioter betweom lhl Norn and Alamo,a gogu, San Luia Valhy, 19t8-S6 

ftJ111t l,IJOO -.teetl 

--------------------11---1----1--- ------ ---I----- ------------ -
lB'.111 

Rio Or&llde- I>4tl N0116.. •••••••••••• - •••••••••• --.-......... 18. l 17. 3 ZI. 4 
Rio 01'.l!de at A.lull-. ...•..••..• _............................ 17. 8 17. 3 ll3. l 
Dlvf'tlions n.l Norw co Almlloaa •• -------·--·--··-··-·--·---·-- ·-·--·-- ------·· ·-··-·-
R•tut11 l!ow-~ Noirte to Monl.e Vista ••••• - •. - •• - ••••• -...... ···-· ··-···-- •••••••• 
Return flow-Moote Vilt&~-·--··-·····-·····-·---·----·--·-- ·------- ------·· 
.Return llow-~ None to A.lam--···----------------·------- -. 3 o • 7 

1929 
Rio OBl!de-Thiil Norle----··------·---·-·----··-----·------ 13.8 1:Z.2 Ul.0 
Rio 01'1.llde a1,U11.m-·--··-···-·····-·····-·····-···-·-··--·· 11.l\ 11. l 18.4 
DlveniOD$ Del None to Alamosa. ________ • __ , __ ---·-----·---·-------·-----·--·- ••.•...• 
Return Jlow-Dil! N~ CO Moote Vi.ta ________________________ ---··-·· .......• ·----·-· 
Return flow-Mo111e Vlll.l l-0 Alamosa.·-··-··-··-·····-···-··- ····-··- .. --·-·· .•.••.•• Return flow-Del Norte ti' Alamosa. _______________________ .. __ -:z.2 -1.1 .4 

111:!0 
Rio 0~ -Del Nortt---·--·--··-···········-··-··-·····-· 12. 3 112 15.4 
Rio Orude at .Altli:llosa •. ---·-·····---------------------------- 12. ti 17.1 14.1! 
Dlv~l'l!lons Del Nori.e l-0 Alaa>.-••• --.--·-·····-··-··-··------· ----·-·· --······ --··-·--
R~111.mflow-Dei Norm to Monie Vista._ ••••••• ·-··-··-··-·· __ ·-··-·-- ·------- ·--·· ··
Retunl llcw-Mo11w Vat& to Al8.m.o.sa ..• -----------··--------- -------- -------- ---· ---
Juwm llow-Del Nc>rU to Alam<>sa-------···-------.------···- . a ~. 8 -- 8 

1931 
Rio Orande lll!U Th!l Norte- •• -.---··-----··-·---···--------·--· 8. 3 ti. 3 12. 3 
RJ.o O?'Mld• at Ab.m1>1111 •• _ ••• -•• - •• -----·-··-··-··-······--···- 7, 7 12. 5 16. 9 
DlverslOD.!1 Del Norte to A.laulosa ______ • __ •• _ •• _ •• _ ••••...•.•••. ····-··- ·--·--·- I. 6 === t:=~n!~~ ~1~~:S~:::::::::::::::::::::::: :::::::: :::::::: :::::::: Relll!'II flow-Del Norie to Alamosa ___________________________ . -. 6 & 2 ~- 1 

1932 
Rio 01"1!ldf!l81 Del Notte-·-···-·-·-------····-···----·--··--· 11.4 11.3 U.6 
Rio Or&11de ar Alamosa ••.••••. _ •• _ •••••••••••.••••••••• --····· 10-~ 12., li. 3 
D!venlons Del Nm,.e to Alamlll8 •. ----------·-----·-·--··--·-·· ····---- -------- --------
lwturn Gow-Del Norte to Monte Vista.---·-·············--·--······-- ---····· -f.11 
11:etum !low-Moote Vista l-0 AJ&mO!lll •• ··--·····-·····-· ..•••••••..••. --··--·- 6.11 Retum !low-De! Notte r.o Ala.Jno!'lfl ••••. - ••.•.. :.______________ -,g l,2 I. 8 

11133 
Rio Grande 111111r Del Norte _____________________________ •.•••.• Ill. 2 8.1! lt. 4 
Rlo Cll'lllldO at Ala.mon. __ ·-···-··-···-······-· ... ·······-----· 12'. 3 9. 7 10.l 
Dl~ona Del Nort.e to Alamosa .. ---··--··-··-·-·· ............ --··-··- ·-·-· ... ---··-·· 
l'letumflow-De! Nan.a to MoD!e Vi1ta ••.••••• --··-·--·------- •••.•..• -------- --------

,turn &w-Mont.e Vlata to .Ai.moq. ----------- ------·--··-· ---·-·-- --·-·--- .•••...• 
1tum llow-Del Nan., I.O .Al1,1JJOS11 •• _ •• -.................. .••• 2.1 J, I -'- 3 

IG34 
.aJo Grande - Del None •••••• -------·-----···-·--·--·--··-· 13. 2 JI. I 
Rlo Or&11de at Al.llnoa._ ••••• _ ......... --···········-·····--·- 10. 7 13. l Dlvnom Del Noru to AJamoaa _______________________________ -----·-- -----·--

l5. I ,.5 
u .l'l.e~ !low-Del None to MoDte vi,1a ________________________ ••.••••• -a. a = t:=~:~~ ~i!n~~·.:::::::::::::::::::::::: --=i' 5· ~~ 

-u 
3.2 
-,8 

_;i:i:; , 

lUo 1Jl"&Uoe .Jt\lir _)i,!J· .. ,tone+-- ... --~~---- .. ---------·-------- ... --.... J.~ i. l ,.iJ 
Rio 0n1J1de 1111 AIJl.moea .•. --··-· --· •.••.. ··-··- ••• - .. -·····--·- 1- J 6,9 .9 
Dl?ernDIU Del Norte to Alar!IOll8.------ -------·------·-··------ -··----- 4.8 118 
&!Ulm llow-Del None to Monte Vis!&. •.•••••.•••.•• -........ 2.9 -.G -5.5 
Re1U111 l'low-Mcmte Vista to Alamosa _____ ••••• _____ •• _ .• _ .• _. -4. I a. 2 u 
Retuni &w-Del None t.o~-------------------------··· -1.2 2.6 -1.e 

1936 
Rio Orade- Del Norte .••••..••.... ----·--·--·------------- 9. 3 10.0 
Ria 01'1L!lde at Alll.moaa •• - •• ·--------··················-······· g_ 4 ll.7 
DIYel'Slona Del Nane IO .Aiam-.. ---------------·---·--·--·-·· -··----- '7 
Retutn flo•-Del No111> 10 Mo11t.e Vista.-•• - ••••••••• --····-··· II 
Rec.nm f!ow-Mo:ata Vista to Ai.mO!IS •••• -·-···--·--····--·--· . l 
Return ffo1r-DeJ N11n.e to A:1-.mOM> ••.•••.•••• --.--·····-······ .l 

1. 8 
.6 

2.' 

the relath·e degree of return to be anticipated under 
the conditious of "wild flooding" which preYail in this 
area during the short period of the spring run-off. 

For the third unit, the southwest area exclusive of the 
Conejos area., the return-water estimate is limited to 
1936 for the same reason as in the case of the Conej09 
area. Here, again, the available diversion records are 
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31.4 

-5.8 
.ti 

-u 

~-6 
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""3. u 
oo.o 

338-4 
9.1! 

1a.s 
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11.D 
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8. 0 
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2. 7 
12.C 
15. 3 

15. 6 
7. 6 
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3.11 
11.3 

10.2 
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:u 

4.0.8 
1.6 
G.8 
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HG.O 
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!.!ii.I! 
-10.0 

111. 7 
11.7 

7V. 3 
2. 7 

*1& 
-3.t 

u 
ii.II 

Ji. 7 
1.8 

17.4 
.II 

3. 7 
4. 5 

l:IS.O 
11.6 

150.2 
12. l 
10.6 
~7 

39.11 
2.6 

42.4 
u 
u 
u 

cs.a 
:.t. a 

1K. e 
.6 

7.f 
8. 0 

)114. 0 
&I.I 
73.8 
12. 2 
1. 7 

JIU 

511.1! 
3 • .:1 

ell.I 
7. l 
5.11 

13.0 

18.1 
1.5 

2:1.l 
.6 

4.4 
4.11 

lllll.D 
2.5 

100.11 
-10. 7 

&l 
-2.B 

311. 4 
2.3 

~I 
2.1 
11.3 
8.0 

111. ti 
l. 7 

IIU 
u 
4. 0 
5. 2 

;-a.~ 
1.6 

82.7 u 
· 7.2 
12.1 

37. II 
3.2 

411.4 
4.0 
G.O 

12.0 

2:1:0 
1,3 

30. 6 
1.8 
fl.I 
Cl. g 

82. 7 
MU 
30.5 

6. 8 
l .• 
7, 2 

23. 8 
l.O 

29.f 
2 .• 
4.0 
u 

23.1 
I. 2 

27.3 
l.{ 
'-0 
6.4 

30. 6 
I. V 

34. ~ 
l. 4 
4. 4 
5.i 

27. l 
l. 3 

31.2 
2. 5 
2.0 
.i.4 

l7.11 
l.O 

:311.0 
0 
3.1 
3. l 

21. g 
l, ~ 

36. 2: 
5.1 
4. 7 
9.8 

27. l 
1.,5 

U.8 
4-g 
u 
fl.2 

22.1 1., 
lla. l 
-.a 
6.i 
!H 

67. 7 
40.e 
14.2 

.. -.. _ ... __ 

·i::jfii 

2f,5 
l-4 

29. g 
3.0 
3. 8 
u 

3CH 
.g 

1e. 3 
-14.1 

.v 
-13,2 

26. 3 
], 9 

2-'d 
-.{ 
J,g 
J. 6 

:u. 2 
1.0 

27.5 
I. 2 
3.1 
4.3 

14.' .e 
21. l 

.o 
G.7 
7. 3 . 

JQ. 5 
3.1 

:ZS.8 
l.8 
5.l\ 
7.4 

I.'!. l 
l.ll 

21.0 
4. 2 
3. 3 
7.l! 

17. 9 15. l 676. 7 
JO. I JI. 7 152.9 
11.0 ................. 62g, 7 

-4,0 _,.._ ... _ .. _ 1-:16.0 
2. !I ....... , , .. , 44.9 

-1-8 -a., 6.9 

23. 4 Jf. l 897.6 
211.2 19.8 310. g 

...... -- .. -.. ..... -.... -..... I ffl4. 3 __ ... __ .. __ .. _____ ... _ Hl.4 

----i"s" -------- 140, 6 
~. 7 •H. 7 

12,; 12.l 5.51. 6 
7. i 8. 3 90. g 
6- 6 4119. l 
I.!! I 6. 7 

-.& .. ::a:s: 1:JO.l 
.o 33.' 

112 10. 2 301.3 
3. & H.O M.6 

··=ii~?° ..... -.... -... ~i.5 
I -:Ill.I 

-1.9 _____ ,.&, - I lJO.i 
-,8.& .8 11.8 

10. II 11.5 811.5.1 
IL 5 lli.l 190. I 

... -.... --- ----- .. -- 715.1 
J. J ................. _ • -'6-2 

-.5 --·Ti" • eo.• 
.6 21.I 

14,7 12.9 ll(K, 6 
u 13. 4 ee., 

.. :.:-t~e" -.. -----· 458. i 
I -l.8 

-6.11 I fl,2" 
-10.s .s 21.11 

11. 3 8. 3 DH 
.9 8.:.: 48. g 

II.I! --··.rii· aori. 2 
-l.9 I --0. 3 

I.I -2. 1 1 40. 5 
-.8 - 11. 7 

1:u 8. 3 li83. 5 
6. 8 JI. I liS.8 

12. 8 ·--··:1,· ll'l1U 
-.7 14. 7 
0. 5 I, g 71.5 
5.11 2.8 8d.:: 

12. 4 11. 7 472. 3 
10,lil 12. 2 Ill'. 7 
3.6 ·---i:i· 479.8 
.8 a1.1 

J.3 • 7 4".9 
2. l 2. 6 7G. 0 

• Februlll")' to Deoembu, inc.luslve. 

largely those of the water coJ:Wlliasioners. This unit 
comprises the a.rea south and west of Rio Grande served 
by southern divemons from the river between Del 
Norte and Alamosa M.d by Rock, Alamosa, and La Jara 
Creeks. As shown by table 40; the :return flow of this 
unit in 1936 is estimated to have been 31,600 acre-feet 
or 12 percent of the diversions. 
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TABLE 37.-Rio Gra,.. dir,e,raitm, to the clo,ed ba.ttn, San Luu 

Valley 
ru:an 1,000 .-.. i1 

Yeu lm8 111:111 llllO Ilai3J 11132 li33 J!aU 1935 1113e MN<D 

,__ - - - - - i-

Total dlvllll"llollil bet•-
Del Ncrrw U1d .&Ja. 
- lliC'8S •• • ••••••••• an 84..3 4119.1 3117.5 716. l 460.1 D.l 870.; u11.a 611.8 

Dl"flll'lllom lo UNI ~ 
lNIIID-·············· •11 -.1 :2115. 2 UIO.O '42. j 27&6 1«.a 413.3 218.2 300.0 

Claled b6IJJI dlVeralOJU 
l.ll w111,11t or tot.lJ •••••• q;: as al 49 C GO 47 52 Ml M.~ 

Rw Grari.de Joint lnvtatigation 

T.u1LJ: 88.-Momhly distribution of refarn water bfl.ween Del Norte 
and Alamosa gagea, San Luu Valley 

Montb 

1&11UJU°Y ..•.............. 
!:!.~:::::::::::::::: 
ti::·············-······ 
JW!f •••.••••••••••••.••.. 

11-. 

.ll.tnfD water 
JII pj!l"llellt of 
total &nlll.Ull 

ntnm 

1-1.8 
:u 
0. 8 
a.o 
7- 2 

22.1 

Month 

Jul:, .••.••.......•....... 
AuEUst. ................ . 
Sep~mber ...•.••.••••••• 
October ••••..•...•••..••• 
November ...••.••.•••••. 
~bw ••....•.•..••... 

ID.3 
U.6 
ll.O 
ll.J 
le 

... 2.6. 

T.uu 39.-Return water in the Crm.ejo1 area, San Lu.is Valley, 1936 

(Unit 1,00'.l lt!ffl-l'MtJ 

Montb 

J&11o.atY-···············-·--······················ 
Fl,l)nury ••••.••.•••••.••••••••••••••••••••••••••. 
M&reb--··············· -.. ····· ...... ·-......... . 
=i-~:::::: ::::::: :: ::: :: ::::::: :::::: ::::: ::::: 
J'iule_ •• -· ... -..••.••. -••.•• --••.•••••.•• --··· •••• 
JQ)y ....................... ---··----·······-··-· .. =bw ...................................... . 
No'9Dlher •••..•..••..••.•..••..•.•••.•••.••••••.. 
D.oember .••••.••.•••..•.•... ---- --··· .. ·-··- .••. 

Conejos 
Rhvnear 

Moeote 

{I) 

2.1 
u 
3.11 

47.0 
87.9 
3U 
8.8 

iaa u 
11.4 
7.o 
4.1 

i...Pmoa Ban A.II• 
RlverMBZ tonlo Rh-.r 

Ottll: at Ortlz 

(2) (al 

I 0.11 I 0.2 
l!.O '.3 
I 1.0 I .j 
au U.ll 
u.4 4.0 
8.4 .a 
2.a •• 2.11 ,II 
2. 0 ., 
3,3 .5 
a.o .II 

11.7 I .4 

Total fn. Co11.11Jos 
!!ow (ll+ Rhwnear 
m+m La llauaes 

(4) (.5) 

3.2 4.0 
S.ll ,.a 
5.9 l.ll 

90.1 M,3 
laf.3 ISU 
43.0 «_g 
U.5 .2 
27.l 2.8 
12.1 2.4 
13.2 !.4 
u.~ 7.1 
G.2 5.4 

La18J'll Total out- Dlft'ere11ee Dl11trslons JletUl"II 
flow below !loov Drala (5)+(6) (f)-(7) 

PIM (9)-(B) 

{8) (J) (8) (9) (10) 

(I) 4,0 -0.8 ....... -............. ~-- 0.8 

r ,.a -.ll .8 
1) 3.8 :u 8.6 6.5 

(I) 64.3 44.8 52.0 7.2 
0.2 Sll.4 611.9 1211.7 116.8 
.5 3.4 ll7.IS n.e tO.O 
.2 ., ll. l 2'.U 11.0 ., 3.2 13.11 20.8 6. g 
.5 2.9 9.2 11.3 2.1 
.e 6.0 7,2 lU ft. 7 
.8 7. 7 3.8 l!.8 11.0 

(') 5.4 .8 '"'---- .. -- ..... - ... -.8 
1----1-----1-----1----1----1-----1----·l----1----l---

Total ••.•••••••••.••••••.••••••••••••••••••• 231.4 116.8 23. 7 a.ao. g 100. I ao Jll3. l 1.87. 8 337.8 !Ml. 0 

IJ!:stl~. • No NlllOrd. 
NClff.-Total return !!ow Is 44..5 pe?'(!llllt Of dl-nn!DUB. 

T ABLlt 40.-Retu.rn waltr in the ,owhwe,t area e:z;dll.#itte of the Crme3011 unit, San LuitJ V aluy, 1938 

!U.nlt 1,000_.reetl 

Dlv1.<motll! .AJ.moa Tola! Out.now 
Rock Ct1U Cm,k l.&1!1l11 Rio 01'8.llde BatUl'n lotbe- _.Mo.nt. ~- Cl'lld: nt!IIIII" Rio Onwde La.18nl IDJ!ow above DlffereDoe Dlvmlons !!ow 

Month from the Vl.ata ~ Cal)lilln at Aial:o.oa& Dnl!n ~ to (8) Trlnclma (7)-(8) (10)-(i) RloO~ ~Olr elusive Creek 

l {) '2 ) ' 3 ; :;) ., 
3) )) .01 di 

]mUU'l/............................. ............ I 0.1 2.1 I 0. 2 

~:::::::::::::::::::::::::::: ....... Tf' . g I:: ::; 
ti::.::::::::::::::::::::::::::::::: ~i I g :\t~ I u 
Jmie................................. 34. 7 .8 13. G • & 
J'ul)'................................. !iil.4 .5 11.8 2.0 

t:~::::::::::::::::::~:::::::: ii: I 1
:~ U J 

0.bilr.............................. 3.8 .4 l. 9 • II 
N-bilr........................... 1.3 .4 l.8 .4 

IU (i) ll. 8 I 9. 4 2. 4 ,._.,,_..,~_ .. .,m ... __ -2.f 
U.7 I~ H.O 112. 7 l. 3 -l.3 
4. g 12. C 110. l 2. 6 1.3 4.B 
2.8 4ll.G 14,G 3'1.0 42.1 a.1 
a.o 0. 2 84.4 11. 2 73. 2 IIU lJ. 3 
2.. .~ 153. 0 3. 7 49.3 57.3 8.0 
l,'.O .2 2U .3 2'. 2 22'. 11 -u 
:t 2 .4 ac.2 u 2,U 2U -{I. I 
l.~ .& 18. G t. a l«. 3 16. 3 1. 0 
L6 .o 8.S u 2. 0 11.2 4. 2 

l0.11 .0 1~4 l.5. ! -.l l-8 1.9 
12..2 14. 4 14. 9 -.5 ~ ..... -.... -... _ ....... 0. & n-»bw........................... ............ 1.2 1.8 I. 2 

r----1-----1----1----1----1----1----1--
(f) 

Total .•••.•••.•••.•.••..•.••••• 1112.8 1.11 80.8 11.2 

I B,Um.ated, 

Nou.-Tolal .l'l!to.m llow l.!112.0 perce.ut of dlff11'91ons. 

An ansJysis of the 1936 return Bow to the section of 
the Rio Grande between the .Ala.mosa a.Dd Lobatos 
gages is given in table 41. Exclusive of the inflow of 
Trinchera, Conejoe and Culebra creeks1 totaling 1681400 
acre-feet, this shows a net return in the section of 53,000 
a.ere-feet, 38,800 8Cl"'e-feet from .Alamosa to Trinchera 
Creek and 14,200 acre-feet from Trinchera. Creek to the 

118.'l 3.,0 331. 4 1118.4 mo ZU au 

• No reoord. 

Lobatos gage. Including the inflow of the three creeks, 
the total return in the section was 221,400 acre-feet. 
For the.years 1930 to 1935 data. a.re available to derive 
the total return iJ:i this section, but the lack of a record 
in these years of Rio Grande flow above Trinchere. 
Creek prevents segregation of the return to the two 
sections, above and below Trinchera Creek. An es-
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TA.BI.I: 41.-Rmirn WG!er between AL:unosa cmd Lobmo, gages, San Luu Valley, 1936 
{Uult 1,000 a.ci-e-leet) 

Return flow Total ID· CODejos Net return 
Rio Orande Rio OnDde Dltl'el't'IIOI! 
au.iam- ~':,!·~ (I)-(2) 

D!vnom .Alamoa to Rio Otande flow Trln- Trlncbera River ai:id flow Trill· 
Netretuni 
flow Ala-

below AJa. 'l'r!DclH!ra ueat ebera Creelt Creelt at Culebra chera Creek mose to 
mcaa Creelr .Lobatos to Lobal.oi mouth Creek at 10 Lobatos Lobal-OS 

(4)-(3} (8)-(2) mmitbal (7)-(8+9) (5)+(10) 

(l) (2) (3) (4) (4) (G) (7) (8) (fl) (10) (U) ... 
...,.. 

I 0. 7 4. 0 L3 L3 
lLO 4.6 1. a 2.5 

~. 7 3.8 I. 4 &.G 

1&11uan' ••• -------······· · ·---------- 11. 4 '11. 4 ]l'ebnu.ry............................ 11. 7 I 12. 7 
MIU'1lb ............ ···-------- •••••••• t. !I t 10. l 

0 m.,-- ..... - .. ,..--.,._ 0 15. 4 G.O 
-LO .. _ .. ,. .. ~u•-•"'- l. 0 111. 8 7, l 
-u -- ... __ ... __ 9 -- 6. 2 111.0 ,i g 

1,3 M.3 l. 2 3.0 
.2 M2 2.1 !1.8 

0 t.9 2. t G. 6 
0 .2 ,8 1.3 
.t 2. fl .!I 3. 7 
.G 2. 4 ,t 3. 2 

l. 2 5.4 ,4 ~. 7 
2.0 7.1 .I 4. 7 

tK:·.::::::::::::::::::::::::::::::: i ~ 1Ig 
1lllli! •••••• ··- ••••••••• •••••••••• --- •• 2. 9 a. 'l 
JulY-----·---·---···········••••••••• f 82 ,28 
A"lllt!St .• -- • • • • •••• •••••••••••••••••• "' ... 

=her:::::::::::::::::::::::::: t: l: 
~Iler----------·········-------- 10.!I l.5.4 

-1.8 •••. •••• 1. a" 1.8 II0.4 &5.8 
-G.2 7.7 'I'll. 7 87.$ 
-.8 a. 4 "2 u.o 7.3 
.2.3 3.0 .7 Ll .8 

-Lll l. 2 :u iil.O 4. 2 
-2.8 --·-9 ..... 9-o,99 u 7.7 &4 
-11.3 -.................... _ ..... 5.3 13, 11 7.0 
-4.6 ------------ t.8 :H. 7 11.2 

II. I a. 4 1.9 4,6 Deaember •••••••••.••••••••••.•••.•• 1 ___ 12._2_1 ___ 14._v_l----l----1----1-----1----1----1----1----1-----.2.7 9-.,--.,m ....... m,. 2. 7 23. 3 8.' 

Total.......................... & 7 88. 4 -29.7 ru 

tima.te of the net return :requires also that Trinchera 
Creek inflow be estimated. The data are given in 
table 42. Th.is table indicates a mean return flow, 
exclusive of the creek inflow, .Alamosa to Lobe.tos, for 
the 7-year period 1930-36t amounting to 57,200 acre
feet, with arangefrom29,100 acre-feet in 1931 to 100,800 
acre--feet in 1932. 

For the remainder of San Luis Valley, comprising the 
closed basin and southeast area, few return-flow de.ta 
are available. In the dosed basin there is no return 
to Rio Grande except by the Rio Grande drain. Other-
ise, return from irrigation travels toward the sump 

and is lost by evaporation or through transpiration by 
native vegetation. In the southeast area the irrigable 
lands far exceed the area. w.bich can be served by the 
water supply of the streams. which ~e completely 
:-eg-.iiat.atl. 71:th :euse M :ret:.:..-= Jow :n :.'le ~ewer ;,..reas1 

there is1 therefore, little retum to Rio Grande. 

TABLII: 42.-Rm!urn water bdwun A.lamoaa and M>~ gagu, 
San Luu Valley, 19SO-S8 

[Unit 1,000 IIM.ft-ht] 

Total Net 
nmu-11 

Bio D!vat- ldo'II' '1'rlD- ~ .Gow Ria OlliZlde nur.. sloml AJa.- _.. 
./:u AJa. Ol!Qlde 

T: 
elltle below IDCllla Creek -Year IP4 .Ala,. Cl)- A.la- to Lo- at IP4 to Lo-- ~ 

(2) - b&&al moot.Ii moat.h tatos <•>- (6)-(J) (6+7) 

(1) (2) (3) (4) (5) (II) (7) (8) 

--------
UIIIIO ••••• -·-··· 11111.11 m, -na.11 4.11 !M.4 I G. 0 UlU IU 
11131 ••••••••••• ae IAI -au 7.4 117.3 1 f.0 iU 111, 1 

'1111112 ••• ······-· Ull.l -· -a.a 12. ~ 4Ul.8 I 10. 0 -.o 100.8 
11133 •••• -···- •• au .1117.0 -I'l'IU 7.11 177.8 'G.0 U0.11 tlU 
111114 ••• ----·-·· 411 II.I --&11 9.1 lll.0 l «.O lnll IN.2 .... ··-···-·· ... &1 -lllll. II I!. 5 274.8 •&5 nu 81,3 
111:1111 •••••••• -. . ..,. 81.0 -212.S 11. l 21111.4 &2 U0.1 Al 

M-.-· •• Bl.II -JILC 9.1 DII 0. 7 111118.CI 17.3 

·~-
NOT&.-Culebra Chet Idaw probablJ DIIIClllibll!; tab.Du uro. 

2145 88 5 

as llfll.O 18:1.8 &2 UMJ.2 H.2 M.O 

I Estimat.ed. 

'n.e Middle Sedlon 

From the result.a of the 1936 investigation some data 
are available to furnish an idea of return. flow in the 
Middle Rio Grande Conservancy District. As brought 
out in the ground-water investigation of this area, the 
flow in riverside drains of the district is made up almost 
entirely of direct seepage from the river. The flow in 
the interior drains may therefore be taken as represent
ing the total return .flow from irrigation plus intercepted 
underflow from the mesas. No determination of the 
latter ha.s been made but in the report of the ground
water investigation it is estimated at 501000 to 100,000 
acre--feet for the vnlley from Pena Blanca. to &.n Mar
cial, a distance of 150 miles. 

The fiow of the interior dra.ins of the conservancy 
iist..--'.ct :.S :neasu:-~c :.n : 92,6 :s _p7eu JY ii,.,.s1ons .n 
ta.bl~ 43. The ·1935 irrigated acreage for each division 

T.uu .. E 43.-~char_ge of irnerim- drain.a of Middu Rio <hafl.de 
CtmamiGmy Diitrict, 1988 

["thlftacre-Ceetl 

D!vislou C42llblaed 
flow of Al-

Dis- bu:r:3:e 
M:Glltb Albu· tril't m n 

total dlvlmollalll Cochltl 111181'· l:klan ScloolTO ~Col que -Ulllflow 
~ -

~--··-··-··········· 
40II 3,600 4,900 2. '700 11.600 0.8 

"° 2. 700 ... 100 2. l500 11, 74'1 4.1 
~--···· .... ·•··· -·--· G 8,400 4,300 3,000 u.100 u 
=::::::::::::::::::::::: DO 6,IOO e.wo a. 400 l&.IIO 1.7 

m 8,800 7,IOO 4,300 18.870 10.8 
1-., _______ ···-·········· tOO 7,800 II. '1'1111 a,:wo lll.000 10. !I 

•-----·---··--·--· 
-... 9,3!0 2,700 17.DO 10.11 
HJ 7,400 MllO 2,11100 U!,Hl :IG.2 
GO 11.1100 11.300 2,400 a.ao I.II 
410 4,800 6,100 uoo ll.111.0 1.0 

NONl:llblr-••••••.•••.••••• GO .... a.aoo UDO a.no 7.1 

~--·········--····· 480 uoo 1.100 2,700 u. 'l10 u 
Y.-•.. - ..........•. 

4, -
... 67, 'J'GO 11114,IIGO 17'3.tllO lOII. 0 

t:,_~1111eiiieriirJ:· um 112. 8111 :n.• 1.m 11111,lall _____ ..... _ .. _ .... 
~ --··············· O.M 2.118 .2.IM 4. 'n 2.112 ................ -..... --
~t ol lGl'M df"'9nlkmll.. IU 31.7 :JIB.l EU ao -···-···· .... 
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Jl'rouu 21 -A J'ivll!llide dra.ln ~ '-tile, Middle Rio Grande ~ 
DIW!et, Nn, Muloc>. 

Rio Grande Jqim lntJestigmion 

is given. also and the drain .flow in acre-feet per irrigateo 
a.ere. The latter figures for all dinsions except Cochiti 
appear to he rather high, especially that of 4.77 acre
feet per acre for the Socorro division. This division 
is verv narrow. and urobablv :ts i.nterior in.ins -:-<:i-.. . .,. . 
!mve :iome ·Jirec-c _;,eepage }rom -:.o.e _,,er. .3ome ~asw 
may also be included in the drams at the points of 
measurement. 

The monthly distribution of the d.raine.ge return as de
rived from the cqmbined flow in the Albuquerque a.nd 
Belen divisions is shown in the last column of table 43. 

The data obtained in 1936 do not afford a comparison 
of the dr&inB.ge retum with net diversions. Gross di
versions only a.re available, and because in the conserv
ancy district a great amount of water is wasted back 
to the river below the points of diversion measurements 
(only a small port.ion of this waste was measured), there 
is a wide difference between gross and net divers.ions. 
The gross divel'Sions to the divisions of the oo:nserva.ncy 
district u given by the 1936 measurements are shown 
in table 44. These £gu.:res represent the diversions to 
the division less the discharge of the ca.nsls flowing past 
the lower boundary of the division into the succeeding 
division. The total of the gross diversion for the district 
is 617,000 acre-feet, and the tot&l drain flow of 172,490 
acre--feet is 28 pe.roont of the total gross diversion. The 
dn.in. fiow in percent of the gross diversions by divisions 
is given in the la.st line of table 43. 
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(len.eral Rt.port 

Tb Elepunt Butte-Fon QaJtman Section 

Except for the Rio Grande Project, drainage data for 
,;his sootion are incomplete. On the project the dis
charges of the dr&ins of each division, Rincon, Mesilla, 
&Jld El Paao, have been measured for many years1 and 
the data a.re avails.ble to derive the net diversions in 
each division. Co.JII.Paruon of drain.age return and net 
diversions is therefore possible. Table 45 gives the net 
diversions and drainage retum in acre.feet and in per
cent of diversions for ea.ch division and for the total 
project for the yes.rs 1930 to 1936, inclusive. It will 
be noted that the percen~ return is high, the 7-year 
mean for the project being 50.3 percent. An importtmt 
factor contributing to high return is seepage losses from 
the very large mileage of main cana.ls and laterals re
quired to irrigate the long narrow valleys. 

T.A:aLE 44.-Groaa rit.er di,nrewm in tM Mi.ddll Rio G-rande 
Commioncy Dwrict, 1986 

!Umt acre·f11etJ 

DJvwon 

Month 
1----------.....,...-----,---~1Dtw1~ 

Cochltl .Albu
Qutl'Que 

t-Ot&l 

--------r---------------
Ja.nuazy....................... g 
~~:·:::::::::::::::::::: 0 

0 10 
0 lQ 

0 '0 

I 0 0 
10 0 
'0 0 

tl:;1:::::::::::::::::::::::::: :: = 
-1mll--------···-·········----- 16::J 

~1 ··--···--··--·-··-·------- 12; 300 
.,e=iiei:::::::::::::::::::: 28,700 
Odober....................... \~:l 

11,600 28,100 
Jll.000 17. IIOO 
11,000 111,IIOO 
a, IIOO 34,fOO 
11,l!ll)O 80,000 
7,300 27,400 
7,QOO :H, llOO 
7,800 JO. 700 

11,800 78,900 
11, 3ll) lil!,800 
11,400 IIUOO 
7,800 82.400 

11,000 IJ3, JOO 
7, .BOO llll.~ 
11,400 a&, IKIO 
a.aoo 41,400 No,ember.................... .., 

0 Deai,mber ••••••••••• -- • ------· 1----,---1----1---i---
Year ..••.•••••••••••••• 240. 'IOO 

11,900 uoo 0 12,.00 

75, llOO Zle,000 &.300 817,000 
A~ lnlpll!d.............. 23.~ 
Dlvnon~ In !lt:ft'-filet per !rri· 

6.:3118 22. e1g 7,:m Ml.150 

:al4.l!I =-·---·------ .. --.-; .0 . .;a ... ,-0 ,L.S l..J3. :o. -t2 
I 

The monthly distribution of the drainage return as 
derived from the 1930-36 me&D.S for the tota.l project 
drainage is as sho"WU in table 46. 

55 

Gnud Water 

Another source of water supply iD the upper bas.in is 
the water collected and stored in its underground :resar
voirs. These are charged by percolation from rainfall 
and from water applied in irrigation, and by seepage 
from canals and natural stream channels. Withdp~s 
or discharge from the ground-water basins may occur 
through pumping, the flow of artesian wells and springs, 
evapo-tra.nspiration losses at the ground surface where 
the water table is high, artificial drainage, and under
flow, of whicli the latter may appear a.s inflow to strea.m 
cha.nnels at lower elevations. 

TABLE 46.-Monthly dittributiofl oJ drainage return, Rfo Gran.de 
Project, 1930-S(J 

Total project dn.lD· Total proJeet dtam-
ace "'tun:i mean ace "'iiin:i mean 
tor ,- lll30-36, tor fWS 1930-36, 
mcl1Diff. i11clilsive. 

Month Month 

In per- i 
lu J,000 ID~-In 1,000 Qlllltol I Ol!!ltot --t aimual IIC!'t-feet lfolWW 

---
• IUlUAl'Y -•• -••••••• 18.4 s. 2 AUIUllt .••••••••••• fl.O 11. 5 
J'ellruarT.--······ l8. 0 6. l Sepi.mbet ••••••.• 37.1 ]0. 4 
MArcb •••••...••.• 24. 7 7.0 Oc&obc ••••••••••• 211.4 ll.3 
tJ::-·----·--··--· :tu 11.0 November ..•..•.• II.I a. 6 

aa.o 11.8 December ......•.. 21.l 6.11 
Jtme .........•.... 1118.2 JO. 2 ------Ja.J:v •••••••••••.••• 311.6 11. l AJmuaL. ••• 3M.ll uno 

The principal ground-water basins for consideration 
with respect to water supply in the upper basin &re 

these underlying the San Luis Valley, the Middle 
Valley from Cocbiti to Sa.n Marcia.l, and the Rincon, 
1:fesilla :mci "J.:I ?'3.Sc 7'lile'T'3, "".::: .::cz:e ii :b.ese :i.raas 
i.a.s grounci. wa.ter ~n · ~tilized. oo any appreciable 
extent as a primary or basic source of supply for irriga
tion, although the extensive control of ground water for 
the practice of subirriga.tion in western San Luis Valley 
e.rea.s might be considered as an exception to this state
ment. Moreover, there appears to be no immediate 

TABLB 45.-Nllt diHrnona and drain(Jfe return, Bio Grantk Project, 1980-36 

{Umt 1,000 BC111-leet e.zcept III o~ notedJ 

IUneon 

Y41U 
Dn.lup m1ll'D DnJJlllp Mlll'll D~retum ~~ 

Netdl• Not di- Ne& di- Net di• 
TIIBlon l'limantoi ~ l'erlllm!t or ftl'IAOD ~tof fttlloll ~&of .Alno11Dt .A.mooDt A.i:Pount ,.._, 

di~ dJffnlOnll di~ 

--------
ID30. .••••••••••••••••••••• --··-······ •••••••• 04,4 al.9 ,,u Ol. I 1118 •• '3.4 a1 u:u 4,11,f 'Ta8.& MU 46.0 

411.0 88.7 67.ll 410.7 lllU ,1.11 237.0 m.2 IU 7U.7 NU au 18111 •••••• -- •·••••• •••• -···-········-····· •••••. 73.11 18.2 llll.O OU l!M.4 K2 /.IM,ll Qll,O au 788.0 m..e 411.0 Ulla. ••••• - •• ·---····-·· ···········- ••••••••• --
l8S2 ••••••••• - ---·····- ·················-··-. ·- •• 811.4 41.0 S.l 41U a4 68.f "3.f m.2 MU 7211. l au 6U 
111:14 ••.•••• ·-·--··-·· -·····-···--···············. 82. 7 40.11 49.& OU 217.8 61, l ZS.3 132-8 au 774,ll IIIU IU 
11135.. •••••• --••••••••• --- ··-··--·--··-·········· M.3 •• 62. 8 a1 117.l ao UIIU 11111.6 Ill. I HU IIQ:U 116.3 
llliSO ••••••••••••••.•••••••••••••••••••••••••••••• a.o lll.11 4.6..1 ., JIU au =1.4 113.11 a.s 1!1111.:1 nu •• === 

-~ 'lln •••••••••••••••••• --- ·····- •••••• -----····· Bl".O 11&.0 82,::11 WU ltU 411.11 2(2.1 127.7 m.1 7tl6. Iii W.G .60.3 
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probability of extensive ground-water development as 
a basic supply I except as the :recurrence of dry years 
may result in increased pumping in Sa.n Lu.is Valley, 
or Wagon Wheel Gap Reservoir, if constructed and 
accompanied by power development, may create a 
condition favorable to ground-water pumping in that 
valley. This investiga.tion accordingly has been con
cerned with the relation of ground water to present 
utilization of surface supplies and to present losses by 
evaporation and transpiration in seeped areas, rather 
than with potentialities of ground water as a basic 
supply. It is to be observed,in general, that extensive 
development of ground water for irrigation would add 
no new water to the Upper Rio Grande Basin and that 
recharge of the ground-water basins would necessarily 
involve a dra.f t on surface supplies which a.re now 
utilized otherwise. The chief element to be considered 
in such a development would be the :redistribution of 
the availability and use of present supplies and the 
resulting effect upon the water supply of lower major 
units. 

As a part of the Rio Grande joint investigation, the 
nature and occurrence of ground water in the San Luis 
and Middle Valleys was studied by the Ground Water 
Division of the Geological Survey and the report of 
that study constitutes part II of the present report. 
Some of the salient features of the study are :reviewed 
in the following paragraphs. 

San Lm Valle:, 

The entire floor of San Luis Valley is underlain by a. 
body of unconfined water at shallow depth. The only 
major :e..,.~!oi;,me"!:: ::· ·.:is Jc.:!y ,f g:-c1.m.d. -v1~u·. -vith 
the exception 0i n.s control for subirrigation in parts 
of. the valley, has been the construction of stand-by 
irrigation wells in the agricultural area on the west 
side of the valley, where the wells are used in periods 
of water shortage. Beneath the shallow ground 
waters, and separated from them by a confining bed, 
lies a la;rge body of artesian water, occupying numerous 
etr&ta in the valley fill. The artesian water has been 
developed extensively for domestic, stock:, and irriga
tion purposes, more than 6,000 flowing wells having 
been drilled. The principal features of the 1936 in
vestigation were the measurements of water levels and 
fluctuations of the shallow ground water and an 
inventory of the disclmrge of artesian wells. 

U'nCfmji:ria or ,Wow grou:nd water.-The shallow 
valley fill which contains the unconfined ground water 
iJ:i present under the valley floor as a continuous deposit 
ranging in thickness from IO to 90 feet. Beneath it a.re 
the impermeable beds wf¥ch form the upper con.fining 
surf ace of the artesian basin. At the edges of the valley 
floo:r these impermeable beds 11fe&t.her OUt" &nd there 
e.re marginal strips of unconfined ground water. Thia 

Rio Grande Joint Investigation 

water, moving laterally toward the center of the valley, 
is a common source of supply for both the shallow and 
artesian ha.sins. 

The yield of shallow wells in the valley ranges widely 
in accordance with the character of the sediments of 
the valley fill. An investigation of wells sunk for 
irrigation pumping in nearly every pa.rt of the valle;r . 
showed, in general, that the successful wells a.re all ~n 
the west side of the valley, on or near the alluvial fans. 
The greatest concentration of irrigation wells is on the 
Rio Grnnde alluvial fan. Another group is ea.st of 
the Monte Vista Canal in the Bowen-Carmel area a.nd 
there are a few scattered wells on either side of Rio 
Grande in the vicinity of Parma. The average yield 
of wells in these areas is about 850 gallons per minute; 
some wells report yields up to 1,600 gallons per minute. 
In the central and eastern parts of the closed be.sin, 
practically all attempts to pump for irrigation have 
failed, chiefly because of the inability of the sediments 
to yield water readily. 

The form of the water table in the closed be.sin as 
shown by ground~water contours plotted for October 
1936 shows a. close resemblance to the general form 
of the land surface. The water table slopes from the 
west, north, and east toward the trough of the valley, 
and the lowest point is about 6 miles south of San 
Luis Lake. Here the contours indicate e. closed 
depression with the water table sloping toward it on 
all sides. From the Rio Grande alluvial fan the 
movement is toward the northeast, east, and southeast, 
but there is indication that along the south side of 
this fan. and north of the river between Monte Vista 
ma ~a.mo1,11, :he :nov tm ent ~s ·,nwarci ~ne J.io tz"r.anue. 
With the latter exception, the October 1936 contours 
indicate the.t none of the ground water of the closed 
basin is moving out of the area. 

Except on steep alluvial slopes and fans, where it 
ms,y be 100 feet or more, the depth to ground water 
over most of the valley floor does not exceed 10 feet. 
Depths-to.water contours for July 1936 show less t.ban 
5 feet over app:roxim.a.tely 70 percent of the closed 
ha.sin and from 5 to 8 feet over 20 peroont of it. In 
the Bowen-Carmel district a.nd . the general area east 
to the river, they show less than 5 feet in most places, 
with an inc:ree.se to the west where the alluvial fa.n of 
Ga.to and Alamosa Creeks begins. 

Fluctuations of the water table maintain a balance 
between the annual a.mount of water replenishing the 
underground supply and the annual amount with
drawn or discharged. In San Luis Valley the fluctua
tfons follow closely the seasons of the year, but they 
are not uru.f orm throughout the valley. In the western 
areas, where subirrigation is practiced, there is a sharp 
and pronounced rise of the water table at the begin:ning 
or the irrigation season, usual.ly about April 1. At 
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the end of· the irrigation season there is a gradual 
decline which continues until the beginning of the next 
&ea,8():11, In the northern, centralt a.nd eastern parts of 
the closed basin, cropped lands give way to meadow 
and brush la.nds. Water is applied to most of the 
meadowlands but.not to la.nds supporting other native 
vegetation. However, such vegetation is comprised of 
ple.nts tha.t "feed." on ground water, resulting in a 
lowering of the water level during the growing season. 
A gradual rise ensues through the winter, after which 
percolation from spring thaws brings about a sharp 
rise. The water level then remains high until the 
,itranspir&tion draft" is resumed. Lowering of the 
water table due to standby imgation pumping in 1936 
was quite marked on the Rio Grande alluvial fan and 
in the Bowen-Carmel area. The decline began in 
June and there wu no appreciable recovery until well 
into September. 

The sources of ground-water recharge in San Luis 
Va.Dey are stream flow, irrigation diversions, utesian 
well flow, and precipitation on the valley floor. All 
streams entering the valley must flow across the border
ing s.lluvial slopes, the texture of which is conducive to 
high percolation, and large losses to ground water 
result. Measurements of Rio Grande losses in a short 
section below the Del Norte gage, situated close to the 
apex of the Rio Grande alluvial fan, range as hlgh as 
100 seoond-feet or more. The highest measured loss 
between Del Norte a.nd Monte Vista in 1936 was 2,345 
acre--feet during March and April, equivalent to a 
continuous flow of J9 second-feet. Similar]y, on 
Conejos River between the Mogote gage and Conejos, 
losses be.ve l:leen :neasured !11 ,::er~n.in 7eri,11s :t' ~e 
Jell.I' :ful.., :a.ng-eci ip ,:.o 22 ,;econci-ieet. 

During the irrigation season practically the entire 
flow of Rio GHllde and other streams entering the 
valley from the west is diverted for irrigation, largely 
on the Rio Grande alluvial f a.n a.nd that of Ga.to and 
Alamosa Creeks. With the types of soil and the meth
ods of subir.rigation prevailing, there is abundant 
opportunity for ground-water recharge from irrigation 
in these areas. Without doubt there is now a much 
larger recha.rge to the ground water than occurred in 
days Wore irrigation was practiced. Th.is is evi
denced by the extensive system of drains built to lower 
the water level and to carry away excess ground water. 

Very little of the artesian well 1low passes out of the 
valley u stream fl.ow, and much of it goes to recharge 
ground water. A substa.nti.el. part of this recharge is 
by Je&kage from wells inadequately eased. 

A rough measure of ground-water recha.rge from rain
fall penetration in the central portion of the closed 

__ basin was afforded by data on the rise· in the wa.w 
.ble a.nd the specific yield of water bearing materials 

~t seven wells situated outside of the imluence of a.ny 
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rechs.rge from irrigation. In the period from July 20 to 
October 15, 1936, the recorded precipitation at Garnett 
was 5. 78 inches. In the sa.me period the average rise of 
the water table in the wells was 0.94 foot. On the ha.sis 
of the average specific yield of 30.5 percent, the :recharge 
to ground water a.mounted to 3.7 inches, or 64 percent 
of the rain!a.ll as recorded at Garnett. Since the jfrlure 
of the soil a.nd the amount a.nd intensity of lainfaU 
range widely throughout the valley, it follows that 
ground-water recharge from rainfall penetration must 
also range widely. 

Discharge of ground water in the shallow valley fill 
of San Luis Valley is by evaporation and transpiration, 
underflow, artifi.ciaJ drainage, and pumping. Conditions 
in the valley, especially in the central and eastern por
tio:ns of the closed basin, a.re favorable for the disposal 
of large quantities of ground water by evaporation and 
transpiration. 

As previously stated, discharge by underflow to Rio 
Grande occurs in the section between Del Norte and 
Alamosa. The data. of tables 35 and 36 in the preceding 
section dealing with return water furnish some oon
ception of its amount. The return flow indicated by 
these tables includes some creek and surf ace drain 
inflow. Eliminating this in the 1936 table, using avail
able records and best estimates oi its amount, gives 
seepage ga.ins for the year o! 171200 acre-feet between 
Del Norte and Monte Vista e.nd of 35,500 acre-feet 
between Monte Vista and Ale.moss.. The largest 
monthly gain in the section in 1936 was 10,040 acre
feet in .August, equivalent to a. continuous flow of 163 
second-feet. 

:f ;je I:"OUnG•-VJ.kf :.iscb.illse ·.~rough :,nc ,Wt ·,11otK 
of d.rs.ins on the valley floor, much is rediverted for 
irrigation and the :remainder is ultimately discharged 
either to Rio Grande or to the sump in the closed 
basin. 

The quantity of ground water withdrawn by pump
ing varies notably from year to year. Practically all of 
the pumps have been installed as standby irrigation 
plente, a.nd this development ha.a occurred largely 
within the last five yea.rs. When. there is a shortage m 
stream flow, as in 1936, pumping is at a mu:imum. 
A recooo&issance in 1936 showed that there were 176 
irrigation pumping plants in the valley. Many of them 
were just being installed. From reported discharges 
by owners or open.tors, the total output of all plants 
pumping continuously was estim.a.ted at 660 a.cre,.feet 
per day. 

Oon:firwl 01' arluian water.-Flowing wells can be 
obt&ined in the San Luis Valley ove:r an area em.bracing 
1,430 square miles or, measured at its extremities, an 
area 66 miles north and sou th s.nd 32 miles east and 
west. All the essentials of rm ideal e.rtesian system a.re 
present m the valley. 
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Corresponding principally to the distribution and 
character of the sediments in the aquifers, the valley 
may be divided into fairly well defined sections of high 
flow a.nd low flow on the basis of the average yields of 
the wells. Three localities in po.rticulo.r have appre
ciably higher flows than the average. These are (1) 
the district southwest of Ale.mosa in the vicinity of 
Henry station and westward to the Fountain neighbor
hood; {2) a.n area sevaral sections in extent, the center 
of which is about 6 miles northeast of Alamosa; and (3) 
an area extending southward from the vicinity of 
Russell Lakes to Veteran School. The largest and 
strongest flows of the valley occur in the last named 
area.. 

Contrary to the usual history of artesian basins, the 
a.rea of flow in San Luis Valley has increased over a 
period of development covering the last 30 years. This 
is shown by comparison of the area. of :flow in 1906, as 
delineated by Seibenthal, with the area determined by 
the field work of 1936. The increase is readily ap
parent on the gentler alluvial slopes, such as the Rio 
Grande fan, but not where slopes rise steeply from the 
valley floor. Thus the boundary of the flow area has 
moved westward more than a mile in some places along · 
the Rio Grande alluvial fan and southward about 2 
miles near Manassa. The explanation lies in the shift 
of irrigation development toward the west1 and the re
sulting inerease in recharge to the artesian basin from 
irrigation diversions. 

.As in the case of the shallow ground-water basi.nt 
recharge to the artesian basin is from stream flow, irri
gation diversions1 and precipitation. For the artesian 
':>e.sin. :iowever. the area of ::-echo.me i.s ~onfined •.o ~he 

' ,, - . . 

J1a.."":g!nJ.i Jt...."p Ji the ,a.iley ),erif..ng ':.ne .rp;:.u;: ... ea 
edges of the artesian aquifers. 

Water is naturally discharged from the artesian basin 
by springs and a.rtificially by wells. There a.re f,everal 
springs in the valley along the boundary of the area of 
flow. The discharge of McIntire Springs, one of the 
larger, remains practically constant at close to 19 second· 
feet th.rough.out the year. On the other hand, the 
discharge of Diamond Springs, a.bout 4 miles southwest 
of Ls. Jara, has increased progressively during the last 
30 yea.rs from probably less than 1 second-foot to more 
tJum 24 second-feet, thereby furnishing strong addi
tional evidence of the increase in reche.rge of the a.rte• 
aian bum due to irrigation development. Other 
springs on the west side of the valley a.re those compris
ing the source of Spring Creek and Russell Springs. 
Table 4 7 lists the a.rtesia.n springs a.nd gives their aver
age discha.rge u measured in 1936. The indicated 
total average d.ischa.rge of 65. 7 second-feet rep.resents 
an a.nnual di.scha.rge of 47,600 acre-feet. 

.An estimate of the total artesian water dische.rged 
8.Dllue.lly by wells in the valley is afforded by the 
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TABLE 4. 7. -Di,clmrge of artuian apri119tiin San Luis Valley, 19!!6 

-- Avl!l'IP 
Nm1:1oer and daies or -nu dJacb•se 

-d·fllet 

~=:· ::::::::::::::: _t: ~::: ~.::::::::::::::::::::~~::::~: ~ ~ 
DlunOlld--.---·-········-··--- 3, ..i,pr. H, May 6, Jun.e 3.............. (l) :M. 5 
Melotlre •••••••.••••...••••••• 4, Mar. 2'1, May 12. Jun.e 3, Jnlv 11.... J.8. 9 
Smaller IIIIIll,ffl.ed.. ••••••••••• Eatimated ••••••••••••••••••••• :. •••••• e. O 1---

Total.. ..............•... ····-····--·····-···-········-···--····· 8/lrl" 

inventory of wells which was made in 1936. On the 
basis of this inventory, it is estimated that there are 
6,074 artesian wells in the valley, with an average 
e.nnue.l discharge of about 119,000 acre-feet. Of this 
number, 1,380 wells in the towns of .Alamosa, Center, 
La Jara, Monte Vista, and Sanford discharge annually 
a.bout 81700 acre-feet. The discharges of the wells 
range from a trickle to 350 gallons per minute, with an 
a.vero.ge of about 12 gallons per minute. If all wells in 
the valley were allowed to flow unrestricted, the a.n.nual 
discharge would be about 142,000 acre-feet. 

M.lcldle Valley 

The ground-water investigation in the Middle Valley 
covered the vnlley area from about 15 miles south of 
White Rocle Canyon to about 7 miles north of San 
Marcial. The principal feature was the measurement 
of water levels and fluctuations in approximately 1,000 
observation wells. Certain studies were made and a 
small amount of experimental work was carried on in 
an endeavor to clarify some of the basic problems con
,:iected -vith "11.e ,ource. -nofion. 1nrl -fo,,nn~al )T. +~ 
gtounci ~a.tar, iut the ~ilne ..inci ·.vorn ..nvo1veu .n .be 
location and periodic measurement of the large number 
of wells left little opportunity in the one sea.son for the 
speci.al and experimental type of investigation needed 
for such clarification. 

MOfJtment of ground water.--Observations on the 
movement of ground water are based on the maps of 
part II, plates 6 to 9, inclusive, which give the water
table altitudes by contours and the depths below 
ground surface by areal divisions, as derived from the 
data of well readings duruig October 1936. Lacking 
the requisite data for derivation of annual means, the 
October rea.d.iDgs were used because all ava.ilable 
evidence indicated that the water table during that 
month was at approximately its mean position for the 
year. The most obvious characteristic of the ground
water ftow is it.a predominant dow:nstrea.m movement. 
From the vicinity of A.lgodones, where the water table 
has a.n altitude of 5,080 feet, to a point 17 miles south 
of Socorro, the water table falls 585 feet, an average of 
5 feet per mile. This corresponds, of course, to the fe.11 
of the river in the same distance. The lateral slopes 
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of the water table, and consequently the lateral move
ments of the ground water va.ry considerably in dif
ferent parts of the valley, depending principally on the 
spacing of the dra.in.s. In general, the lateral slope of 
the water table. varies more or less inversely with the 
width of the valley. It is most pronounced in the 
Socorro division, where it is a.s high as 22 feet to the 
mile, and leait pronounced in the Belen division. 
Throughout most of the length of the river, the water 
table slopes from the riverside chains to the interior 
drains. 

Due to the great variation throughout the valley in 
the transverse direction of water movement accordi.Dg 
to the spacing and distribution of drains and can.a.ls, 
no short generalized .areal description of the movement 
of ground water is possible. In a section at the upper 
end of the Albuquerque division, the water table slopes 
from the edge of the mesa to the river, and indicates 
an accretion to the river from the arroyos and mesa 
slopes and to some extent by leakage from the Bsrnalillo 
and Algodones acequiu. However, from this sect.ion 
to the lower end of the Middle Rio Gre.nde Conservancy 
District at the north line of the Bosque del Apache 
Grant there is every variation in direction of ground
water movement: to interior drains from mesa sides 
and riversides; from the river to riverside drains or 
beyond them to interior drains; from the mesa or 
border cwals to interior drains, or to riverside drs.ins 
where th.ere are no intermediate interior dnins; and 
from canals to drains; etc. In the Bosque del Apache 
Grant, which is an undrained area, the water table 
slopes rather uniformly southward; it shows com;,arn
·,i.~j; 'it~l=' :is-or:icn. 1..1ci ::1 tar:i... ::ow -3 om.111. 

:foier-,aoie ;iuciuation.s. -The determina.tion of normal 
seasonal fluctuations of the water table was not possible 
in the few months of the present investigation. It was 
found, however, that the seasonal :tluctua.tions. in 
irrigated BJ1d unirrigated e.res.s a.re opposite in trend. 
As in the case of portions of San Luis VaJley, the mi
gated areas receive water in the growing season in 
excess of their demand and consequently the water table 
rises in summer. It then falls to a lower position in 
winter. In the unirrigated 6.N8.S the vegetation 
demands more water in summer than can be supplied by 
ground-water ftow, and hence in these areas the water 
table fe.lls in summer. It rises in winter, when th.ere is 
no draft by native vegetation. These typical changes 
are shown by the average fluctuation in the various 
districts of the va.Uv between July and October 1936 
given in table 49. The Bosque del Apache a.rea, 
unirrig&ted aeept by overflow from. the Sooorro ma.in 
canal at the northern border, showed a rise in the water 

_ table, July to October of 0.86 foot. In none of the 
\fiddle V a.lley districts listed is all of the land irrigated. 
Re.nee the decliDes of the water t.a.ble given in table 49 
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a.re not entirely representative of the change in irri
gated areas. However, the more heavily irrigated areas 
ah.ow the greater declines, ranging up to l .62 feet for the 
Barr district. 

SO'IJ,rce of gr<n.md water.-Ground water in the Middle 
Valley has severe.l sourees. Pa.rt of it comes by under
flow from the mesas on either side of the vaj,,y, part 
from seepage from the river, part from seepage from 
cane.ls, and part from seepage from irrigated lands. To 
determine the source or sources of the ground water in 
any pa.rticular locality is difficult. .A. substantial 
a.mount must come as underflow from the higher lands 
bordering the floodplain of the river. Tb.is probably 
occurs as a general seepage throughout the length of the 
valley and as concentrations near the arroyos which 
intermittently reeeive la.rger quantities of water. The 
water-table map shows steep gradients from the de
bouchures of the large arroyos, notably Tijeras, in the 
upper part of the Barr district, and Hell Canyon, above 
Peralta. The volume of this increment to the ground 
water of the floodplain has not been determined. An 
approach to the problem is discussed in a subsequent 
paragraph a.fter consideration of ground-water con
ditiollS prior to dnimo.ge. It is concluded there that 
available data indicate e.n average annual flow from the 
hillsides to the va.lley of about 0.25 second-foot per 
lineal mile of border, or a total on both sides of the 
valley throughout its lqth of about 50,000 acre-feet. 
It is concluded further that the mwrimum flow that 
should be assumed, based on minimum accretions to 
the interior drains, 'probably does not exceed 100,000 
ure-f eet ryer 7es.r; . _ . . 

• · 3."d :;..raride :.S, ~itliout ;ioubt, ;r,seif the source of 
most of the water in the riverside drains. In the cul~ 
tivated area beyond the riverside drains, some of the 
ground water also comes from the river. In general, 
the latter condition is likely to occur where mterme
dia.te drains lie within a mile of the riverside drains, a. 
situation. most prevalent in the Socorro division. As 
shown by the quality of water investigation, the water 
in the interior dn.ins of the Socorro division has, on the 
whole, a lower mineral content tha.n that in the interior 
drains of the :remainder of the Middle Valley. 

Some water~table divides in the interior of the valley 
follow approximately irrigation canals, indicating that 
the latter are another source of ground water. Data 
e..re largely lacking to define either the degree or the 
amount of their contributions. 

It is doubtful whether any mgnifica.nt part of the 
ground water has ite origin in the scant precipita.tion 
on the valley fioor. This doubt applies pa.rticul&rly to 
the summer period. Precipitation does, however, have 
a noticeable effect in reducing ground-wat.er con.sum.p
t.ion, and this effect is ma.nifested in fluctuations of the 
water table. 
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There seems little doubt that in most areas of the 
Middle Valley seepage from irrigated lands is the ma.in 
source of ground water. This is indicated by the pro
nounced drop in ground-water levels in irriga.ted dis
tricts a.s mea.sured in 1936 between July, when irrigation 
was intense, and Ocf.ober, when irrigation had decrea.sed 
but the canals were all operating. 

From present ~rme.tion it would seem that gains 
and losses between riverside drains and the 1.a.nds are 
of the same order of magnitude so that the discharge of 
the riverside drains, excluding surface waste into them, 
represents approximately the quantity of water with-
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F1i;vu 22.-ProportlOII of la11d ,rftb r;round wew- ov~ TILl'illll5 depths, Middle Rio 
Grande Valley, 11127 and 11136. 

drawn by seepage from the river, while the discharge 
of the interior drains represents water derived fro 
immediate sources other than the river that are sav, 
from evaporation and transpiration. 

Depth to gro'l.l:nd waier.-Based on data of the October 
1936 well readings, the depths to ground water through
out the Middle Va.lley a.re summarized in table 48 
which gives the acreage in ea.ch subdivision of the!ial
ley with ground water at various depths. In order to 
derive a comparison between 1936 ground-water con
ditions and those which obtained before drainage con
struction, and particularly to establish the average 
lowering of the water table due to the latter, the 1936 
depths to ground water were compared to the average 
of those for 1926-27 as given in the 1928 Burkholder 
report of the Middle Rio Grande Conservancy District. 
The comparison is shown in table 49. This table also 
gives the average rise or fall of the water table in the 
various valley subdivisions from July to October 1936. 

The average lowering of the water table under the 
entire valley from 1927 to 1936 was 3 feet. Depths to 
water of less than 3 feet &re shown for October 1936 in 
4 percent of the total valley area; between 3 and 4 feet 
in 11 percent of the area i between 4 and 6 feet in 46 
percent; between 6 and 8 feet in 28 percent; and more 
than 8 feet in 11 percent. The data for the valley as 
a whole a.re shown graphics.Uy in figure 22. The be!' 
drained districts are indicated to be the Coralles, th 
Peralta-Tome, and the San .Acacia-Lemitar-Socorro. 

Condition& before drainage.-A cooperative ground· 
water investigation in the Middle Valley conducted 
in the period 1917-22 a1so furnishes some jata_ f!:)r 
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l)lllffllDt.. 0 J. 71 1.16 &.QI JO.fG IL 8:5 :17. 82 38.65 100. Oil 0 ····11,1138.00 

Sall .AntollJo ••••••••••••••••••••• --··-· ---- 0 0 0 ILOO IU.00 2.•00 U87.ll0 -.oo 11,0IG.OO 0 
JllltOlll),t •• 0 0 0 J.31 Ull!I 41. 75 N.156 Jjj,30 100. 00 0 ... ..... ------ .. --

Bmque de! Apeche Ol'l.llt.-•• --•• -••••• 11m11... aoo 81'.00 I. m.oo 2, OCll. 00 

UH~ 
moo moo 7,442.IJO 448.00 7, IIGO. 00 

Pll"lllDt •• "-8J. 10.93 ... 17,0 19.83 U:11 I.OIi 180 100. 00 a. 08 _ ....... _., ___ ... --
VAile:, ~ f ••••• ----··-·······--·--- moo 712. 00 I, uo. 00 2,842.00 JI, CW.. 00 Ill OM. 00 lll.,Dl!IJ.00 U,ID0.00 115,323.00 4,l!eo. 00 ll9,llll3.00 

peroe.nt •• ,111 .82 .ss 1M lUO AM 27.S 11.J:II JOO. 00 4. °' --------·---
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TABLE 49.-Compamon of depth11 to ground Ul(J,/.e7' in the Middle TT alley in 1927 and 1996 

PllrQlllltare of - with depth to cround 'lram ov- I TJmw-- Av..-.c• A.~ bl~ dlstriel 

Dlmlllt y-
. Uwt Greet U111t Heat 2feet l fool 

----------
.Alplonas•Bernafillo- •. ~ --ii."io · :ll.~ 311, 71 -- -- .. -~ .. ro. 21 86,49 

38. 33 86,411 9U3 lilll.M W.7l 
carn,1eg. --... ---. --... - 1927 ""ii:is" 2.M 26.M! ·ioo.·oo· 61, 71 e!U2 

I9JM! 33. f8 l!B.72 ··a-fii" ··iii·~-AJal:ileda.A.Jbnquarque . 11127 "•ii"2i!" 8. 02 13.18 .. Gi:6r l!ISe 34. 01 80. 71 w,, 78 100,00 
A tr:isco-Paja.rtto-lakta •. l!i'ZI 7.2:l :N. 00 ··g,o:w· 72.80 89.2.5 

1113& 4.31 27.58 1H. 114 l(IO. 00 
""7i"5j1 Ili11T. --· •• -- •••• --- •• -- - lffi --io:n· 0 7.llO ··id·22· 41.06 

l!IISII Ill. 11:1 51. 72 116.112 1111,72 
~ta-Tome •••••.•••• lffl --Tii- 9.33 13.M ""ifi.r 47.1111 Ge.62 

1'1:.'kl 43.13 llf.88 JOO. 00 -·Kii. la Lun»-Btlen .•••••• 11127 .. ii"iii" 10.64 22. 311 ··es:1t 76. 311 
!9Mi 43.40 111:).Jl() 1111, 73 100.00 

Sim ]!1,1,l:1 •••••• - ••••••• - lWl' ·"-i"&i" 1. 61 :ZJ.1!11 --arst 118. 22 91. 34 
lllC!O 33. 77 78.~ 89,94 1H. v.! 

Saa~----·--··· 11127 .. ro:a;: IJ. 62 2.5..& "'82'.'iu" 39.:;G 51.01 
lllS6 21,:.M 48. ll fll!U13 9Ul3 

.!wi Acacia • I.411liltat • 
BcclonO---·····-·--·-. Jffl "'ii"i' 1147 24.U .•••..•. 83.M n. 19 

llllMI 61.'Z'I 83. 12 11111. 62 '1e.M W.211 
l!4m .Al>tolllo •••••• -•• -• - 11127 ""ii."ii" t 81 :n. 153 -------- l!a.31 87.10 

1936 G.&! 11.01 lilfl.,v 100.00 -............... 
Bo$Q.lle del .Apache 

Ora11t ............. -•• 11i'.11 ···i-iii" 0 ll. 5ll -·ai"o." l!(l.04 !11).12 
lll86 6.8111 13.21 II0.46 kas ----- ---------

ValillJ total .•.•• - 1927 11.M ~: 1--~:1~· .'111,32 711.M 
1936 11. 12 :18.81 118. 21 911.19 

comparison with ground.water conditions of 1936 and 
gives further in.formation on conditions prior to drain~ 
age of the valley. A complete and detailed comparison 
of the da.ta. cannot be made bees.use it was impossible 
..o determine accurately the locations of many of the 
observation wells of the earlier investigation. In a few 
areas, however, enough old wells we:re found to furnish 
a key for locating the remainder in those areas. One of 
the areas which ~·s.s best "~o,ered" '-dth -vells :n ~}JP 

.!E >~::! 117estigut1on vas .na::. .,etween .Jlbuquerque 
and Alameda, a.nd a contour map for this area showing 
the average position of the water table in the period 
1918-22 was dra.wn, based on the data obtained in that 
period. The outstanding cba.ra.cteristfo of this :map is 
the perpendicularity of the contours to the river. It is 
indicated that in this area there was little movement of 
ground water into or from the river during the period 
1918-22. This condition, if typical for the valley, is of 
:much importance, for it indicates that previous to drain
age the amount of ground-water seepage from the river 
was small. Rough ground-water contour maps of the 
Belen and Albuquerque divisions for months showing 
high and low grou:nd-we.t.er stages in the period 1918-22, 
plotted s.ceording t,o locations on the old maps, indicate 
ft&t la.ten.I gradients, md the undrained Bosque del 
Apache Grant shows the sa.m.e :Bat lateral gradients 
today. Typical ground-water profiles a.cross the valley, 
given in the report of the 1917-22 investigation show 
average gradients near the river of 0.0006. With a. 

L-- 'm.Bveree valley coefficient of trausmissibility of 50,000 
• figure to which prooent meager data point), this 

vfl'ld Average .A.vel"llie ~ lll'Nln depth to low.ring 
ofwaier from .Above p$l"Clllllt water, table, 1uly to U1l)!ll?· o foot lf!IQDd of SW'• il!fee& Burnii:,-ed Tola! __,_ veyod In feet October, ve,wd 

In feet 

----------------------
~23 4. 77 J, 72 3.58 - ··2. 14" 

U, 1183 107 •·12.100 
J00.00 --··· o .... 5.12 -0,33 7,043 0 7.04:i 

111. ll-t 8.30 2.48 3,008 0 3,038 •••• 3. 2.f 
--• .-48- 20. 25 5. l'3 -.30 3,117 1131 3,748 

U,52 0 1.9'1'1 
2. e:f 

u.e13 0 14.~75 
··96:81· 10.48 !.GI --1!8 13,989 l.408 15,457 

3.13 1.17 3.00 l~,1123 JOO 16, OOll 

··oi:ia· 16.41 5.41 2.32 -.il(I 12,m 1,887 H,l33 
8.82 0 1.91 · ·2.so· 4,IM 0 4.l!!5 

100. 00 --·-&. ,e· 0 4.80 -1.11:1 f,1\43 () f,MJ 
113. 34 0 2. 32 20,MI 0 :'l.l.b41 

··-88- 0 uo a.e7 -.19 20,050 0 20,050 
, la .37 3.21 25,047 92 25, ]Jg 

·---~- 2. 82 !.97 2. 74 -.40 21,82D 67i 24,494 
11.03 .39 2. 87 

• 2. 2:1· 
6,198 ~ e,224 

1111.19 .81 0 5. IO ,oi; 8,~911 0 8,f99 
1S.48 ::14..52 0 2.12 ·-·-·2.as- 4,816 0 4.61fi 
97.12 2.88 0 uo l. 39 uu 0 &,344 

88.18 ll. :.12 t 75 13,437 ll40 H,077 
100.00 .. _____ --- - 0 6.13 3.47 .2:1 10, ea& 0 10,635 
97.llll 2. at; 37.34 6,016 2,G.l 7,635 

.................... .. ......... _ ..... _ .. 0 

.. ------~ :~ f :::~:: ::::~::: 6,~ 0 6,036 

\113.07 11.11:l 31.M 8. :i,,go 1,ll&ll 8,275 
116. IV 4.81 8.02 7,ff2 446 7,800 - ------ --------113. 85 11.Ui tae 2. 75 ··-···--·· ··-······· 12-4.669 3,761 l21!l,320 
IXl.81 .19 t.04 S. ell 2. 94 ·····-·-·· 115,323 4,66, llll,lltl3 

gradient would indicate a ground-water flow of 0.25 
second-foot per lineal mile of .river, and if the length of 
the valley between Pena Blanca and San Marcial is 
taken as 150 miles, the total seepage from the river on 
both sides would then have been 75 second-! eet, or about 
50,000 acre-feet a year. 

A tentative opinion as to the a.mount of ground-wa.ter 
inflow from the borders of the valley prior to drainage 
'.3JJ also \e :·ormeci ::-0m .:J1e l11.0 :ie::- ;ai~. ?~18"191.3-.:::::: 
.map of t.t1e Albuquerque-.A.lameda. area shows that the 
ground-water contours approach the hillsides only 
slightly deflected from the perpendicular. The contours 
in the Bosque del Apache area also approach the hillsides 
near to the perpendicular, a.nd little ff ow from the mesas 
is indicated in this area where control is good. The 
general average of water-table gradients :from the mesa 
to the flood ple.in, as shown by the profiles of the 1917-
22 investigation, is 0.00065. This indicates, therefore, 
about the same flow from the mesas that was indicated 
as probably coming from the rivet\ that is, about .50JOOO 
e.cre-feet in the 150 miles between Pena Blanca and 
Se.n Ma.rci&l. This figure might be increased somewhat 
to allow for concentrated flow near the debouchures of 
arroyos on which data are scarce, but it does not ee-em 
that the aggregate inflow could have exceeded 100,000 
acre-feet. The ground-water flow from the meu.s is 
presumably about the same now as it wsa hef ore the 
construction of dre.ins. The figure of 100,000 a.ere-feet 
per year would represent a flow from the hillsides of 
about 0.5 seoond~foot per mile, and this in turn repre
sents about half the mimmum a.ceretion to interior 
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drains per mile e.s measured in the Isleta-Belen section 
during the winter of 1936-37 when there was little, if · 
a.ny, irriga.tion. 

If these figures of river and mesa. seepage are approxi
mately correct, the much la.rger apparent loss of water 
in the valley in former years must have been due 
chiefly to other causes, e.nd there must have been other 
a.nd more important sources of water to support the 
traru1piration of rfe.tive vegetation. Losses from the 
river other than by seepage were by diversions for 
irrigation, by evaporation in the river channel to a.n 
extent probably greater than now obtains, and by 
losses suffered through spreading of the water and 
consequent infiltration during floods. Of these 1 diver
sions for irrigation must have been, by far, most 
important. 

Rincon, Meidlla, ud El Paso Valleys 

Ground-water data for these valleys are very meager 
and no study of ground-water conditions in them was 
included in the Rio Grande joint investigation. These 
valleys comprise the Rio Grande Project, which is well 
provided with open drains that satisfactorily maintain 
ground-water levels at the depths below ground sur
face required to prevent waterlogging and seeping of 
the lands. 

Periodic measurements of the depths to ground 
water in 55 to 88 wells in Mesilla Valley have been 
ma.de by the Bureau of. Reclamation in every year 
since 1924. The observations were made and the re
sults were used chiefly to derive the annual increment 
or decrement of ground water as a necessary factor in 
computin~ the annual consumptive 'lse Df "Vat.er :n ·!J.e 

.. ,1iley 0 
): ·:.}e ''.:::dow~rn ~tlow .:nei:b.bu. rhe J.6.ttl. -.vere 

made available to the Bureau of Agricultural Engi
neering and were used by the bureau in its study of 
the consumptive use of water in Mesilla. Valley as 
reported in part III of this report. 

Average depths to ground water in Mesilla Valley 
as shown by the January observations have been 
l>Eitween 9 and 10 feet throughout the period from 1924 
to date. 

Qulity of Water 

In the Upper Rio Grande Ba.sin drainage from the 
irrigation of upper lands returns to the river a.nd is 
rediverted to lower lands, and this process is repeated 
many times in the length of river valleys from the 
upper to lower limits of the basin.. Also the major 
portion of the water supply reaches the river in the 
upper portions of -the bum with very little contribu
tion from dowmtrea.m tributaries. Under these con
ditions the salt concentration of the doWD!'ltream irriga
tion waters beoomes increasingly higher. Quality of 

Rio Gra'fl.de. Joim Investigation 

water, as well as quantity of water, becomes, therefore, 
an important consideration, particularly with rear 
to the waters that &re available to the lowest lane 
the basin, such as those in the Tornillo unit of the h..v 
Grande Project and in the Hudspeth District. With 
higher salinity of the irrigation water, more abundant 
applications are needed to prevent the accumulation of 
salts in the ooil and resultant deleterious efi'ectaUpon 
plant growth. 

In view of these conditions, a comprehensive investi
gation of the quality of water was made a pa.rt of the 
Rio Grande joint investigation. Samples of water for 
analysis were taken at frequent intervals from streams, 
drains, and ground water throughout the basin. These 
samples were taken under the supervision of the Geo
logic&J Survey by the field men and members of other 
agencies cooperating in the investigation. The analy
ses were made by the Geologic&.! Survey, the means 
employed consisting of conductance tests at field le.born.
tories at Albuquerque and Ala.mosa, and complete 
determinations at Washington. .Assembly o.nd compila
tion of the analytical do.ta, together with the summari
zation and interpretation of them, were done by the 
Bureau of Plant Industry. A cooperative quality-of
water investigation con.finf'!d chiefly to conditions along 
the ma.in stem of Rio Grande had been conducted since 
1930 by the Bureau of Plant Industry, Bureau ro" 
Reclamation, Geological Survey, International Boun 
a.ry Com.m.:.ssion, and the Colorado State Engineel. 
The data obtained by this earlier investigation w~re also 
assembled by the Bureau of Plant Industry and included 
with those of the 1936 investigation. The interpretive 
~est bv ~he 13.ureau 'Jf ?~ant Inrh!c:: 0 -.-- is ::n,..,:·..:-,:<::. ·.:-. 

•. ~n.tB ·.-ep~n .!.S ;arr, :v. ·r1~ more u~r.aued ana.iyticai 
data a.re published separately. In the following para
graphs data and results of the investigation as given in 
the interpretive report a.re summarized. 

The Rio Grande f'rom Del None to Fort Quitman 

Total yea.rly quantities and weighted mean concen
trations of salts in the water of Rio Grande passing the 
nine principal gaging stations from Del Norte to Fort 
Quitman are given in tables 50, 51 1 and 52. Table 50 
gives the 1936 da.ta for all nine stations; table 51, the 
.mea.ns for 3 years, 1934-36, for Lobatos, Otowi Rridge, 
and San Marcial; and table 52, the means for 6 yea.rs 
1931-36, for the five stations from Elephant Butte Dam 
to Fort Quitman. These tables indicate clearly the 
progressive increase in total salt concentration of the 
river water from the upper to the lower limits of the 
bum. To 1936, the mean concentration ranged from 
0.11 ton of salt per acre-foot of water at Del Norte to 
2 .84 tons per a.ere-loot at Fort Quitman. The latter
figure is equiv&lent to approximately 2,100 parts pe. 
million. As shown in both tables 50 and 51, a pro• 
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gre.ssive increase in the total ton.na.ge or salts carried 
occurs from Del Norte to San Ma.rcial. Below Se.n 
Marcial there is little change through the reservoir a.nd 
then, a.ssh.own by the 6-yea.r means of table 52, there 
is a. small increase in tonnage to Leasburg Dam, 11 

Blight decrease to El Paso, a decided decrease to Faben.s1 

u.nd a smaller one to Fort Quitman. In the period 
Hl31-36 the river .has apparently lost 147,000 tons of 
salts annueJJy between Elephant Butte Reservoir and 
Fort Quitman. There was, however, an annual gr.in 
of 18,000 tons between the reservoir and El Paso, so 
that between the latter station and Fort Quitman there 
was an annual loss of 165,000 tons of salts. In com
ment on this the report of the Bureau of Ple.nt Industry 
states: 

It ls obviously not to be inferred that all of the diMolved solids 
ab.own to ~ foet from the 11tr~ between those two points are 
depooted in the soils of the El Paso Valley division. The data 
available do not appear to warrant definite quantitative con
elWlione ae to where these dissolved solids are depo&ited. But 
painstaking comideration of the available data and reviewing or 
the computations by whfoh the summaries have been obtained 
luds to the belief here atated; namely, that there is a very 
eubstantial quantity of soluble solids depasited annually some
where along the Rio Grande between El Puo and Fort Quitman. 

It is to be noted not only that the quantities of total 
dissolved solids passing the stations d.ifi'er greatly but 
also that the quantities of each constituent difi'er even 
more, eo th.at the composition of the dissolved solids 
•hanges appreciably from station to station. Probably 
the most striking of these changes is the progressive 
increase downstream in the quantity of the chloride 
constituent. For 1936, the only year for which data are 
avs.ilable for all nine stations, the o_unntity of chloride 
'.:.c:-~aseC: :::-'.'.:.::i :.300 :-v.D.:, 1.~ :.:.i:: -::: e! ._-;ona 3tat10n :o 
137,000 tons at the Fort Quitman station. The in
crease in sodium, from 4,000 tons to 92,000 tons, was 
also large. 

The San Luis Seedon, 

With respect to the waters of San Luis Valley, the 
data show that the tributary streams contain relatively 
very little dissolved material. The water leaving the 
valley in Rio Gra.nde seldom eon.tams more than half a 
ton of salts per acre-foot and frequently 1es.s than a 
quarter of a ton. The water in the drains north of the 
river is also of relatively low sallirity. Two stations on 
San Lu.is Lake showed conductances ranging from 64 to 
108. In some of the drains south of the river the 
ulinity is relatively high and doubtless from this area 
most of the salt is derived that the river cs.mes out of 
the valley. Data on the ground waters indicate tba.t 
those around the ma.rgins of the valley are of low salinity 
with low sodium percentages, being similar in cha.ra.cter 

__ ,, the inflowing surface waters. In the lower sections 
the valley there ue two areas in which the shallow 

63 
T .. un,E 50.-Toum and weighted mean concentratiom of aalt~ in 

the Rio Gra:11de in 1956 at 9 Ct:lnlrol atatiom 

Gagj1>K 1Uld .b.Jlll)llog Slatlt>US 

t ] "i°: ! t i Iii ltetn 'tl ... =: Q f-, !l B i ~ .<is ~ 81 .... : r! .,::: ;; 
j i ~ "'B J lg i= O' ·-s .. -= .. 

! A " .. !'.Ile:: ij ~ .. ..l 0 "" -- - ---------- --
River dlschal"ll:e, In 

1,000--.. leiit unlts .. _. 472 281 1,(172 1167 747 ~113 4~4 224 150 
Dlnolved 10llds, ln 

l,000-ton unlta ................ 32 7t 3S2 61,3 MIO 696 MO m 4:16 
Coiie1mtratJm:is· 

'l'llll, per am· foot ......... 
Conductanae, KX 10 • 

o. ll 0. 211 0.33 o. 7~ 0. '7g 0.86 L 18 1. 113 2.84 

at 25• c .................. 8. S 26. 5 30.S 79. 4 1!11.3 el, 5 l2Sl. D :N,5.. 2 332.n 
Sum, m.llllequivalents.. 2.27 6. 7l 7. 411 17. 31 l7. 87 JP. :ti 'l7, 28 Ul7 66.27 

Comt!tlle!ltl, ill 1.000-
kmuuit.11: 

Cal~um (Cal .......... , 7,2 I0,6 &'l.Q 88. 7 76. 3 76. 3 63.8 42. l 311.S ==,tlllJ' (Mg) ...... 2. I 2. 7 12. 2 18. 2 1,5.. g M.~ 1~3 10.2 9. 3 
Sod w:n (Na) ........... t.4 s. 0 to. 2 118.2 llCl,!J 111. I ]CIC!. 4 117. 0 92. 5 
BICIU'bori.te <lI C Oa). Iii. 7 18.0 94. l 106.7 82.3 SLO llll .. S au 24.8 
S~bate {S04) .......... 9. 7 IU 89.8 232. 7 232.2 220. 7 187.8 121.0 l)g, 3 
Cb orlde (Cl) ............ 3.8 3.9 M.~ M.O 515. 4 G-4.5 "1.1 105.3 136. P 
K[t1'11te (~01) ........... . 2 ........... .9 .8 'l I. 5 2. I '1 . a 

z Dlsebarp la film of dJvef!.1011 to Tom!llo Caw and Rlver ffow at Tammo Bridge. 
Bll.mplea taken at head of Tomillo Caual, 

T .U!Ll!: 51.-Annual tota.ls and u:eighted mean cofl.C.efUratiom of 
,alu in the Rio Grande at 5 control station& aboee Elephant BUlte 
Rtrt!1'Vrnr; mean& far 19S4 to 19Sfl, incluait'f! 

Item 

Rlverdl~, In l,000--feetunlts ........... . 
Dissolved solids, in l,000-ton un!ts ............. .. 
Conoentratlo11s: 

'1mu P4!II' aen,..foot ...................................... . 
Cotu:luctauee, KXlO a ac 25° C ............ ... 
Sum, tnill!e11ulvalenU ................................. .. 

Comtlt1JeDts. in 1,000-1.on units: 
Ollctum (C11).., ..................................... . 
'if~eslurn /~;)..... ... .. . .. .. .. .. .. . .. ..... , .. .. 

: ""llum :-.-ai ............................................... , 
.3icaroonate tBCo,1 .............................. 1 

t~: i~i'.~:=====~:::::::::::::::::::: 
Nltl'llt.· (N'Oa) ............................... . 

Gqing and samp!Jn1 stations 

247 
G7 

0.27 
2'1,9 
.5.84 

g_ 3 
~ I 
·.o 

lfi,3 
ll'I. 3 
&ff 
.2 

!Mil 
:ma 

0. 341 
31.8 
7. 71'1 

11. I 
u 

.)l, j 
80.9 
71,6 
Il, g 

l.1 

114 
691 

0. 83 
97.2 

18.1!3 

-s.o 
~IS.; 
.!'1.0 
llO.~ 

2H.6 
&7.4 

1.4 

TABLE 52.-A.nnual wtala and weightdd mean C01'1cenlr~ of 
,al.ta in the Rio Grande at 5 conlrol ,tatiom li,dow Blephe&m Butte 
R6"'r1Krir,· means frn 19S1 to 19S6, inclu.n11e 

Oagiug and illllllplil1g atatlom 

11.ern Ele- Leas- l':I Puo Fabewi• Fort 
~~ burg (Cmu. Tor• QoJt .. 

outlet Dam chesne) nmo1 IDIIIl 

---------
River dlfellam, Ill 1,~feet 

uaJa .. --------------- 700 741 m :'.157 IT.I 
D~ aolids, hi l,!m-Cou Wllta ....... Cl M7 - - f78 
OODGl!ltratlons: 

TGY1l! per a.:n-foot. - - - - - .• - • .81 .87 1.22 L9ill 2.15 
OowiWltal:lee K x10• au11• c ___ 87. l 91.0 127. 2 mo 296. 7 
Bum, 11J.illleqllln.ieuta_ _____ • 18.32 19.117 X.71 46.11 86.81 

Cllmltitwmtl, ID 1,1100-tou tmlt!: 
C.ictam (Ca) •• -------·--- '1'8.3 81.S 'I0.3 11'1,ll .,o,s 
~um (Mi) .... ---·---· 17.0 17.9 15. 5 11.4 10.0 

(N•l---------- .. ue. 6 lCK.O JM.3 lOl.4 Jll. 6 
Bl~te (HC01>-----···· 114.f 116.8 111..4 46.9 :au 8nl= (EIO,l---------· :134. 7 2119. 0 210. l IA& UJ'7.2 
Cb orid~Cll.--------···-- 156. 7 'l".2..4 112. 7 128..8 ll!I0.9 
Nitrate OJ) ••• --------- .3 l,3 1. 7 • 7 ,6 
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TABLE 53.-Mean condudanu oJ if'Tiga.tion water and waler in 
rillerllide and immor draim of Middk Rio Grandt Conamiancv 
~trict, N. Mex., 1936 

MIIIW oonductAl:loe, K X 10' at 25" C. 

lmlatlon RiversJde 
water llfflins 

Cccbltl and Albuquerque ....•• - •• _ - •• - - - 37. 11 n 7 
~n._. __________ ...,:. __ --- ---- M. 2 71. l 

Bocoml,--------- · ------·---· llll.O lJ0.7 

Interior 
drains 

BIU 
183. 0 
156.0 

TABLE 54.-Salinuy of ground waters of the Middle Rio Grande 
Valley, 1936 

Item 

Co.aductanoe Wits only: 
.Nwnber of atatlons ..................... _____ _ 
M1111111 OO!lducl.ance •• -- ...................... . 

~l.lllllnes: 
Number ol atatJODS .......................... . 
M-.11 Clllllductance .......................... . 
hreent sodium .......................... _ ... . 
Pllm!nt chlorlde ............................. . 

nu,w!CU8 
~l.lllllyses: 

Number of st.atlom .......................... . 
MIIIIIW oonductanoe ......................... .. 
l'lll'Clllt !Odium.·······---- ..... ____ ......... . 
l'llmllllt chloirtde ............................. . 

Dh·lsioc or Middle Rio On.nde 
COllllerVIIDcy District. 

Albuquc• 
qua 

138 
1158 

il5 
Hll 
42 
13 

u 
74 
32 
11 

Belec 

1:wl 
274 

37 
270 

52 
20 

ll 
m 
!8 
111 

Sooarro 

70 
;s:!7 

20 
3111 

156 
24 

12 
150 
M 
20 

or subsoil waters a.re generally rather saline. Toward 
the middle of the valley the deeper water is generally 
"soft"-i. e., it has a high sodium percentage-and in 
the area north of the eastern edge of the Rio Grande 
delta the deeper waters are both soft and rather 
saline. 

The waters contributed by tributary streams of the 
Middle section above Galisteo Creek on the east side 
are of low salinity, with conductances ranging from 5 
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to 72. Those of Rio Chama are likewise of low salinity, 
with conductances less than 80. The low-water 
charges of Jemez Creek, Rio Puerco, and Rio S, 
a.re comps.ratively saline, with conductances ra.nguig 
up to 400 or more. The dissolved salts carried by 
these 3 streams consist largely of sulphates of calcium, 
sodium; and magnesium. Comparison of the mean 
conductance of the irrigation water and of thatein the 
riverside and interior drains of the Middle Rio Grande 
Conservancy District as found in 1936 is shown in 
table 53. There is a progressive increase southward in 
the sa.liruty of the irrigation a.nd riverside drain water, 
but not in the interior drain water between Belen and 
Socorro divisions. This exceptional situation with 
respect to the interior drain water probably is accounted 
for by the fact that the Socorro division is narrow and 
its interior drains are in a position to receive more 
direct seepage from the river than do those in other 
divisions. A summary of the data on the se.linity 
of ground water in the Middle Valley is given by 
table 54. 

The Elephant Butte.Fort Quitman Section 

The total quantities and mean concentrations of salts 
in the drain waters of the Rincon, Mesilla, and El Paso 
divisions of the Rio Grande project are shown in table 
55. The similar quantities for the river water at 
stations above and below each division are also sh, 
for purposes of comparison. The data are derived from 
the detailed analyses made in the period l 929-36, nnd 
they represent mean values for that period. Sum
marizing the conditions as shown by table -55. the river 
. ·Jr...nrr:: · ·.D. to -,he , 1rea • i.nnuaih :·:.om ··.;Ier:,1i1n ~ 3utte 
Res~rvoir a.bout 766,000 acr;-feet of witer carrying 
about 620,000 tons of dissolved solids. It takes away 
from the area, pa.st Fort Quitman, a.bout 172,000 acre
feet of water carrying a.bout 473,000 tons of dissolved 

TABLE 55.-Totals and mean commtratiom of salt, in rirer and drain water of divisiOfla of Rio Grande Project, New Me:rico i:ntd T=,· 
meana j()r 19!Jf.>-S6 

Ca Na BCO, OJ 

-----------------1·---1----1----1----1·---l·---1----1----1----
River at Elapb:mt Iloti.e O!ltleL .. ---·---·--··--··----·-···· 
Jl.mcon: Toi.Ila !r14 dnhus ............... --···-···· ·-- .•.••••• 

fi:I:~~::::::::::::::::::::::::::::::::::: 
Rmlr at El l'IIIO (~) .............................. . 
Bll'uo: 

Totals on c!mlm lllloTe ~------···--····-----··----
Tlll'lliDo d:n.ln (4 dndm iribuw,) ...................... .. 
D!YU!on tot&!&. •••••••••••••••••••••• -----·-··--··· •••..• 

Rmlr 11£ .Fort. Quitman ...................................... . 
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7~000 
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0. 81 
l.82 
.87 
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l.Zl 
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U2 
2.73 

41 
41-49 
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~ 
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32 
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m 
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14 
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12 
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11 

" 88-47 ,e 
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~ 
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solids. Between these two stations on the river the 
!..,;,ga.tion and drainage of the contiguous agricultural 

ds results not only in changing the concentration of 
_,e dissolved solids of the stream waters but also in 

changing, and appreciably, the composition of those 
dissolved solids. The change of concentration is up
ward at successive stations a.long the stream and it is 
accompanied by higtier concentrations in the drain 
waters and in the subsoil waters as sampled from obser
vation wells. The changes in composition a.re in the 
direction of higher percentages of sodium and of chlo
ride, with lower percentages of the other four major 
constituents. 

TABLE 56.-Salinity of ground wafer in oweroaticm weUa and 
contiguous draim in dir.iiriom of Rio Grande Projut, New 
Mexico and Te:eaa, 1936 

SallniU' In wma of oondoct&Jloe 
KXlO• at 25" C. 

DIYlsloll Obtervatton wells D~ 

NWl:loo Man NWDber 
Me;an 

eample,d c,onduct· IB.lllpled oonduet• 
111108 IIIloe 

llilulon ••••••••••• ---- •••••••••••• 4 21)() 4 l~ 

J4alilla. - ··--····-··············· 16 237 7 :IOI! 
11!:Jl'No: 

71» Abo'l'e Fabem .......•••..•.. 11 II 448 
Balow Fabem •• •....•..•.... .. 670 3 497 

1e salinity of ground waters in the divisions of the 
..... 1.1 Grande Project, as indicated by conductance deter
minations of well samples taken in 1936, is shown in 
table 56. The mean conductance of water of the drains 
contiguous to the observation 'Veils. as derived from 
1B.illD1<'S ·,a.;:en iur..ng ~il:e Jame. ;er:od .l.S :b.a t ·_n Nrueb. 

iib:e well samples were taken, is also shown for com
parison. 

Control of Sllllwt,-

In the problem of high concentration of salts in the 
ir.rigation water and the conditions under which such 
water may be used without ha.rmful effects on plant 
growth, the controllmg factor to be considered is the 
concentration of the soil solution within the root zone 
of the plants. When irrigation water is applied to 
land, some of the water, usually the major portion of it, 
is evaporated from the soil or tnmspired by plants, 
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chiefly the latter. The surplus, if imy, passes away 
either by downward percolation, or by moving laterally 
as subsoil drainage. Because of the losses by evapora~ 
tion and transpiration, the residual water becomes more 
concentrated with soluble material. Thus the "soil 
solution" in irrigated land is normally more concen
trated than the water with which the soil is iniga{ti, 
but the degree of greater concentration depends upon 
what proportion of the water applied to the soil surface 
ultimately percolates through the root zone and escapes 
below. As the proportion of the volume of root-zone 
percolation to the volume of water applied increases, 
the di:ff erence between the concentration of the soil 
solution and that of the irrigation water diminishes. 
Consequently, if injurious concentrations of selin..ity in 
the soil solution are to be avoided I more irrigation water 
must be applied if it is highly saline than would be 
needed if it were less saline. Hence, BB a practical 
consideration in the control of salinity, a definite deter
mination is needed of the application of irrigation water 
required in order that a given concentration of the soil 
solution shall not be exceeded. 

The essential elements in th.is problem are listed in 
the report of the Bureau of Plant Industry. They 
include: 

(1) Consumptive use, i. e., the quantity of water, in depth per 
unit area, required to support crop growth and meet evaporation 
loeaes. 

(2) Irrigation requirement; I. e., the quantity of water, Ill 
depth per unit area, required, not only for consumptive use, but 
&leo to provide wffic:ient percolation through the root &one to keep 
the concentration of the son solution below a given :m.uimu.m. 

(3) Concentration of the irrigation .,..ater ~ithe:r :n ~ect ",e 

;,,-w .. - ::iasor'ved · ,oiida Jr .n :espect :o ·:rnv :onstJtuent ."!!garaeci 
as potentially most likely to cause trouble. 

(4) Concentration of the soil solution in the root zone, mea&
m-ed by the u.me standards, or aa to the ume constituent as 
wied for the irrigation water. 

Several equations have been developed to express 
the relationship between these elements, but as the 
quantitative factors involved are yet somewhat in
definite, it has been considered best1 in this report, to 
prooeed more or less arbitra.r:ily in assuming allowances 
to maintain the desired salt balance. The basis on 
which these allowances have been assumed appears 
later in this report in connection with consideration of 
water uses a.nd requirements. 
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PART I 
SECTION 3.-IRRIGATION DEVELOPMENT 

History or Development 

Recorded history~f the Rio Grande Valley begins 
with its discovery by the Spanish explorers under Coro
nado in 1540. As reported by his expedition, Indians 
were living in pueblos in what is now known as the 
Middle Valley in New Mexico, cultivating land and 
bringing water to it by iniga.tion ditches as their ances
tors long had done. An outline of the early develop
ment of irrigation is given by Follett in his 1896 report 
to the International Boundary Com.mission, as follows: 

Before the middle of the sixteenth century the Spaniards 
entered New Mexico and the ,·alley of the Rio Grande aDd there 
found the Pueblo lDdi&.m, living in their many-storied towns 
and cultivating the l!Llld of the valleys, bringing ~·ater onto it
by aeequia.e, or irrigating ditches, many of which are ,rt.ill in uae 
to this day. How long these Indians had been on the ground ia 
unknown, but they wert even then old inhabitants, and raiaed 
not only grain and fruit, but even flowers, u one poetical and 
doubtle11& homesick Spaniard wrote that roses bloomed along the 
aeequia bank "aa bloomed the roses of beautiful Aragon." 
T.bere are some 17 or 18 of these settlements of Pueblo Indians 
in New Mexico, each holding a land grant 2 leaguea square and 
each with its OW11 pueblo, containing from 200 to 600 people. 
There were at least this number of pueblos when the Spaniards 
came to the country, and probably several more, as the ruins of 
three or four still exist. The inhabitants of each pueblo were 
then much more numerous than now. In other words, prior to 
the middle of the sixt«ntb century, 350 ye.are ago, there were 
1ome ~5.000 ·~, ':0.000 ,eoole ~v;n~ ::om ,roducta ~s.ised by . 
.:T'!g~ .. ~on _n ~iJe · 1io Jr!!t.J a.!e· .. :r!l.u.1a.ge .:.oove ~~:!e .. .'crn.e..c.o del 
Muerto, and tne area of irrigated land probably e:zceeded 30,000 
aerea. 

W.blle the Spaniards first entered New Mexico from Sonora 
ed the Gulf of California, the first attempts at colonization 
were mAde from El Puo aa a base, the Spanish conquest of 
Me:r.:ico having extended to the Rio Gnwde. Thia first attempt 
wu made in 1598, a.nd the first Spanish capital of New Mexico 
W8.II then established at Cbamita, in the Espanola Valley, just 
above the mouth of the Cha.ma. Thia was abaDdoned in 1605, 
and the inhabitants and capital trawd"erred to Santa Fe, wbert> 
they and their dfJllcende.ntB remained until 1680, engaged prin
cipally in milliog. Then the Pueblo mdiam :revolted and 
drove tbe Spaniards from the country. In 1692 it was reoccu
pied by the Sp&niards and pemwiently held. Bernalillo was 
founded about 1700 and Albuquerque in 1706. Settlements 
were made along the Rio Grande, both in the Albuquerque and 
Ellpanola Va.lleya, and &lao up the Chama, the Abiquiu grant on 
the latter stream being made to the inhabitants of that town in 
1739. El Rito, some 20 miles northeast of Abiquiu, wu occupied 
in 1730. 

The Mexican& did not penetrate to the San Luis Valley, 
judging from the wa.ter right.a there granted, until a.fter 1850, 
the oldest water claim in that valley being that of the San Luu 
People's Canal, on Culebra Creek, whoae appropriation dates 
back to 1852. For the 10 or 12 yeani after 1852 the aettlementa 

fi6 

in the &l! Luis Vall11y were confined to the country on the Cos
tilla and Culebra and to the Conejos Valley, the town of Coaitfoa 
being founded in 1855. In 1866 and 1867 settlements were 
started on the Rio Grande, San Luis, and Saguachl', ~-hile the 
ne:zt 3 years saw farms opened and small ditches taken out on 
the Carnero, the La Garita, A!Amosa, and La Jara, but all of 
these, e:zcept those at Conejos, were confined to the little valleys 
back in the hillB aroUDd tbe margin of the San Luis Valley proper. 
On these farms the principal product was hay. This the Mexi
cans fed in winter to their stock, to which the main valley fur
nished s.bWlda.nt pasturage for the greater ponion of the year. 

About 1873 or 1874 the Americans began to moYe into the San 
Lua. but still the farm I.ands were confined to the small aide 
valleys. The first settlement in the San Luis Valley proper, 
outside o! Conejos, wa.e made by the Mormons, who founded 
Mall&SSa in 1878 or 1879. About this time the Denver & Rio 
Grande Railroad built into the vallE.>y. The main mdustry waa 
still cattle ra.iai.ng, however, until about 1S82. Then commenced 
the era of large can.a.I. building, which continued for IO years. 
During this time were built the Rio Grande, Monte Vista, Empire, 
San Luis Valley, Costilla, Prairie, and Farmers' Union Canals, 
besides many others. All those named head on the Rio Grande 
between Del Norte and Alamosa, a.nd, stretching 30 or 40 miles 
north and south from the river, cover the whole of the western 
half of the valley with their network of latera.le. 

The Su Luis Section 

In the San Lu.is section, as indicated in the Follett 
report, irrigation began on Rio Grande tributaries, 
such as Culebra and La ,Jara Creeks and Conejos, San 
:i.uto.cio, •. ma :0stilla i,,.,m3: I1iversions }oz 3ma.J 
ditches could he accomplished more easily f.rom the 
smeller streams than from Rio Grande. A. summary 
of the decreed water priorities in San Luis Valley to 
1871 shows only 36 second-feet on Rio Grande as against 
2,054 second-feet on tributaries. Subsequent to the 
building into the valley of the Denver & Rio Grande 
Railroad, construction began in 1879 on the Rio Grande 
Canal, the largest in the valley today. As noted by 
Follett, this was the forerunner of an intensive develop
ment in the following decade during which were built 
most of the larger canals which a.re now diverting 
water from Rio Grande. The great activity in this 
period is strikingly demonstrated by the fact that de
creed water rights bearing dates between 1881 and 1890 
total nearly 8,000 second-feet on the streams of the 
southwest area, Rio Grande, Alamosa., a.nd La Jara 
Creeks, Conejos and San Antonio Rivers. Substan
tial development was made also in all other portions 
of the valley. From 1890 to 1900 development seems_ 
to have been confined largely to the area served by 
Rio Grande, as indicated by decreed rights to nearl} 
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3,000 second-feet. that were initiated for this area while 
·· '.,, water was decreed in other parts of the valley. 

record indicates that development bad proceeded 
!I~ llllis time to the extent of greatest possible diversion 
of the :natural stream flow and that storage develop
ments were contemplated. 

A serious condition soon complicated the situation. 
It was brought about ~ the rise in ground-water levels 
to such an extent that le.nds in the lower parts of the, 
valley were becoming seeped. With continued la.rge 
diversions from Rio Grande to the porous and shallow 
.soils in the dosed basin, the underground basin had 
filled rapidly; the water table had risen from depths 
ranging from 40 feet on the east to 100 feet on the west 
to a position practically at the surface on the east, 
bordering 'the sump, and to a level within 10 to 15 feet 
of the surface on the west. 

Under the large network of canals built between 
1880 and 18901 land was first brought in about 8 miles 
northeast of Monte VJSta. Activities were extended 
from that locality to the north and ea.st until in a 
short time the whole central portion of San Luis Valley 
as far north as Hooper became one flourishing wheat 
field. 

A method of subirrigation peculiar to this region was 
developed a.nd is still practiced as it is claimed to be 

~ ,,, ..,tia.l to the successful growth of crops under the 
id water-supply conditions which prevail. By it 

'I.... .;round water is built up to within 1 to 3 feet of the 
surlace and water is then allowed to run slowly through t mia.11 ditches spaced about 8 rods apart. W a.ter from 

· these ditches seeps outward. sup-pIYllli5 moisture to the 

1.ia:ua. .::'Jis ·:nethoci ~aily ~ohstJt..rws :n ?a.i"'; .i 

r substitution of underground storage for 11headwa.ter" 
or stream storage in an e:ff ort to adjust the water supply 

l to the irrigation demand. It results, however, in 
overd.iversion during the spring run-off, in unduly high 
water tables, and in excessive evaporation and tran-
1pir11.tion losses. 

t 
1 
__ Thd e rise in ground water and the seepingf of lower 

um s soon began to force abandonment o acreages 
along the eastern side of the closed basin, with oon
oorruta.n t substitution of lands farther west. This 
gradual pro<leBS of abandonment at the east and ex
tension westward proceeded at a rate of half a mile to 
11, mile per year, so that by 1910 or 1915 the once pros
perous agricultural areas near Mosca. a.nd Hooper were 
under brush and salt gnss, the farm houses abandoned, 
and the fences broken down. As yea.rs went by the 
irrigated zone shifted to the westward. until it reached 
the extreme west IIDde of the valley, while the broad 
st.retch of once-occupied ]ands to the eastward wu 
J,~ "'8vert to its natural state, badly d.a.maged, how-
t J' albli. 
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Dre.wage to reclaim. seeped ]ands in various parts of 
the valley began about 1911 and by 1921 e.ight drainage 
systems serving about 90,000 acres had been constructed. 
Of these, the Sylvestre, Gibson and Rio Grande are 
in the closed basin a.nd the Pa.rma1 Carmel, McLeant 
Monte Vista Town, a.nd Norton are in the southwest 
area. Drainage of the western area in the closed b~. 
has developed waters which have aided in a progressive 
reoccupation of part of the neighboring lands to the 
eastward, but large areas between the present irrigated 
a.rea. and the old eastern boundary are still open for 
recla.ma.tion by irrigation and drainage, the only basic 
requirement being an available water supply. 

Decreed water rights initiated in the period 1900 to 
1920 total about 3,400 second-feet for the valley. Of 
these, 1,100 second-feet were for the Conejos-San 
Antonio s.rea a.nd 1,000 aecond~feet for the Trinchera 
area. Since 1920 little water has been decreed. De
velopment has included the works constructed by the 
Del Norte Irrigation District to irrigated bench lands 
lying north of Rio Grande between Del Norte and 
Monte Vista, the dam for the Continental Reservoir 
and additional drainage systems. The latter include 
the drains of the San Luis Valley Irrigation District in 
the closed basin and the systems of the Waverly, 
Bowen, Morgan, Adams Lane, Mana.ssa Town, and San 
Luis Valley Drainage District in the southwest a.res. 

Although the development of storage to regulate the 
water supply for San Luis Valley wBB considered in the 
early 1890's, construction on any large scale was 
prevented by the "embargon of 1896. This was an 
0rd~r :iy •,be Secret!IJ; '>f the Interior fuectiru; ·.he 
, :om.n:ussion~r Ji :.he ··Jeneral :..W.ci Jffica :,o .;uspenci 
action on all applications for rightS:-Qf~wa.y across 
public lands in Colorado and New Mexico for use of 
Rio Grande water. It was issued expressly to prevent 
further depletion of the flow of Rio Grande in the 
Elepba.nt-Butte,.Fort Quitman section, and as a result 
of complaints by Mexico of water shortages and the 
subsequent investigation and report by Follett to the 
International Boundary Com.mission. This depart.
mental order held until 19071 when it was modified to 
permit approval of applications for rights--0f-wa.y 
involving the diversion of storage of water in a.moiints 
not exceeding 1,000 a.ere-feet and of applications in 
connection with which thei-e might be a showing that 
the rights of the applicants had been initiated prior to 
the beginning of active operations, on March 1, 1903, 
u stated, by the Reclamation Service for the Rio 
Grande Project. With th.is modification the embargo 
remained in efl"ect until 1925, when it was lifted entirely. 

Moat of the reservoir development in the San Lu.is 
soot.ion that could be a.ooomplished under the emba.r,ro 
took place between 1900 and 1915. The Rio Grande 
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and Santa Maria Reservoirs in the upper Rio Grande 
watershed, with a. combined capacity of about 93,000 
a.ere-feet, were completed in 1913. La Jara and Terrace 
Reservoirs on La Jara and Alamosa Creeks were com
pleted in 1910 and Hl12, respectively. These have a 
combined capacity of about 32,000 a.ere-feet. Other 
reservoirs completed in this period include the Sanchez 
on Culebra. Creek a.ud Mountain Home a.nd Smith on 
Trinchera. Creek. The Continental Reservoir in the 
upper Rio Grande drainage, ca.pa.city 27,000 a.ere-feet, 
was completed in 1928. 

Acreage irrigaied.-For ad.m.inistra.tive purposes of 
the Colorado State engineer in distribution of the sur
f ace waters in accordance with rights decreed by the 
courts, the San Luis section comprises irrigation division 
no. 3 subdivided into eight water districts, nos. 20, 21, 
22, 24, 25, 26, 27, and 35. The positions and approxi
mate bow:ida.ries of these districts are shown on plate 1. 
The irrigation division is a.dmimstered by a division 
engineer and each water district by a water commis
sioner reporting to the division engineer. These officials 
distribute the available water supply according to the 
various decrees and render weekly :reports of the amount 
of water distributed, the la.test priority receiving water, 
and other pertinent data. The division engineer makes 
an annual report embodying data on the ditches, reser
voirs, quantity of water diverted, storage operations, 
acreage and crops irrigated, operation and :maintenance 
costs, a.nd the general conditions which have prevailed 
during the year. Except for Federal census data and 
the reports of a few surveys made in connection with 
engineering investigations, these reports of the division 

1 enmnee!' :.13.v~ ·:,Pe:!J. :he )ru-: 1vailab1e ~ource rOi ieri'1'
ing the i,Otai ·acreage irriga~ci in the valley 1~ the pa.st. 
Such checks a.s could be made of the data on irrigated 
acreage in these reports indicate that they may be more 
or less inaccurate~ This may be attributed in part to 
differences in interpretation of what areas were aetually 
irrigated, involving, for example, the question as to 
whether or not certain extensive acreages of pasture 
were irrigated, but in the main it is attributable to the 
conditions and methods under which the data a.re ob
taiJ?.edby the water commissioners. They do not make 
an actual survey, but rely upon information furnished 
by the water users. In general, the data from the water 
oorw::rili!sioner's reports appear to. give totals higher than 
the actual irrigated acreage. Regard.less of whether 
these data represent correct totals for ea.ch yea.r, it is 
believed that they may be used to furnish an index of 
the trend of irrigation in the valley. In a report on 
"Investigations in the Middle Rio Gra.nde Valley" sub
mitted in 1932 by E. B. Dehler, hydraulic engineer of 
the Bureau of Reclamation, the annual data. on the 
imga.ted acreages in &n Luis Valley aa given by the 
water cornrnieefoner's :reports were compiled by water 
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districts for the period 1880 to 1930. This compilation 
has been reproduced, with the addition Of data for thP 
years 1931 to 1935, as table 57 of this report. 

In the period l 925-34 four special field surveys 
were made of the irrigated acreage in Sall. Luis Valley. 
The first was ma.de in 1925-26 by R. J. Tipton for the 
Colorado State engineer. The other three were made in 
connection with investigations by the New Mepco 
State engineer; in 1927 by E. P. Osgood; in 1932 by 
J. H. Bliss; and in 1934 by Russell Dallas. The data 
of these surveys are shown in table 58. 

The Middle Section 

FolleWs historical outline previously quoted furnishes 
some in!ormation on the beginning of agricultural and 
imgation development in the Middle Valley. A more 
detailed account of events during the Spanish occupe.· 
tion of significance in tracing irrigation development is 
given in the 1928 report to the Middle Rio Grande 
Conservancy District by J. L. Burkholder. The follow
ing statements are quoted from. pages 23 to 25 of that 
report: 

The ill"Bt Spaniards to visit New Mexico were treasure seekers 
under Coronado. They accomplished little in the way of develop
ing the country and, disappoin~ in their quest for the fabulous 
wealth of "Cibola", returned to Mexico in 1542. 

It wa.e not until l5S8 that a real colonW:og erpedition under 
Don JU&D de Onate came into the valley and founded a aettle
ment near the mouth of the Rio Chama at the Indian pueblo o~ 
Yugewinge. Thie settlement was christened San Juan de lo 
Caba.Jle:ros and was the first capital of the new empire. Here, 
with the assistance of 1,500 Indians, Onate built a canal or 
"acequla." which was probably the first Spanish ditch in the 
country. 

A few ..,ears later (probably 16091 ~bis 1ettlement 'TN! a.ban
·- ;oneu ma i :e'" ·ap1ta:J ..,ad ll;'l;a0Jisn~1 it ·~.:ie -~ o11aaa 3.ea.r de 
la Santa Fe de Francisco de .ASBizi, where it rem.ain11 today under 
the short name of Santa Fe. 

Exploration a.nd colonuation were curled on from Sant& Fe 
for a period of about 75 ye.a.rs, but in Ul80 the Indi.aDs .roee in 
revolt and drove the Spaniard!f out of the country. They 
retired to Paso del Norte (the El Puo of today) and remained 
there for 12 years. In 1692, under Don Diego de V1U"gl18, they 
put down the Indian rebellion &lld :returned to Santa Fe and the 
Rio Grande valley. 

At thia time many vut Spanish land grant.a were made, in 
reeogniticm of aervicea rendered during the pueblo rebellion, &lld 
the real development of the country bepn. Perhaps because of 
the location of S&Iita Fe, which was the capital and headquarters 
for the entire country, this development took place genenJly from 
north to IIIOUth, the country near Santa Fe being sett.led !m. 

In almost n,gu1ar progression down the river to the IIIOuth, 
l!ll!ttlement and development followed. Bernalillo wu founded 
about 1700 on 11, land grant from the Spaniah Crown. 

The Villa de Ban Felipe de Albuquerque, named for King 
Philip of Spain and his viceroy, the Duke of Albuquerque, was 
aettled In 1700 on the ei.te of the old "hacienda" of Don Luis 
Carbajal, which had been destroyed by the Indiana during the 
uprilllng of 1680. 

In 1739 oeriain resident. of Albuquerque, diaatlded witJ
eonditiona there, moved & few miles to the aouthward and est.ab 
llehed the aett.lement bown 111,1 Nueiri.ra Senora de 1A Conception 
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TABLE 57.-Aa-eageB irrigated in San Luis Valky, ""tUri.fl«lfrom \llOUr commialioner'a report& 

Total ln"l· 
1----,------,,------,-----,-----,-------------l pllQtl d!vi, 

18!10 ••.•..••••.•••••••.•• ···-·. ···-. -·· •• -- ••••..••••• -··- •.... 
Ul81 ...•...•..•••••••••••.• ---- •••• ···---· •... _ •••...•••••••... 
1!182. -- ··-· ...• •••••• •••..•••• -· ••••••. -· •. - ..• -- ....••.••••••. 
1883-·-----------··----·····-···--···- ······-·····----· .... -. 
l.B84 ••••••••• -· •• --------· ........ ----·· •••• - ••••••••••• - - ---· •• 
1885 .......••••••....••..••••••••••..••.•..••••..••••••..••• --. 
1886 ........•••••....•..... _ .••••••••.. ___ , ...••.•...••••...••. 
1887 ................. ·······---·-- ·····--········ .•....••••..•• 
1888 •...••••••...•••• __ ••••.•••.. ·•••·••••··••· ···-···-········ 
l881l ...••• -------··----···········-·······················--··· 
ISW •••••••....••••.. -·. - ·- .••. -· ••• --- ..•.•• - .•••••.••.••.. -- • 
I89l •....••••••..••••••.....•..••••.•.••• -· .•••.•••••...•••.•.. 
1892 ....•...• - •••.•••.••.••• -- - •.••....• - •••••. ···-····· ••••••• 
111113 ... ---···----············-······· .....•.. ·····-···-·-······ 
1894 ••••.••••.•..••... -·. ·- .•.••..•...•... - •.•• -··. ···- ·-· ••••• 
1895 ....•....•.••..••••• --- ••..••••.••• ··- •. --- ••.•..•••. ··-··-
1896 .....•..•....•.•• ···- ............ -- ..•.•.. - ••..........•••• 
1897 .••............•..••......... _ •..•.•• _ .................... . 
JS91l .. -·······-··················-··· ············--··-········· 
18119. -- ---- -••• --·· --- --- .......... ---•••. -- -••.. -• ---- --•••• --
lliOO ..•....•..••.. --- .• - ----·· ·--. - - . - - ..••. - - -..•• -·. -•. - • - .•• 
lllOJ •••••• ················--·········----·· •••••••••••••••••••• 
1902 •.•.••...••••....•• -- ····················- ................ . 
1003 •••• •••••·•·•••••••·· ••••••..••..••••..•••••.•• -.. ---••.... 
1004 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1905 ................... ---·············-······················· 
1000 •..... ···········--···· ...••••• -· - -••..•.••......•. --- ..••. 
1907 ..•.....•.•..••.•....•••. ······-··························· 
1908 •.•... •········································-··········· 
1909 •••..... -••••.•... -•• --- .......•• ·-- .••••....•.••.•••••••.• 
1910 .....••••....••••.... ----·· •••••...•.......• ·-· ..•• ····•••• 
1911 •••••• - -- • ••••••• ••••••••••••••• -- ••••••• -- •••••••••••••••• 
1912 ...••••....••••••..••....••....••••..••••••. - ..• --·····-··· 
1913 ...•.••••.... -- .•..••.•..••.•. --- .•••••..•. -· ..••. __ .••.••. 
1914 ....... ~ .................. ············-···· ·-· •••••••••••• 
1915 •••.•.•..•••.....•• , •.•••..•....•..•. ····-· ·······-·······-
1916 ...•.••..••..••...••• ---- ..••...•• -- - ••.••••...••..•••••••• 
191, ...•••..•....•...••••....••....••••.•....••.... ··········-· 
1918.--··································· ... ····-- ........... . 
11119 .......................................................... . 
111:lO ....•• - - -••••••..• ---- ............. - ............ -••.• - - - ••• 
1921. ••••••.•.•••••••••••••••••...••.• ·-·· •••.. _ •.••••••• -· -- --1m ........................... ___ ............................ . 
'023 .....•• -· ..• ···-··· .•.... ---- ......•• -- ..••.• - • ---· •.....•. 

"····-·················································-···· 
t .............. -----............................. -· ... ·-··· 

n .. ----······ ..... --.. -...... --- .. -- ....... ·- ............ ·--
11128. ·--- •••····· .••.••••...•••.... ·•••••••••••··•· ••.....••• -· 
11129 ...••••.....•.. ---- •...•••• --- ..•••..•••••••. --- •••..•••••• 
111:lO .....••••....••.••••••..•••••....•••• -·- .•••.. -- ..•....•••. 
11131 ••••.••••••..••••..••. _ ..••... ·•••••• .•••••••....••..••.•.. 
11132 •••....••.•.. ---•.. -- ••....••••.. -- ••••....• - ....•• -• ----- • 
11133 •••••.•••...• ··••·• •••. ·•••· ----- ••••....... -.. -- ••.. ··•••• 
1934 ......................................... ··- ..... ······· .. . 
lll .. ' .............. -----

No.20 No.21 No.22 

"'l:00 31, llOO 
33,700 
44,400 
t5,t00 
61. l'OO 
:i,a,400 
57,t(l() 
all,tOO 
l!O, 000 
ao.ooo 
M,000 
60,000 
46,000 
80,000 
56,000 
00, 525 , ao,ooo 

I tb, 00() 
I 80,000 
I M,000 
1 eo,ooo 
1 30,000 

43,920 
I 3.5,00() 
'70,000 

73,004 
7', 7'18 
llG, 730 

104,748 
93,ffl 
87,524 

117,0Sl 
117, 1/51 
86, 730 
SS,3& 
1111, 700 
117, ~5 
97,040 

IOl,i.57 
119, 700 
89,420 
lillil,270 
l~~ 
136.840 
128. ISO 
111,038 
106,863 
103, 3iO 
10&,368 
102,MO 
81,420 
87, 10. 
lie, 831 n. ,n 
07 • ..iJ3 

No.U No.2.5 

8, G:iO k,lOO 
I, 700 3.5,3'0 
I, 700 3&,~ 
8,BOO 311,810 
1,800 39,120 
8,1100 39,f.lO 
8,800 39,S.W 
II.BOO 40,~ 
8, IW)O 43, IIOO 
1,800 ~G&:J 

10,000 U.11.!0 
10,000 ~WJ 
10,000 47,SW 
10,000 40,200 
J0,000 44,700 uoo '2, !HO 
7,000 46,295 
&,199 4&, 408 

10, &37 23, 1141 
10,637 44,591 
10, Ml 46, 09!! 
10,628 t4, 1!81) 
11,.067 1Ul9 
11,045 '3,076 
II. 73g 16, 14! 
8.t0'7 I 15,000 

lG,MS ltl, 180 
17, Olla 2e, 7g7 
16, IW)O 25,338 
30,412 I 22, 744 
35,910 20,281 
18,292 IV, 738 
13,846 17,C!Ot 
16, 2:18 18, 1136 
111,294 19, 1100 
12,627 26,011 
12. 9"5 21,218 
:Ml, ll08 15, 1191 
10,516 22, 151 
2.5.1128 :13,bll 
13, 7W 21,810 
22,347 40, llOV 
17,Q04 :11, 035 
16, 794 9,l!.l() 
a1, 118'1 zi,m 
3J,53e 17,776 
32,423 I 32, 2117 
33,203 112,216 
33, 8Il 83,836 
34,045 '9,'18 
3.5,589 34,245 
22,34.6 40,009 
30,886 47, HG 
32, '°° 211.573 

Q, 9e ':15. JJ<l 
O.oH" :7. ;7~ ' 

I 

No. 26 No.27 No.M lllOll llD. 3 

111,~ 4,000 2,G40 131,475 
17,270 4,000 ;G40 Ull.a20 
17, IIOO 4,000 2,114() tgM.O& 
18, 72.5 4,000 2,040 ,! I, 500 
20, 38() 4,000 2,670 201, !55 
20,555 4,000 2,670 213, 2!0 

. 21, 23-0 4,000 2,SQO 228,595 
22,210 4,000 2,890 247,125 
22,505 4,000 4,040 mm 
22, 50S 4,000 4,520 285,JIO 
22, .505 4,000 4,780 303, 71:i 
21,430 4,000 4,780 3M.*40 
20, 29() 4,000 4,780 3118,305 
19, le() ,,ooo 4, 780 U2_925 
18,020 4,000 f, 780 339, ll35 
lG,~ 4,0-W 4,430 339,105 
.:kl,~ 2, C70 4,181) 118,700 
12,360 4,M6 I 4, 5()0 335. 211 
19,~; I 3,000 J 4,000 269,216 
3,755 l,569 l 5,000 3(U, 096 

23, i,oo I 3,000 'G,000 412,829 
23,558 2,00() 10.000 426.m 
5,lM l, 303 tl,2tS 187,SSl 

11,275 3,2Jo l G, IJO() 323, coo 
s,,19 3,531 l 4,000 211.5.16 

ltl,H3 2,685 I 6,000 377,837 
20,116 l,5$5 I 5,()00 413,441 
24, 2'i3 I, !IOI ll,900 454.369 
14,275 1,.5.12 I 5,000 ~.~ 
25,021 4,282 I 4,()00 421,451 
u, 700 li,397 3,478 '6,5, 46() 
2.5,61J.t 4,241 f, 100 W. 008 
29,396 6,250 4,152 519,789 
!18, ,w ~.•s2 '10,000 488,825 
31, 631l 6,025 le, 928 62e, ll4-i 
30,932 4, 2""4 20.oeo 513,361 
27.~ ,. 132 12,536 536. 921 • 
37,7& 4,:M8 14,820 561,334 
26,675 2,146 11,776 w. 7ilO 
37, 52i ,, 700 ltl,0.58 W.175 
37,222 7,804 18,401 667,6'4 
63,057 li, 100 40,802 61&. "2 
a.5, 1.27 11. 7.W U,349 S88.7G9 
U.,583 11,2211 8, 9'3 Cl42. rn 
19,700 8,195 17,539 015, 178 
46,763 6,827 ll, &40 at,836 
00,320 l,U02 11, 707 ®3, ,564 
(7,802 1!,485 l5,500 ffi,1571 
,u, 11117 7,546 It, 2ll 703,135 
58,007 7,158 2.5, l1l0 738,477 
~682 II, 6941 28,871 722, 3113 
63, 50i ,5, 100 .W.B02 Clll,891 
30,918 5,752 33,730 705, 787 
~.378 ,l. 074 '.:11. ~::o , llllO. ~34 
-i. )+I _.. t;u :V, ~I\ G.~66 
Ill, ii60 I J.-;03 I .:zz~ I ,'!W,024 

• Estllll-lled to complete total tor the dJvlsloo. . 
1 A vllilable ffllOn:b showlq approximately 37,000 acres for dl.mici 20 ID tills year are believed to be lnromplet.e. The llirurt given ls a.o i!!!llmate based 01:1 genem.J condlUom 

applying io thli,•ear. 
• Publlsboo lllrl,Uff an highei by 80,000 aero In 1909 and by 30,000 -In 1112G becawie of the J1:1clwuo11 oi'. pa.stm-e laod on the DILCII iirant. For other ,eazs, subsequent to Ulm at 

lea..11, ll1ul"l!s !or such putm-e l&nds are not included. 
Data lor 1880 to 181l6 In! rrom the Follett report, S. Doc. 2211, 55th Cong., 2d sess., but 1rere l&rcelY suppl.led to Follet1 by SB11 Luis Valley water co!llllllSSlonen. other data 

except as noted 11re ffllll:I biennl&I n,ports of the Colomdo Stale e111!,:,eer or !rom n,porta of tbe dlvi&lon eDflDllel", Jnlaatlon dlvl!iion no. 3. 

de Tome Dominquez. TWB settlement still exiBts uDder the 
shorter name of Tome, and it ill interesting to note that one of the 
reasons for the dissatisfactioJJ of the original settlers with Albu
querque wae the shortage of water for their fields. 

In 1716 a grant of la.Dd kn.own a.a the San ClemeJJte Grant 
wu made to ADA Snadoval y :Maru.a.nares, daughter of Mateo 
&ndoval y Manzanares, one of the origillal colonista driven out 
by the pueblo rebellion of 1680. The present town of Los Lunu, 
some 20 mile.a south of Albuquerque, is located on this grant. 

The Belen area developed from a.nother land grant made in 
about 1642 and the La Joya Grant to the south followed. 

The Socorro area wu developed many years later. There 
were Indian pueblOII in this locality in pre-Spanish time and the 
Spaniard.a est&blJmed aevenJ miMiom at these pueblos, but after 
the rebellion of 1680 these few sma.11 settlement.a were expoaed to 
continual. attack by the hostile Apaches, who murdered or drove 

~the aettJers, ud it wu not until the building of the railway 
n the Rio Gnwde Valley aome 200 Ye&l"l!II later that the real 

elopmet1t of thia country took place. 
2lilS-88--6 

TABLE 58.-lrrigated area, San Lu.ii l"alley, Colo., rep01'ted by 
BU.rf!eya of Tipton, Ol!good, Bliss, and Dallas 

Tip$cm •••••••••• ••••••• •••• -······- ····- - ••••• ---- •••••••• 

~·::::: :: : : :: :· ::::: :::::::::: :: :: :: ::::: ::: :: :::::: 
Dallal .••••.•••.....•••.•.•••••...•••..••••. ··- ••.•.. -·· •.• 

As each community wu settled it built ita own irrigating cptcb 
or "acequia", since all of these settlements were agricultural 
oommunitiee, dependent upon irrigation, without vthfoh no crop1 
could be grown in this country. 

From the date of discovery by the Spanish Conquistadores in 
1539, the Middle Rio Grande Valley wa.s cl&i.med by Spain and 
waa ruled by SpaniAh govemorB under the jurisdiction of the 
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colonial government of Mexico until 1821, when Mexico estab
lished her independence. 

When Mexico revolted and became independent, this upper 
country became Mexican territory &r1d so remained until it wu 
ceded to the United States of America under the treaty of Guada
lupe Hidalgo in 1848. • This treaty, which me.rked the end of the 
Mexican War, guanmteed to the inhabitants of the ceded area 
the ume rights and privileges to which they had been accus
tomed. Conaequeaey the customs of the Sp&niah colonies have 
been preserved to a considerable extent in New Mexico. 

Information on the development and extent of irri
gation in the Middle section prior to Follett's investiga
tion, a.nd indeed even to 1918, is meager. As de
scribed further under the heading of acreage irrigated, 
estimates by New Mexico engineers fix a. peak develop
ment about 1880, with a. sharp decline from that date 
to 1896. Subsequently 11 further but more gradual 
decline is indicated to about 1925. This decline is 
attributed to a progressive increase in seeped and 
water-logged areas which, a.t the time of orgll.Ilization 
of the Middle Rio Grande Conservancy District in 1925, 
occupied almost two-thirds of the agricultural area later 
incorporated in that District. The seeped condition is 
a.:ffi.rmed to have been the result of decreased flow in Rio 
Grande which ca.used deposition of silt and a conse
quent raising of the river bed and of the contiguous 
wo.ter table. The decrease in river flow is asserted to 
have been due in part to depletions in San Luis Valley. 

As early as the late 1890's it was rewed by many 
people in the Midale Valley that d.ra.ine,ge and s.n 
improved irrigation system were necessary, and some 
years later a small drainage district was attempted south 
of Albuquerque. However, these early attempts at 
~~c:~a:~cn ,,-~~re .:.:3t:C~essiLli .. iue .. ;arr.iy. :o :a.ci )J.. 

proper organization. In 1923 the Legislature oi New 
Mexico passed a conservancy act a.nd the decree of 
organization of the Middle Rio Gra.nde Conservancy 
District was entered by the appropriate court on 
August 261 1925. The phm of the district for flood 
control, drainage, and irrigation in the Middle Valley 
was approved in 1928, and active construction began 
in 1930. Completion of the works, including El Vado 
reservoir on Rio Chama, with a capacity of 198,000 
a.ere-feet, was accomplished in 1935. 

Acreage irrigated.-A.s reported by Follett in 1896, 
there were at that time on Rio Grande and its tributaries 
in New Mexico above San Marcial, 572 ditohes having a 
total capacity of 5,106 second-feet and conducting water 
to 150,410 a..cres. Of the total, 104,650 acres were 
irrigated from tributaries of Rio Grande and 45t760 
from the main stream. The main stream acreage 
involved 14,060 acres in Espanola. Valley and 31,700 
acres from Cochiti to San Marcial. 

The next available information on irrigated acreages 
in the Middle section is given in a report by Herbert W. 
Yeo to the Bureau of Reclamation, covering the results 

Rio Grande Joint Jnr,eBtigation 

of an investigation ma.de by hlm in 1910. The !ollo,.. · 
data are derived from this report: 
Valley subdivision: Ac:>"':~1111 

Rio Grande tributaries above San Marcial________ 60, 390 
Boecoro ValleY------------------------------- 10,060 
Lower Albuquerque Valley.------------~------- 22,860 
Upper Albuquerque Valley .• ·--···------------- 12,300 
Espanola Valley - __ . - - • - •••• ___ . _ •• - ••• _. - - _. _ rt~S, 335 

Total·------·-----------------·----·-· 110,945 

The Follett and Yeo acreage and ditch data for the 
Middle Valley unit from Cochlti to San Marcia.I show: 

Number Capacity, Acreage Year ol Authority 
' ditches second-reet irrlpted 

ll!lliML •••••••••••••••••••••••••••• 7J 1,7"/ll 31, 700 Fol11tt. 
19Ul. ••••••••••••••••••••••••••••• 79 2.m 4.'l,~ Yeo. 

During 1918 the N'ew Mexico State engineer com
pleted a survey of the valley from Cochlti to San Marcial 
as a preliminary to drainage. The following statements 
a.re quoted from the report of this survey: 

The total gross area of the valley, as determined by tire surYey, 
including all areas from the foot of the slopes a.e nearly as may be 
determined, is 200,012 acres, cla.saiiied as follows: • 

Cultivated (class I) •••... _. __ •••• _---------. _____ _ 
Cultivated (clll.8B II) __ •• _____ • _______ •• ___ • __ ·-- •• 
Alkali and sa.lt grass __ ._ •.••••• ________ ••••• _ ••• __ 5, 
Swamp __ - •••••• - - .. ___ - - - .•••• - - - ___ • - •• __ - _ - _ _ _ 6, ,h , 
Tilnber------------------------------------·----- 37,594 
River and river wash .. ---------------------------- 27,536 Othervalley _____________________________________ 33,593 

·: Jtat. _ . _ - _· ...• _ - - - _. ___ • ______ - _ ..•• : ___ ~ •. ~Oo. ) 12 

In cultivated (clll.SS I) of this classification are included all 
areas ths.t are being cultivated and, by a supemcial examination, 
do not show that crops are being impaired by a too high water 
table. It does not mean that the I.and is not suffering from a 
high water table or even endarigered, nor that it will grow all 
crops without injury, but that there are no surface indications 
of a shallow BOil. 

In cultivated (claes II) are included those culth-ated areas 
which do show indications of a high water table either by evideDt 
saturated &oil or the presence of alkali or by affected erol)II. 

In a.lluill and salt grUB are included thoee areas which a.re not 
being farmed, have visible quantities of alkali, or a.re overgrown 
with salt grft88. It is uswu that such areas have the water table 
within a very few inches of the surface and during periods of high 
water table it may be at, or even 11.bove, the ground surface. 

The ewlWlp areas are thoee that have the ground water exposed 
and are indicated by the water surface, ma.rah and rushes. 
Thill clus is very closely related to albli and salt gnu areu u 
the two may oscillate to a certain extent with fluctuations of the 
ground wat.er within the same year or from year to year. 

The timbered areas are those overgrown with timber or brush, 
usually cottonwoods, willows, or thorn bushes. 

In the river and river wash areas are thoae actually occv~·-· 
by the river or the wuhed cha.nnels through which the · 
ftom at a higher river stage. These l&tt.er are usually free i.. 
vegetation and consist of washed u.nd or gravel. 
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In the other valley ueu are mcluded all la.ode that do not 
come under the other elaasilieatioM and may be sand waste!, or 
&nd dunes or sage brush either above or below ditches, and 
vilJAge or ton area. 

This report indi~tes that there were found in the 
Middle Valley &?ea covered, 65 ditches with a carrying 
capacity of 1,957 second-feet. 

Between 1924 and-1928 investigations in Rio Grande 
tributary areas were made by the New Mexico State 
engineer's office, and the Middle Valley area from 
Cochiti to San Ma.reial was under investigation by 
engineers of the Middle Rio Grande Conservancy Dis
trict. From the data of these investigations it appears 
that in 1928 or thereabouts the irrigated acreage was 
approximately as follows: 

Aal!lrfe 
... ..1: • • i,npaud 

Valley sul,IWvwon: 1m 
Rio Grande tribu f.aries above &n Marcial. ______ • 91, 760 
Middle V alley-Coehlti to San Marcia.I.____________ 45, 580 

The 1928 Burkholder report of the Middle Rio Grande 
Conservancy District shows for 1927 a total of 67 
ditches, with a carrying capacity of 2,038 second-feet, 
in the Cochiti-San Martial area. 

A summary of the foregoing data with respect to the 
acreage irrigated is given in table 59. 

TABl,ll: 59.-lmgaud acr~ in U&e Middle MC:itm eompri.ring 
the Rio Grande drainage area in New Meziw abotre San Marci.al 

Rlo Oraude 

Trtbtl· r----.... ,--1 ;t!~ 
t&ry Espao, I Cochltl San 
areas ,Ja ~ ~!ID "'.'llt&I ~n:rc:al 

Authority 

.. ·'way. :d.i.rc:!UI 

-----IM6 ______ 
10!,1!,,o 14.Cl!O 31. 700 415,7450 1114),410 W. W, Follett. 1910 ______ 
GO,i!W J5,335 45,23) 00.~ 110, Dt5 II. W. Yeo. llll.8. _____ ---- ---- 47,000 

_ __ ... .. __ ....... New Mwco stai.e eDli· -· 11128 .... --- 91,760 J!,805 45,580 51,311.5 l'3,H5 N.,,, Mexico State ead• - and chief eqj. 
mer, Middle Rio 
Grande Conserv11Dey 
District. 

In a review of all available data on the history of 
irrigation development as pertaining pe.rticula.rly to 
the Middle Valley from Coclrlt.i to San Marcial, C. R. 
Hedke, in a report of December 1924 to the New 
Mexico Interstate Compact Commission, presented an 
estimate of this development from 1600 to 1925. 
Th.is· estimate; as taken from the Hedke report, is 
shown in table 60. It will be noted that for 1880, 16 
years before the Follett ·investigation, the deduction is 
made tha.t there wu amuimum of 124,800 acres "under , 
development" from Coobit.i to San Marcial. Th.is is 
indicated to ha.ve declined t.o 50,000 acres in 1896 and 

- 45,000 acres in 1910. 
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TABLE 60.-Deduction by Hedlu of irrigation development in 
Mid.du Rio Grande Valley, Cochiii to San Marcial, 1600-19!!6 

I 
Nlllll• Second, .Alnll!I 

'l'!llltl IIP to- 1*' of r.e, ca, under Acres Remarks 
ditches p&cjty dnelop- taolld 

met 

-----
l«IO ••••••••••• 22 S37 25,M.5 ....... --...... Indian development, 
1'100 ••••••••••• 61 l,44~ 73, MIO ........... -.... Indian wltb Spawsh. 
1800 ••••••••••• 11) l,llm 100,~ -....... --... Above wltb Spanish ~-
1850 ••••••••••• 80 2,0UU 1%1, Jl5 ...... _ ........ Natun.l lncreue. 
J8SCL ••••••••• 82 2, H5 12(, 800 m_m_ ..... __ Transoont!JJental tramc and 

Clvil War demAlld, com. 

1800 ••••••••••• 
pletecl development#. 

71 l,771l 50,000 7•. 800 Due l.o short water SUJ;_PIYd 
rl.sin~ water table, I'll oa 
mpJ' y comJ:Utlon, and rail-
roa labor emand. 

1910 .•••••••••• 79 2,121 45,220 70,580 Fm1ber shortage and J'Urther 

1918 ••••••••••• 
rls!ug water table. 

es l, IM57 47,000 77,800 War period. 
Jll'.I., ••••••••••• 00 1,850 41),000 84,800 Estimated presellt colld!tloa. 

A.JI d':1.::l~ c. R. Bed.te and presented ln report to Ne• Me:a:lco Inlelstate Com-
pact C 11, December 11124. 

The Elephant Butte-Fort Quitman Sedion 

In the Follett account previously quoted there is 
only brief reference to the Elephant Butte-Fort 
Quitman section. In a report by R. G. Hosea submitted 
to the Rio Grande Survey Commission of New Mexico 
in 1928, the early history of this section is covered at 
some length a.s the result of considerable research by 
Hosea, and the following para.graphs are quoted or 
abstracted from bis report: 

The original Indian inhabitants of the El Pa.so Valley, the 
Maruios and Zuma.nu, were not an agricultural people; they had 
no permanent town and did not cultivate (or irrigate) t,heir 
lands. 

The first wbire settlement in the Lower Rio Grande Valley 
was founded December 8, 1659, by Fray Garcia de San Francisco 
y ZUlliga-a mission dedica.ted to the Virgin of Guadalupe, and 
ca.lled ~l "?as.so. It ~·as )n ~he ~uth ,ide 1f ~he ~iver J.bou.; 
1rnere :he ·:'t:!exican ::.:,.· ~f·:uarez now ;tanos. :'he drot ;:,empo
rary buildings were replaced a little later by the church whlch is 
still standing in Juarez. The cornerstone was la.id by Father 
Garcia in April 1662 and the building was dedicated January 
15, 1668. 

Two other missions were established prior to 1680 and a 
nucleus of Spanish settlers were living iD the district at th.is tiint>. 
In 1680 the ·Pueblo rebellion broke out in the country to the 
north and the Spallish colowats of New Mexico, driven out by 
the Indiana, ca.me to Pa.so del Norte under Otermin in September 
of 1680. 

Otermin had with him 1,946 "peraollll of all kinds", including 
some 300 friendly Indians from IBleta, Sevilleta, Alamillo, 
Socorro, and Senecu, and more Indians ca.me dw'ing the nerl 
year (1681). Theae Indians w re settled in three pueblos, Seneeu, 
Ialeta, and Socorro, Dear El Pa.so, in 1682, and the Spanish refugees 
were locatA!d at San Loremo at a.bout the ume time. 

Tbne aettlements were consolidated at Guadruupe del Paeso 
in 1684 for protection a.pl.DBt the local Indians who had re
volt.ed. Food wu very scarce, due to a drought and to Indian 
depredations, and the El Pa.so district cs.me very near to being 
abandoned at this time. 

'I'hill criaie pasaed, however, and in 1692-93 de Vargas re
conquered most of the Pueblo Tribes of New Mexico, working 
norlh from El Paso aa a base. 
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From 1700 to 1800 El Paso wu the gateway to the northern 
colonies. In 1700 the population wu 3,588, in 1779 it was 
4,934, not including lndi.&WI in either of the above figures. 

. Up to 1827 there were no houses or cultivated fields on the 
east side· of the river, but in that year Jwm Ponce de Leon 
acquired a grant of I.and of 200 to 5CXl acres and built an adobe 
hoUBe near the present location of the Mills Building in the 
El Puo of today. • 

After the Mexican War~·number of new aettlers ca.me to the 
district and in 1~9 the city of El Paso was surveyed by Gen. 
Anson Mills. At this time El Paso had a population of about 
300 inhabitants, of whom 200 were Mexicans, while acrou the 
river a town of 13,000 people was flouriahlng. 

Four railroads built into El Puc almost simultaneously, the 
Southern Pacific, the Santa Fe, and the Mexics.n Central in 
1881, and the Texu Pacific in 1882, and in 1883 El PILIIO became 
the county seat of El Paso County, Tex. 

The Spanish colonists of the El Paso district practiced irriga
tion from the time of their first occupation of the country, and 
from that date the irrigated area increaaed gradually uptil 1680, 
when the refugees from the Indian rebellion in New Mexico 
arrived. At thia time several hundred Incilims and Spaniards 
aettled at Senecu, Ysleta, Socorro, and San Loremo, and a 
large increase in the irrigated area took place. 

In 1851 there was a considerable area in cultivation on both 
aides of the river. Major Emory in his report to President 
Franklin Pierce states that the lands for 20 miles below El Paso 
(now Ciudad Juarez) were irrigated. This area was probably 
about 32,000 acres. 

In the Mesilla Valley evidences of Peublo Incilim villages are 
.till visible on the west edge of the valley, about 8 miles above 
El Paso, Tex., and on the mesa west of the 08C&J' Snow ranch. 
Pottery has been found in still other localities. 

Early Spanish settlements in the southern Rio Grande Valley 
were for the most pa.rt confined to the i.m.meiliate vicinity of 
El Paso, on account of the hostility of the Apaches and other 
Indians. 

The first application for the right to colonize the country 
"Vith .unerican .ettlers ..,..1'18 -:nade :n :s22 ·J., JI'. :n'lD ~"'!.th. 
:'or ;.i:le • 3racno· · :;-act~ Th.I~ NW. .. vract J ,~gues Jquare, 
with ita center on an isl&nd in the Rio Grande about 30 miles 
above El Paso. This application wu granted by the Emperor 
Iturbide on April 21, 1823, and John Heath with an American 
colony proceeded to his land grant by way of Mexico. Before 
the colony had time to get out of old Mexico, Iturbide was 
killed and the country wu thrown into a state of revolution. 
The new government refused to acknowledge the grant to 
Heath, and the colonists were persecuted, robbed, and finally 
driven out of the country. 

In 1805 Don Juan Antonio Garcia petitio:ned the governor of 
the province of New Mexico for a grant of land to extend from 
Bracito to the m.&n1h or lake of Trujillo. Testimony given in a 
land grant hearing in 1849 showed that he lived on this land for 
many years, cultivating it and raising atock, and wu finally 
driven off by the Indians. Title to this tract was sold to Hugh 
Stephenson of El Pa.so and wu confirmed and pa.tented by the 
United States Government. 

At the time of Mexican independence (1821) the juriadietioD 
of which Paso de1 Norte wu the center included the Meailla 
Valley probably u faz north u Dona Ana and south to San 
Lorenzo, Senecu, Yslet& a.nd Socorro del sur. The entire popu
lation was about 8,000, nearly all of which wu located in Puo 
del Norte and its immediate vicinity. 

Firat settlers near lea Cruces, numbering 116, and led by 
Don Joae Cmtales in 1839, petitioneri the governor of the St&te 
of Chihuahua for a. grant of la.nd on the east bank of the river 

Ri-0 Grande Joint lm;estigation 

known as "El Canon de Dona Ana." The grant wa.a made and 
the aettlers took poeaesaion in 1843. To each colonist was 
given a plat of land in a. square 780% varas in length, and tc 
those who were not heads of fwnilies a parallelogra.m of equal 
length and one-half the' breadth. The records show that there 
were 107 men, 59 women, 48 boys, and 47 girls in this colony. 

On August 4, 1863, Mexico made a grant to the civil colony 
of Mesilla on the west side of the river near Mesilla, then in 
Mexico and later acquired by the United States under tie
Gadsden purchaee. This eoiony consisted of about 300 families 
or a total of 1,500 people. 

The Santo Tomas de Yturl>ide C-olony was founded about 
1848, the Refugio Colony about 185:2, a.nd the Jose Manuel 
Sanchez Baca grant about 1853. 

Just prior to the Civil War the El Paso diEtrict ranked "\lith 
the Sabt& Fe district in importance, and large areas of land wen 
in cultivation in the Dona Ana Bend and the Mesilla Colony 
grants. I:n 1862 and 1865 disastrous floods in the Rio Grande 
changed the channel of the river and caused the abandonment 
of cert.a.in ditches and necessitated the consiructio:n of new ones. 
Such avulaions sometimes caused entire towns to be abandoned. 

The Mesilla ditch, which originally had itil intake on the west 
aide of the Rio Grande, wa.tered I.ands about Pica.cho, Mesilla. 
Bosque Seco, and old Santo Tomaa. After the flood of 1865 
most of the lands under this ditch were on the east side of the 
river and a new portion wu built which connected the part 
remaining with the Lu Cruces ditch at a point about halfway 
between Lu Cruces a.nd Dona Ana. Thereafter, both the Las 
Cruces and the Mesilla ditches uaed the same heading at El Tajo, 
near Hill, and the a.a.me ditch to El Partidor . 

In 1870-80 the Mesilla Valley was very prosperous, but in the 
eighties a number of causes produced & slump in values and a 
contraction of the cultivated area. The railroad ca.me in in 
1881 and brought farm products from the Middle West. All the 
Indian menace decreased, the number of soldiers was decreued 
and the market furnished by the forts and Army posts became 
smaller. 

The ever-sh.ifti:ng river bed made irriga.tion difficult and ditch 
:r:.ai:r:::1a~c~ l:':Densi~.1~. 12;"".1 "the .n.i::1::ne: ·v1te:- n:::ioi~T ;eca.rne ., 

'·1ery ~rrat1c ~~ unaepenaaole. 1n 1903 the A·c~qu,ia de 1a.s 
!moles waa destroyed, together with the village of the same 
name. 

In the Rincon Valley the Pueblo Indian occupation is evi· 
denced by abandoned villages, one of which is located on the 
eut side of the Rio Grande above Derry and another at San 
Diego Mountain. The first permanent settlements were made 
&t Sant& Teresa and Colorado. The bold raids of the nomadic 
Apaches delayed the settlement of this valley. 

In the Palomaa Valley one old pueblo was located about a 
mile below Hot Springs, another a.bout 2 miles above Las 
Palomu, and other evidences of early occupation have been 
aeen. 

The first settlement in this valley using water from the Rio 
Grande wu at Laa 'Pal.omitas &bove Lu Pal.omas on the east 
side of the river. The Las Palom.itas ditch W&B destroyed in 
1887 and the town wu later abandoned. 

The town of Lu Palomu, from which the valley derives its 
name, wu one of the early settlemenui and receives water for 
irrigation from Palomaa Creek. 

In the area now occupied by the Elephant Butt.e Reservoir, 
the Pueblo Indians had villages along the edge of the valley 
u ahown by the old pueblo at the edge of the mes.a on the west 
side of the river and on the 11outh side of Mulligan Gulch, and 
by a.nother pueblo on the west side of the valley, about 1 mile 
above the present Elephant Butte Dam, and by other evidencea 
of Pueblo I:ndia.n occupation. 
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The old Santa Fe-Chihuahua Trail traveraed a portion of the 
upper pa.rt of the reaervoir and passed down the west side of the 
1io Gr&nde to a point just below the lower end of Black Mesa. 
Jppoaite Paraje, the Rio Grande W$.8 croued and the trail bore 
southeasterly ud then 10Utherly over the Jornada del Muerto. 
Paraje, during the oocupatlon of Fort Craig, became in the 
aeventies one of the ~ toWlll! between Albuquerque and 
Memlla, a.a it wu from Paraje that the difficult journey to the 
south a.erou the Jorn_. del Muerto began. 

The first Spanish settlements were probably established about 
the year 1820, after grant no. 33 to· Pedro Armendaria wu 
ma.de, December 4, 1819, and after gnnt no. 34, also to Armen
daris, was made, May 3, 1820. Settlements were made on 
these grants shortly after these dates. 

In the early 1890's water shortages began to occur 
a.long Rio Grande in the Mesilla and El Paso Valleys, 
a.nd people near Juarez, across the river from El Paso, 
complained to the Mexican Government. The matter 
was taken up through diplomatic channels, and in a claim 
for damages of $35,000,000 filed by Mexico against the 
United States it was alleged that the shortages were due 
to increasing diversions from the river by water users in 
Colorado and New Mexico. As a result, tbe Interna
tional Boundary Commission was directed to make an 
.investigation and report covering the whole upper Rio 
Grande situation. Under appointment from the com• 
mission this was done, as already noted by Follett. 
Follett's summary of his findings are quoted as follows: 

L The fa.ct of a decrea.se in the flow of the river at El Pa.so 
118, u claimed, and dates back to 1888 or 1889. Before 

Jae yea.rs the river went dry at intervals of about 10 years. 
Since 1888 it hu been dry every year but two. 

2. The uae of water for irrigation hu Dot materially increased 
ln New Mexico since 1880, and hence i.a not the cawre of this 
decreued flow. 

1. :'':e ,.se ·i vl\I.er ::i ·ne 3an" Lui.a 7:i.iley 'Ji ,::::0ionao ~ 
1ery iargeiy .ncreasea .nnce 1880, and at the present stage of 
development it takes from the river, in excea of what waa taken 
in 1880, AIi amount of water equivalent to a flow of 1,000 second
feet, running for 100 days; at least this amount is taken and 
pombly more. 

4. It ii impossible to at.ate specifically how much water wa.e in 
the river prior to this increased use of water and since, u the 
records do not antedate this increased uae, a.nd aa the flow since 
the reoord.s began varies withln very wide limits. 

5. This flow of 1,000 second-feet, if allowed to remain in the 
river, would do much toward preventmg a dry river at El Paso. 
Henee--

6. The Mexican and American c:itize?l8 of the El Paso Valley 
have sufl'ered in common with their neighbors of the MesillA 
Valley and thoee still farther up the river by this Colorado in
creased uae of water. The suffering hu been greater in the El 
Pua Valley tba.n ellewhere. 

'1. All of the summer flow of the 8tel.ms in the Ban Luis Valley, 
except their floodwaters, are now appropriated, and therefore 
the WM! of wat.er thuein for direct irrigation is not likely to ma
terially mcreue iD the future. 

An immediate result was the promulgation of the 
_ u,..,~ba.rgo" by the Department of the Interior. The 

:-e and operation of this embargo have .been previ
-J noted in this report. 
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Mexico continued to press its claims and through the 
efforts of tbe Depa.rtment of State, the Department of 
the Interior undertook an investigation of the river and 
a study looking to some means of providing water to 
satisfy the Mexican demands. The investigation re
vealed the feasibility of comtructing Elephant Butte 
Reservoir for the storage and regulation of Rio Gll1lde 
flow passing San Marcial. It was reported that reason
able demands for water upon the part of Mexico could 
be satisfied, and that, with inflow rights properly pro
teeted1 the :reservoir could also furnish water for an area 
in New Mexico and Texas estimated at 155,000 acres. 
This was designated as the Rio Grande Project of the 
Reclamation Service, and the Leasburg unit was ap
proved for construction by the Secretary of the Interior 
December 2, 1905. By an act of February 251 1905, 
Congress authorized construction of the storage dam, 
and in March, 1907, appropriated $1,000,000 toward 
the construction as representing that part of the total 
cost involved in the provision of water for Mexico. A 
treaty between the United States and Mexico was signed 
May 21, 1906, and proclaimed by the President January 
16, 1907. Under the terms of this treaty the United 
States guaranteed to Mexico, in return for relinquish
ment of all claims for damages, the annual delivery in 
perpetuity of 60,000 &ere•feet of water in the bed of 
Rio Grande at the head of Acequia Madre, the Mexican 
canal opposite El Paso. The monthly distribution of 
this amount is specified in the treaty and there is a 
clause which provides that, "In case, however, of 
extraordinary drought or serious accident to the irriga
tion system in the United States. the 1mount ieli,ered 
',O :.Qe :\,Je:cicall ,~anaf 3D.ail Je ,1jmimsnea J1l Lile same 
proportion as the water delivered to lands under said 
irrigation system in the United States." 

Notices of intention to appropriate Rio Grande waters 
for the Elephant Butte Reservoir and the Rio Grande 
Project were filed in the office of the territorial engineer 
of New Mexico by the Reclamation Service in 1906 and 
1908. The notice of January 23, 1906, names 730,000 
acre-feet and that of April 8, 1908, "all the unappropri
ated water of the Rio Grande and its tributaries." 
Both specify a storage reservoir of 2 million acre-feet 
capacity. The Secretary of ·the Interior approved 
construction of the Elephant Butte Dam on May 23, 
UHO, and the dam, providing a reservoir of 2,639,000 
a.ere-feet capacity, together with the diversion dams 
and canal systems of the Rio Grande Project, was com
pleted in I916. About l 918 the necessity for dra.inage 
on the Project became apparent and by 1925 a complete 
system of open drains was constructed. Land owners 
on the Rio Grande Project represented by the Elephant 
Butte Irrigation Di.strict in New Mexico and the El 
Paso Couµty Water Improvement District No. 1 in 
Texas have contracted with the Government for full 
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repayment of construction costs of the Project, ex
cept for the million dollars appropriated by the Con
gress to cover the cost of supplying water to Mexico 
under the terms of the treaty of 1906. The total con
struction cost of the .Project to date is about 15 million 
dollars. 

In 1924 the Hu~speth County Conservation and 
Reclamation Distnct No. 1, comprising 20,000 a.cres 
of El PllSO Valley in Texas below the Rio Grande 
Project, was organized to consolidate into one canal 
system several ditches which had been built about 
1915, and which were diverting water from Rio Grande 
at various points between the Rio Grande Project 
boundary and Gua.yuco Arroyo which now marks the 
lower or eastern terminus of the Hudspeth district 
canal system. Under a W a.rren Act contract between 
the Hudspeth district and the United States, the dis
trict has, since 1925, been ma.king a direct diversion 
of drainage and waste waters of the Rio Grande 
Project. 

Acreage irrigated.-It is stated in the Follett report 
that the combined capacity of all canals in El Paso 
Valley in the late sixties, as determined from evidences 
found in 1896, was 300 second-feet on the Mexican side 
of Rio Grande and 250 second-feet on the .American 
side, a.nd that 40,000 acres had been irrigated. If the 
areas irrigated were in proportion to the capacity of the 
ditches on the two sides, the area irrigated in Mexico 
was about 22,000 acres and that on the American side 
18,000 acres. For the Mesilla and Rincon Valleys, 
Follett in 1896 reported 29 ditches with a total capacity 
of 974 second-feet. ~a.ting 36,950 acres. 

:n ~ . J~S :epon .)y .::eroert -:Y. ·_- ~o, -:aen 3~a ~e Zngi- · 
neer oi New Mexico, a deduction of the irrigated acre
ages in the New Mexico a.nd Texas areas of the Upper 
Rio Grande Basin is made for 1907 and 1928. The fol
lowing para.graphs quote this report with respect to the 
derivation of the data for the Elephant Butte-Fort 
Quitman section: 

For the area south of San Marcial, irrigated from the Rio 
Gr&nde, me.pa and Dotes filed by the United Sta.tee Bureau of 
Bedn,m11.tion, a.t El Paso, have been consulted. Thia area In
cludes the 1and within the prment Elephant Butte Reeervoir, 
the Pa.lamas Valley, Rincon Valley, Meaill& Valley, and El Puo 
Valley. 

For the area irrigated within Elephant Butte Reservoir the 
topographic maps of the reaervoir were co:waulted. The aurveys 
for the reservoir were made in UI03-4 and 1007-8. 

Data ooneemlng the area irrip.ted In the P&lo.Dl.88 Valley were 
obtained from old l'l!lllident.a of the valley (ud are subject to 
their error) ud from topographic maps made in 1003. 

Imormation u to Jmpt.ed Janda in the Bmec:m Valley is 
found on topographic maps made in 1912 by the Umted States 
Reclamation Service. At the time these maps were made the 
Reclamation Service had not coDStrueted any inip.t.ion works 
in Rwcon Valley a.nd the area inipted was irul»ta.Dtially the 
same u in U107. 

Rio Gra't'l,tU Joint l'™'Utigation 

A survey of tile irrigable lands in Mesilla Valley was ma.de in 
1903-4 by the United States ReclamatioD Service, and the µis· 

show the &rea. irrigated at that time. The acreage shown 
irrigated on thae mape was practically the same in 1007. 1~ 

addition to the above the United State.a Reclamation Service 
made a detailed aurvey in 1007 of the lands irrigated WJder the 
Dona Ana, Las Cruoee, and Mesilla ditche11. 

The area ilrigated in the El Paso Valley in 1008, u determined 
by Bomer J, Gault, is shown on a map of the irrigable laI!Jl§ of 
the Rio Grande project in Texas which wa.e made by the tlnited 
States Reclamation Service. · 

Information concerning the inigated acreage on tbe tributary 
st'.l'eAmll IOUth and west of San Ma.rcial was gatheTed in 1928. 
Facts relative to the area cultivated in 1007 were given by resi• 
dents on the various streams aDd from records on file in the 
Sierra CoUDty courthouse in Hillsboro. Thie information was 
later checked hl the field and is believed to be fe.irly correct. 
The aru irrigated on the various tributaries is limited by the 
water aupply and the cultivated acreage has not varied ap
preciably for many years. 

Based upon these data, the Yeo report gives the 
following figures for the irrigated acreage in the Ele
phant Butt&-Fort Quitman section in 1907: 

Acreage lmgaltd 
Valley subdivision: in 1907 

El Paso Valley (American side) __ . ________ •.• _.. 8, 537 

Mesilla ValleY--------------·------------·-·--- 26,229 
Rincon Valley ••• ---·--·---··----------·------- 4,370 
Palo!WMI Valley ••• ---------------------·------- 150 
Elepba.nt Butte Reaervoir area .• _._.____________ 2, 080 
Tributaries below San Marcial ____ ····-··-------- 4,475 

Total ....• __ •••. - _. _ •••. __ •• _ ••••••• _ •••.. _. 45, f 

For his 1928 summary Yeo used the 1927 do.ta for the 
Rio Grande Project and other valley areas below Ele
phant Butte Dam, as the 1928 data were not yet avail-
1.ble. Substitution of the 1atter !lS obtained from the 
1io Grande .?rojeci .:ristory · :or : )28 'a.n1i J.Se 1i ::-~o s 
figures for tributaries below San Marcial give the fol
lowing figures for the irrigated acreage in the Elephant 
Butte-Fort Quitman section in 1928: 

Acreage lrTigaltd 
V &lley subdivision: 1,i ms 

Fort Hancock area (Hudspeth district and below)__ 13,600 
El Paso Valley-in Mexico (estimated) ____ • • • • • • 35, 000 
E] Paso Valley-Rio Gr&I1de Project_·------···- 55,460 
Me11illa Valley-Rio Grande Project.------···--- 76,057 
Rincon Valley-Rio Grande Project.------------ 11,807 
P&lomu Valley ••. - ••••••••••••••.•••• ----- --- 300 
Tributaries below &n Marcial.................. 4,530 

Total·----·····--·----·---·-·-·--------··-- 196,844 
To be comparable with the 1907 total, that for 1928 

should exclude the estimate of Mexican acreage. 
In 1914 the Bureau of Reclamation ma.de a complete 

survey of the cropped and irrigated acreages in what 
is now the area included in the Rio Grande Project. 
The data reported by this survey, those of Follett and 
Yoo as previously outlined, a.nd those available froJ!I__ 
Rio Grande Project records beginning with 1920 r 
brought together in table 61. 
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of smaller ditches. The Terrace Irrigation District, 
comprising about 14t000 acres, owns the Terrace Res
'TVOll' on Alamosa Creek, capacity 17,700 a.ere-feet, 
.nd operates the TeITace a.nd Alamosa Canal systems. 

Some 6,455 acres were irrigated within the exterior 
bow1d11ries of this district in 1936. Water from La 
Jara Creek is distributed in small canals diverting from 
both sides. La Jara ReservoIT, capacity 14,000 acre
feet, on La Jara. Creek, is owned and operated by a 
group of water users. 

There is a small amount of irrigation in the mountain 
valleys of Conejos River. It totaled 1,151 acres in 
1936. Below, on the valley floor, irrigation from the 

· C-onejos a.nd San Antonio Rivers extends east to the 
San Luis Hills and north to join the area irrigated from 
La Jara Creek and Rio Grande. There are no irriga
tion districts or large canal associations in this e.rea. 
The ditches, nearly all small, a.re numerous and are the 
result of efforts by individuals or small community 
groups. There are no reservoirs on the Conejos, Los 
Pinos or San Antonio Rivers. Cove Lake Reservoir, 
capacity 9,700 a.ere-feet, is in the southeast corner of the 
BOuthw-est area in Poncha Valley. Water is diverted t.o 
the reservoir by a canal from San Antonio Ri ,er. This 
was originally a. project of the Taos Valley Irrigation 
Co., now out of existence. Some 680 acres were irri
gated from the reservoir in 1936. 

According to the 1936 survey, the acreage irrigated 
.ider .Alamosa and La Jara Creeks and the minor 

streams to the north was 49,018, of which a. part re
ceived some water also from Monte Yista Canal. Un
der Conejos, Los Pi.nos and San Antonio Rivers in 
Colorado. 82.389 acres were irrigated. and ~he San 
.! .. n."wnio rna :..0s _?inos ..rngateci 5~ l J.C:res :n S ~w · 
Mexiro. As shown by the 1936 data, there were 36 
ditches diverting from Alamosa Creek, 28 from La Jara 
Creek, and 121 from Conejos River and its tributaries. 

In the southeast area, the irrigation development is 
that dependent on the Trincbera. stream system in the 
north and Culebra Creek and Costilla River in the 
south. Practice.lly the entire area is included in the 
original Sangre de Cristo Grant, later divided into the 
Trinchcrs. and Costilla estates. Below several hay 
ranches, Trinchera. Creek and its tributaries a.re entirely 
controlled by Mountain Home and Smith Reservoirs 
of 20,100 and 6,200 a.ere-feet capacity respectively, 
owned and operated by Trin<'hera. Irrigation District. 
The latter, comprising about 35,000 acres, succeeded the 
Trinchera Estates Developm_ent Co. in 1910. The· 
acreages irrigated in 1936 were 11,447 within the district 
boundaries, 2,669 from the stream system above the 
district, and 4,539 south and west of the district. In 
addition to the condition of a euxplu.s of arable land -==· which there is no ws.ter supply, high trru:Jsporta.tion 

J other losses in the use of the a.vailable supplies 
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combine to leave practically no residual flow to Rio 
Grande from Trinchera drainage. 

The waters of Culebra Creek and Costilla River are 
diverted by individual and community ditches .n.long 
the upper valleys of these streams and through the 
irrigation system of the CostiHa Estates Development 
Co. to the bench lands lying between the two streams at 
an elevation of from 100 to 200 feet above Rio Grande. 
Sanchez ReRervoir of the Costilla Estates Development 
Co. is on Ventero Creek, tributary to Culebra. A cannl 
conducts water from Culebra, Vallejos, and San Fran
cisco Creeks via Torddo Creek to the reservoir. Al
though the capo.city is 104,000 acre-feet, the water 
stored has seldom, if ever, approached this amount. 
Enstdale Nos. l and 2 Reservoirs, with capacities of 
3,500 and 3,000 acre-feet respectively, and also owned 
by Costilla. Estates Co., are constructed off the stream 
channels and receiYe water through canals divMting 
from Culebra Creek and Costilla River. Their purpose 
is to provide reguJatory storage for the lands on the 
western side of the Costilla Estates project. The proj
ect extends into New :!\fexieo, and the Costilla Reser
voir, capacity 20,iOO a.ere-feet, on Costilla River in 
New Mexico, is a pnrt of it. However, most of the 
lands irrigated from Costilla River are in Colorado. 
The present system of the Costilla Estates Co. makes 
possible the use of water from both Culebra Creek and 
Costilla River on the area between the two streams. 
The acreage thus irrigated in 1936 was 32,455 in Colo
rado and 188 in New Mexico. Outside of the Costilla. 
Estates project, 2,696 acres were irrigated·from Costilla 
in New Mexico. The New Mexico acreage is not in
~luded ~s ,. 'Jt:1.r+. ')! ';be .:;outheast 1ren of :he 3nn .:::...uis 
3ecnon. .1s m ,he case 0i .:he Trine.here. area, the irri
gable land under Culebm Creek and Costilla River is 
greatly in excess of the ssailable water supply, so that 
little of it reaches Rio Grande. 

Present development in the closed basin with respect 
to areas irrigated by diversions from Rio Grande, 
chiefly through the Rio Grande, Farmers Union, Prairie, 
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San Luis Valley I and Costilla canals, has been previously 
described. Other irrigated areas in the closed basin 
are those served by La Garita and Carnero Creeks on 
the west, Saguache Creek in the northwest, Kerber and 
San Luis Creeks on the north and numerous small 
creeks from Cotton to Zapato on the east. The area 
under La Garita and Carnero Creeks lies on the extreme 
western border of the valley. It is serYed by small 
community or private ditches. Practically the entire 
Bow of the streams is applied to the land1 but as the 
soils a.re open and porous, much of the water applied 
probab]y moves underground to lower lands under the 
Rio Grande canal to the east, or enters the s.rtesian 
aquifer underlying the valley. In the lower areas 
waters from La Garita and Carnero Creeks w-e com• 
mingled with those brought from Rio Grande, so that it 
is difficult to segregate the acreage irrigated from any 
one source. Approximately 2,057 acres were irrigate(! 
from La Gerlt& and 1,052 from Carnero Creek in 1936. 

In the Saguachec Creek area there were 12,086 acres 
irrigated in 1936 in the mountain valleys of Saguache 
Creek above Gunbarrel Road, and 29,576 acres in the 
vicinity of and below the town of Saguache. A temunal 
wa.steway of the Rio Grande canal empties into Sa~ 
guache Creek channel so that the acreage irrigated below 
this point may be served from two sources. By far the 
greater portion of t,he irrigated acreage in the Saguache 
area. is wild hay land. 

The acreage irrigated from Kerber and San Luis 
Creeks and the small creeks drmning the short western. 
slope of the Sangre de Cristo Range in the closed basin 
is practically all pasture or wild hay land. In 1936 the 
total acreage irrigated in this area was 46,453 of which 
42,8p9 ~cres "Vere ?11.Sture '.l.nd ;vud '.:rn.y, ·::'~e ~ow ?ro
;>ortion of cuitivateri crops is an mdication oi the char
acter of the water supply, as natural grass for hay or 
pasturage is grown more or less generally throughout 
the valley where the water supply is deficient, erratic, 
or unreliable, while cultivated crops are grown where 
the supply is, in the main, sufficient and certain. Very 
few of the ea.st side streams are perennial down to or 
even near to the agricultural areas, and irrigation is 
largely confined to B.oodmg hay land and to raising the 
ground-water level. The streams as for south as Dead
man Creek would naturally be tributa.ry to Sa.n Luis 
Creek, but only during periods of exceptionally high 
run-oft do their surface waters reach so far, u they are 
spread over wild hay or largely absorbed by the loose 
gravelly soil which skirts the base of the moun tain.s in 
which the creeks rise. From Deadrnan Creek to the 
southern. bound&ry of the closed basin, the streams are 
prncticeJ.ly all ephemera.I in their 1ower reaches near the 
Sump area. These st.reamB debouch from rocky can
yons upon steep cones of gravel and oo&rSe soil resulting 
in a la.rge and ra.pid percolation of their flow to ground 
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water. Any surface flow that remains is diverted to 
wild hay or meadow lands east of the Sump. 

The Middle Section 

The irrigated and other water-consuming areas in 
the Middle section as determined by the 1936 survey 
are shown by table 64. 

TABLE 64.-Irrigated and other water-con.u.1ming area&, middle 
aection, 1936 

Subdl'l'l!lom Total 

Tr!buwy va.lle]IL....................... 88.113 62, JC! H8, 955 
EIIP&DOla. V!llley,......................... 15,8111 11.1187 12,878 
Cooll!tl to SliZI Marcin.I................... i!O, ll7S 144, llll8 21M, 076 1----1----l·---

Tol.al........................... .... l~ 782 214.127 *.1l01! 

I Inclu~ 1111 IIC3U ID RIDOIUW!a. lolld Chm~& Valleys OU Rio Orande above 
Bmbudo. 

In the following paragraphs, the tributary areas are 
considered in downstream order from the Colorado-New 
Mexico State line. 

On Costilla River the lands irrigated in New Mexico 
fall in three groups-those in the upper valley, those 
adjacent to the town of Costilla, and those under the 
Costilla Estates Development Co. The 1936 irrigated 
acreages in these groups were, respectively, 1,063, 1,633, 
and 188. As noted under development in the southeast 
area of San Luis section, Costilla Estates Development 
Co. owm Costilla Reservoir on Costilln River in New 
Mexico, but most of the ]ands irrigated under this 
development are in Colorado. The irrigation system 
of the company was constructed to serve about 15,000 
acres in New Mexico. 

£J.St Ji 3.io C:r:i:nde. :eac.::ung _::om :be c;ioracio Jne 
to Rio Colorado, there is an extensive smooth plain 
called Cerro Mesa. In the south~entral portion of this 
mesa the Cerro community ditch diverts the waters of 
Latir Creek and sma.ller creeks to the south for irrigation 
near the settlement of Cerro. Some 2,402 acres were 
thus irrigated in 1936. At the southern end of Cerro 
Mesa the waters of Cabresto Creek and Rio Colorado 
are used near the settlements of Red River and Questa. 
Two community ditches a.re maintained on Cabresto 
Creek in conjunction with a small reservoir, Cabresto 
Lake. The acreage irrigated in 1936 from Rio Colorado 
near Questa and in the canyon above amounted to 
2,846. 

On San Cristobal Creek there is a small irrigated 
valley and on Rio Hondo, in the vicinity of Arroyo 
Hondo, a substantial acreage is imgated from both Rio 
Hondo and .Arroyo &co. In 1936 the latter tota..led 
3,676 acres, and that on San Cristobal Creek was 576 
acres. There is a ditch which diverts Arroyo Seco 
water to Taos Mesa and the acreage thus irrigated is 
included in that given below for Taos Meea. 
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Taos Mesa extends for about 20 miles from Rio 
Hondo Canyon on the north to the Pfouris Mountains 

u the south and lies between the Rio Grande Canyon 
11 the west and the foot of the Sa.ngre de Cristo Range 

on the east. Lands on this mesa a.re irrigated from 
Arroyo Seco, Rio Lucero, Rio Pueblo de Taos, Rio 
·Fernando de Taos, and Rio Ranchos de Taos. The 
:icre.nge shown to be thus irrigated in 1936 was 11,191. 
The arable lands of th.is mesa appear to far exceed the 
aYnilnble water supply so that practically all of the 
latter is utilized. There is, however, no storage to 
perm.it utilization of flood flows in excess of diversion 
capacities. The Taos Indian Pueblo is located just 
north of the town of Taos. Its agricultural lands are 
under ditch systems which divert from Rio Lucero and 
Rio Pueblo. 

On the .Aguaje de la Peta.ea, a. sma.ll stream joining 
Rio Grande from the west a few miles below the Rio 
Taos junction, there is an irrigation development origi
nally orgllllized by the Settlers Ditch &: Reservoir Co. 
to irrigate about 5,000 acres. It is now organized as 
the Carson Irrigation District, comprising 9,400 acres. 
.An earth and rock fill dam on .Aguaje de la. Petaca was 
completed in July l 936, forming a reservoir of 7,400 
acre-feet capo.city. This development is planned to 
serve about 4,800 ncres of the total district area. No 
lo.nd wns irrigated in 1936. 

South of the Picuris Mountains is the drainage of 
nbudo Creek, joining Rio Grnnde from the east a. 

dlort distnnce above Embudo. Along this stream and 
its tributnries, Rio Pueblo, Los Trampa.s, and Ojo 
S0.rco1 there nre many narrow irrigated valleys shown 
by the 1936 sun·ey to hove included irrigated areas 
:otaii.ng L~t}! . 1c:-es. :'lie · ?:cuL.S :..:iuian .?uebio .s 
located on Rio Pueblo. 

In the mountain ntlleys of Rio Trucha.s, an eastern 
tributary of Rio Grande at the upper end of Espanola 
Valley, there were 1,449 acres irrigated in 1936. 

Irrigation development on Rio Chama, a western 
tributary which drains an area of 3,200 square miles 
and joins Rio Grande just above the town of Espanola, 
comprises valley lands on the main stream, chiefly from 
the town of Chama to the vicinity of Park View and 
between Abiquiu and Rio Grande, and lands in the 
mountain valleys of numerous tributaries. Irrigation 
in the Rio Chama drainage is a.coomplis.bed almost en
tirely by small individual or community ditches. The 
irrigated a.cres.ges as determined by the 1936 survey 
are given in table 65. 

Joining Rio Grande just be]ow the town of Espa.nola 
are Rio Santa Cruz from the east and Santa Cle.ra 
Creek from the west. The Santo. Cruz Irrigation Dis
trict is situated in the Rio Santa Cruz Valley. In 1929 

·- · 10mpleted a dam on Rio Santa. Cruz about 1 mile 
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TuLE 65.-lrrigated areas in Rio Chama drainage, 1956 

Subdivision: 
Chama and tributaries above El Vado Reservoir __ _ 
Ma.in stream and tributaries, except El Rito, El 

Vado to Abiquiu _________________ •••• __ • ____ . 
El Rito _______ ----·---- ___ .• ___ . ____ • ________ • 

Mai1:1 stream and tributaries, except Ojo Caliente, 
Abiquiu to mouth •• _______ • ______________ ----

Ojo Caliente and its tributaries, Tusas and Valle--citos ••••• _________________________________ _ 

Arrtau, 
lrrigat,4 

7,921 

5, 72.5 
3,857 

2,395 

8, 7]5 

Total.. ........ ---------------···----·-···- 28,613 

above Chima.yo formi..ng Santa Cruz Reservoir of 4,600 
a.ere-feet ca.pa.city. This development supplements irri
gation by direct diversion along Rio Santa Cruz which 
has been carried on from a very early date. The acreage 
irrigated in 1936 on Rio Santa. Cruz above the Santo. 
Clara. Pueblo Grant was 3,628. The water of Santa 
Clara Creek is used by the Santa Clara Indian Pueblo, 
which also diverts from Rio Grande and gets some water 
from Rio Santa Cruz as well. 

Pojoa.que Creek enters Rio Grande from the east at 
the San Ildefonso Indian Pueblo at the lower end of 
Espanola. Valley and just above the Otowi Bridge 
gaging station on Rio Grande. It has two principal 
tributaries, Nambe and Tesuque Creeks. The Na.mbe 
and Tesuque Indian Pueblos are located on Nambe and 
Tesuque Creeks, respectively, and dfrert these streams 
for irrigation. San Ildefonso Pueblo irrigates from 
Pojoaque Creek. The 1936 acreage irrigated on Po
joaque Creek and its tributaries was 3,174. This does 
not include an area along Rio Grande but irrigated from 
Pojoaque Creek. 

Santa Fe Creek :oins ~io Grande :ienr :he '.ndinn.. 
· _5ueoio Si Cocniu .1t che upper enu oi 3anto Domingo 
Valley. The city of Santa. Fe is situated on th.is creek 
a.bout 25 miles above its mouth just at the foot of the 
Sangre de Cristo Range at an elevation of 7,000 feet. 
The water of Santa Fe Creek is practically a.11 used for 
municipal purposes in Santa Fe a.nd some irrigation 
ne.a.r the city. The New Mexico Power Co. owns three 
small reservoirs on the creek above Santa Fe which are 
operated for the municipal supply. Irrigation from 
Santa Fe Creek and tributaries in 1936 covered 1,496 
&eres. 

There a.re a few small irrigated acreages a.long Ga.listeo 
Creek which is practically the last stream, except for 
arroyos of errs.tic flow 1 to enter Rio Grande from the 
east above Fort Quitman. In fa.ct1 the flow of Galisteo 
Creek it.self is by no means perennial and the water 
reaching Rio Grande at its junction nea.r the Indian 
pueblo of Santo Domingo is largely that brought down 
as the result of sudrlcn storms in the summer. Thr 
total area irrigated n.long Go.li.stoo Creek in ]036 
amounted only to 39 acres. 
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Fie.nit 25.-Lootinr up Rlo Puerca near Janctloa Tith Rio Grande, N. Mex, 

Jemez Creek joins Rio Grande from the west just 
below the .Angosture. diversion of the Middle Rio 
Grande C-Onsen-e.ncy District, or a.bout 7 miles above 
Bernalillo. It drains the south slope of the high 
Jemez Mountains and has a drainage area of 1,000 
sque.re miles. However, most of the fl.ow is either 
used in irrigation in upper valleys along the stream or 
sinks into the ground in a. barren sandy stretch of more 
the.n. 10 miles. Little water, therefore, other than that 
from spring run-off and summer storms, reaehes Rio 
Grande. There a.re three Indian pueblos a.long Jemez 
Creek. In downstream order they are Jemez, Zia, and 
Santa Ana. The first tv,o use Jemez Creek waters for 
irrigation but the irrigated le.nds of the Santa Ana 
Indians a.re 10 mila: below the pueblo in the Rio Grande 
Valley and a.re served from the me.in river. There a.re 
y;her ::-iga«eC: :a.ncs · ico,e 7e.!nez _:ueblo ma ;eio"?i' 
1t in the ,icinny oi San Ysidro. Tbe 1936 survey 
showed 2,496 acres irrigated in the valleys of the Jemez 
Creek drainage. 

There are no tributaries upon which there is irriga
tion between Jemez Creek a.nd Rio Pueroo. The latter, 
which joins Rio Gre.nde from the west a short distance 
above San Acacia, or about 65 miles below Albuquerque, 
has a drainage area of 5,000 square miles. This area 
is, however, relatively low and there is little perennial 
flow from mountain snow fields to its upper valleys 
and practically no flow to Rio Grande other than that 
resulting from intermittent and torrential storms. 
There are two principal irrigation areas in the Pueroo 
Basin, the Cuba and Bluewa.ter. The upper Rio 
Pueroo and its tributaries, La Jara. Creek, Se.le.do 
Creek, San Jose Arroyo, Rito de los Pinos, Rito de los 
Utes1 Rit.o Lecho, and Nacimiento Creek, comprise the 
so-called Cube. Valley. In 1936 there were 4,600 acres 
irrigated in the T&nous sub~valleys of the s.ree.. Since 
the streams a.re not perennial, water for irrigation may 
be available for only a few weeks in spring or following 
intermittent summer storms. There is, however, a. 
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fah-ly good a.nnue.1 precipitation, so that some crops 
can be grown with the irrigation supply indicated. 

On Bluewa.ter Creek, a southwestern tributary 
Rio Puerco, present irrigation development is under 
the Bluewater-Toltec Irrigation District. The District 
owns and operates the Bluewater Reservoir, capacity 
57,500 acre-feet, on Bluewa.ter Creek, and in 1936 the 
acreage irrigated on the project was 3,227. 

Below the junction of Bluewa.ter Creek with Rio San 
Jose, which is tributary to Rio Puerco, there a.re two 
Indian pueblos, La.gun.a. and Acoma, which in 1936 
diverted water from Rio San Jose for the irrigation of 
5,072 acres. On tributary streams below Grants 2,073 
acres were irrigated. 

Including all other small irrigated areas with those of 
the Cuba a.nd Bluewater districts, the total acreage 
irrigated in the Rio Puerco Ba.sin in 1936 was 14,972. 

Inige.tion development in the me.in valleys along Rio 
Grande from Embudo to San Marcial is, for purposes of 
this description, divided to that of Espanola Valley, 
that under the Middle Rio Grande Conservancy Dis
trict from Cochiti to the southern third of Socorro 
Valley, and that from the lower end of the Middle Rio 
Grande Conservancy District to San Marcial. 

In the Espanola. Valley from Embudo to White Rock 
Canyon there a.re about eight ditches which divert 
water for irrigation from Rio Grande. Although ther 
nre old and probably follow much the same course a1 
irrigate the same lands as in the early days of the 
Spanish occupation, their headings in the river a.re still 
more or less temporary rock and brush wing de.ms which 
must be renlaced with the passage of each flood or 
:::!oecu.,7ence JI .ugh -varnr. Jl ..1 _·ew instances, Je'lerai 
small ditches have been combined into community 
ditches such as the Alcalde. The management of the 
ditches continues much as in early times; each land
owner under a ditch contributes labor for its mainte
nance a.nd a majordomo distributes the water. In
cluded in the irrigation development of Espanola Valley 
is that of three Indian pueblos, San Juan, Santa. Cle.ra, 
a.n.d Sa.n Ildefonso. As previously noted, Santa Clara 
pueblo obtains wa.te:r from Rio Santa Cruz a.nd Santa 
Cla:ra Creek and San Ildefonso pueblo from Pojoaque 
Creek, thus supplementing their Rio Grande supplies. 
The total e.cree.ge irrigated in Espanola Valley in 1936 
was 5,700. Some of this was irrigated from tributary 
sources, rather than from the me.in river. There are 
two small areas in the Rio Grande Ca.nyon above 
Embudo where a small amount of water is diverted for 
irrigation. These a.re Rinconada. and Cieneguilla 
Valleys, in which 191 acres were irrigated in 1936. 

In the area of the Middle Rio Grande Conservancy 
District there were, a.t the time of the formation oft} 
district, nearly 70 old ditches diverting water from R 
Grande by means of temporary hes.din~. This net-
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work of ditches was largely rebuilt by the district and 
:.,oorpore.ted into a. system which accomplishes the 

er diversion at six headmgs and embraces approxi-
~ately 1,000 miles of canals. The district is divided 

into four irrigation divisions which are, in downstream 
order, Cochiti1 Albuquerque, Belen, and Socorro. The 
diversion dams, headings, and main canals, as sho'\N-n on 
the maps, plates 13 to 16, inclusive, a.re Cochiti Dam 
diverting to Cochiti and Sill main canals on the east 
and west sides of the river, respectively; Angostura 
Dam, diverting to .Albuquerque main canal, east side; 
Atrisco heading opposite Albuquerque, diverting to 
.Arena1 me.in canal, west side; Is1eta. Dam diverting to 
Peralta and Belen High Line main canals, east and west 
sides, respectively; San Juan heading diverting to San 
Juan main canal, east side; and San Acacia Dam divert
ing to Socorro ma.in cana.l, west side. 

Most of the lands in the Middle Valley a.re privately 
owned. Title came originally through land grants 
made by the kings of Spain. However, in accordance 
with the Spanish custom of inheritance under which 
ownerships are subdivided and resubdivided with 
succeding generations, the original grants have been 
reduced to an extremely large number of very small, 
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irregularly shaped tracts. This is strikingly shown on 
the maps which display the vegetative cover classifica
tions in the Middle Valley. The management of the 
Middle Rio Grande Conservancy District is charged 
with furnishing service to approximately 30,000 prop-
~ties. · 

The drainage system constructed by the district in
cludes 334 miles of drains, of which 181 miles are river
side drains and 153 miles interior drains. El Ve.do 
Reservoir1 198,000 acre-feet capacity, on Rio Chama 
60 miles above it.a confluence with Rio Grande, is owned 
by the Middle Rio Grande Conservancy District and 
operated as a supplemental source of supply for the 
lands of the district. 

As stated in the Burkholder report, the gross area of 
the valley :floor from Cochiti to San Marcial is 210,000 
acres. Of this, the net irrigable area included in the 
Middle Rio Grande Conservancy District, as set forth 
in the approved plan for the district (table 5, p. 43 of 
the Burkholder report) is 123,267 acres, including 22,734 
acres of Indian land. There are six Indian Pueblos 
with grants totaling 28,500 acres within the district. 
These are Cochiti, Santo Domingo, San Felipe, Santa 
Ann, Sandia, and Isleta. The irrigated and other 
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water-consuming acrenges within the district as shown 
by the 1936 survey are given by divisions in table 66. 

C-0<:hitL •••••••••••••••••••••••••••••••••• 
Albuquerque ••••••••••••••••••• ____ ••.••• 
Be!eD.---·-···· ... -·. -·· ·-·-------- ..•••• 
Sooono ••••••••••••••••••••••• ,·•······-·-

Total _________ •. -····· •••••••••••• --

Acr1!!111l Other water• 

lrrlpled OOll!UftllnlJ Total 
ICl'eaC9 

15,!llS 14. 231 Jg.439 
22. 8111 ~308 .l8, 127 
23, sg5 S3, 149 77,°'4 
7,Zl7 211,8:!J 33,072 

1----1----1---
Ml, 1511 128, 1523 187,582 

In the ori,,,~e.1 plan of the Middle Rio Grande Con
sernncy District, the southern third of Socorro Valley, 
which is included in the Bosque del Apo.che and Pedro 
Armendnris No. 33 grants, was to be 11. part of the 
district and to be drained by the district. In the final 
plan ns carried out, however, this area, which extends 
for about 16 miles from the present southern boundary 
of the district to San Marcial, was not included. As set 
forth in the original plan, the area within the limits of 
this proposed improvement amounted to 14,479 acres, 
exclusive of river bed, roads, ditches, and rights..of-wa.y, 
and was classified as 1,112 acres irrigated and 13,367 
acres non.irrigated. Of the latter, 11,968 acres were 
listed as salt grass and bosque. This area in the lower 
Socorro Valley in naturally divided by the river me
anders into four units, two on each side of the river. 
Those on the north comprise land in the Bosque del 
Apache grant known o.s the Elmendorf tract. Those 
on the south comprise the San Marcial unit on the west 
,irie J:i :lie ;iver u,,i \be .,.Tq] v,,rde-T_.,a \1esrr, ·mi+ "'Tl 

..ne ~ast ~icie. :'he i.rngatea ~anci oi ..he <':I.Dove men
tioned classification in the District's original plan was 
in the V el Verde-La Mesa. unit and was served by what 
was stated to have been the only irrigation ditch of the 
whole lower Socorro Valley. 

The lower area not included in the Middle Rio Grande 
Conse1Tnncy District has never been drained a.nd the 
we.ter table over much of it :is close to the surface. 
There is, therefore, a large consumption of water by 
native vegetation. The 1936 survey showed an area. 
of 16,475 acres upon which water is thus consumed due 
to natural conditions and 919 acres which were irri
gated. 

Surveys of the unit in the Bosque del Apache grant 
were made during the summer of 1936 by the United 
States Biological Survey to determine the feasibility 
of developing a. migratory water-fowl preserve on the 
lands. The report of this survey proposes that the 
Biological Survey acquire the entire Bosque del Apache 
grant of 53,000 acres and convert it into a Federal 
refuge, developing a.bout 14,000 acres lying in the river 
valley for the waterfowl preserve. Portions of the 
higher bottom lands would be dra.ined to furnish w~ter 

Rio Gra'fl,{U Joirn lnoostigation 

for about 2,400 acres of controlled ponds while nP" · 
cultural crops including food-producing grasses w, 
be grown on about 6,000 acres of the drained Ian ....... 
The latter would be irrigated by indirect diversion from 
Rio Grande through the canal system of the middle 
Rio Grande Conservancy District under a water filing 
acquired with the Grant purchase. 

Table 67 lists the Indian Pueblos in the Middle Sec
tion and gives their source of water supply. 

TADLE 61.-Indian pueblo, in the middle section 

Pu9blo 

Acoma .. ---·--·· R!o San Jose.·····-··_ ID Rio Pue:co Basin. 
Coclliti ••••• ·-··· Rio Granda ••••••••••• In Middle Rio OrnDde Conservancy 

lsleta.-······---- Rio Orude ••••••••••• In tf:~ci. Rio Gl'llllde Comervaney 

ie.a:iex... •••••••. 1amn Cl'llllr.. •• . • • •• • Dllmlct. 
I.&gw:ia_.. •••••• Rio Ban Jase.......... In Rio Puer.:o Bos!n. 
Namlle ..••••••• NIUllbe Cnu ••••....• 
P'lcm:ill •• -•••••• _ Rio Pueblo •••• - ••••••• In Embudo Creali: Bu!n. 
8andla. _________ Rlo Onmde •••....•••• In Middle Rio Grande Co-naney 

District. 
San Felipe...... Rio Grande.--········ In Middle Rlo Orat1de Co:aser"<"ancy 

District. 
San Ildel'omo •... Po,loaq1111 Craet _______ Water from Rfo Onwde al.so. 
6ell Juan •••• ____ Rio Ol111Dde. ---······· Water lrom Rlo Clw:ua also. 
Sut& Clan _____ Rio Grande •••••••.••• Water from Santa Clare Creek also. 
Santo Domlnzo_ Rio Ol111Dde •• _____ .••• 1n Middle Rio Grande Co:asen-ucy 

District. 
Banta Ana ••• - •• Rio Grande ••••• ______ Pueblo ls OD Jemez Creali:, but urtpted 

WIiis &I'll along tile Rio Orand11 in Mid· 
Taos •• ·-········ Rio Lucero and Rio die Rio Grande CoW111rVancy Di.'!trlct. 

l"lleblo de Taos. 
TIISt!Qtlll... ••••• T11u.qae C'nelt. ••••• __ 
Zia............... Jamez Creelc ••••...••• 

The Elephant Butte-Fort Quitman Section 

The 1936 survey showed the irrigated and other 
water-oonsuming areas in the Elephant Butte-Fort 
Quitma.n 'Section to 1:)e ':l.S indicated m table f38. 

T.tl!LE 68.-lrri.eaud and other water-consuming areas, Elephant 
Bmte-Fort Quitman 1ection, 1936 

Subdivision .Acreap 
trrlpted 

Olher wa ~r
co=ln g 

11C11111ge 
Total 

$:~~:::::::::::::::::::::::: 1~ 5 1l ~ ~ ii! 
M~"t.=·;:::::::::::::::::::::::::: ~~ ;U~ 1:m 

To*8.L_ ••••••• --·---······ •••••••••• t--170,-669-t·--82,-640-i---2153-,-l!lll 

There is little inigation on tributary streaJllB in this 
section since, as previously noted, most of the tribu
taries are arroyos in which water flows only at times of 
sudden a.nd irregular storms. In the region from San 
Ma.rcial to the upper end of Rincon Valley there are a 
few tributaries on the west which have &me.ll valley 
areas along upper reaches at some distance :from Ele
phant Butte Reservoir and Rio Grande below. J ... 
these upper reaches there is some flow from spri 
and occasional storm run-off and this is practically 
used for irrigation in the small valleys. Areas thus 
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irrigated on these tributaries, as shown by the 1936 
ITey,.are given in table 69. The tributaries are listed 
. downstree.m order from San Marcial. 
Below Elephant Buttie Dam, but above and ·not in

cluded in the Rio Grande Project of the Bureau of Recla· 
mation, is the PalOlilas Valley, with a. gross valley floor 
area of about 10,000 &Cl"eS. Only a small part of this 
area is irripted. As shown by the 1936 survey, it 
amounted to 830 acres. 

Tnu 69.-1~ on Rio Grande mindariu, San Marcial to 
Rimon ValZey, 1938 

TrfbuW')' Ac:re111 
lmpted lwlmb 

Rio Clllllda A.lmua ........ am ~1 Ill tllil vtc1ntt:, or Uie towu or 
ontlatllo. 

Ctzcl,lllo Nepo 0reeJt ........ 211 Lmle!J' u:ader Cllllhlllo commUDltJ' ditch 
- 11enlement or CucllWo. 

I.aa Pa1om» Cl'l!lk..-........ a l.aqialy 11lldllr Laa Palamu commw:iltr 
ditch above IIIIUJeme.ut or La Paloma,. 

Lu Anlmu Rlver.--····· :r.17 
Paella Crwll: .................. 34 Between ~o:a 1111d Bll.lsbonl and be· 

low tbe latter. 

Total_ .............. 1,ll08 

The Rio Grande Project includes the agricultural 
hmds in Rincon and Mesilla. Valleys and 40 miles of El 
Paso Valley below El Paso on the Texas side of the river. 

83 

The planned irrigated acreage of the project, as indi
cated in reports of the Bureau of Rec]amation, is 
155,000 acres. Of this, 88,000 acres are in New Mexico 
a.nd 67,000 acres in Texa.si these are the a.cnages in
cluded :respectively in the Elephant Butte Irrigation 
District and the El Paso County Water Improvement 
District, the two organizations which represent the 
water users under the Rio Grande Project. Segregated 
in accordance with the valleys, Rincon includes 16,000 
acres, Mesilla. 82,000 acres, and El Paso 57,000 acres 
of ·the total. .As the figures indicate, 10,000 acres of 
the Mesilla. Valley area. are in Texas. All old com
munity ditches were taken over by the Project, recon
structed, enlarged, or extended, a.nd ·incorporated as 
parts of the present system of more than 630 miles of 
main canals and laterals through which the waters 
released from Elephant Butte Reservoir a.re distributed. 
There are cliversion dams and permanent diversion 
works a.t six points along the river. These are Perchn 
Dam at the head of Rincon Volley, diverting to the 
Arrey ca.nal i Leasburg Dam at the head of Mesilla 
Valley, diverting to the Leasburg canal; Mesilla Dam 
southwest of Las Cruces, diverting to the east side and 
west side ca.nals; the ~ternational Diversion Dam 
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F1Gou 28.-Smal.l ta.rm areas, oortb11.-est or Lu Cruce11, N. Mex. Rio OraDde 
Project. 

opposite El Paso, diverting to the Mexican Acequia 
Madre on the west side and to the Franklin canal on the 
east side; Riverside Heading about 15 miles below El 
Paso, diverting to the Riverside canal and Franklin 
feeder; and Tornillo Hes.ding near the town of Fa.hens, 
dinrting to the Tornillo canal. The drainage system 
of the Project is completed except for revisions and 
reconstruction occasioned by the river rectification 
program of the International Boundary Commission, 
and it comprises more than 450 miles of deep open 
drains. 

The International Diversion Dam is owned by Mexico 
and was built to divert water into the Mexican canal. 
It is at this dam that delivery must be made to Mexico 
of 60,000 acre-feet annually under the terms of the 
treaty of 1906. The Bureau of Reclamation is re
sponsible for this delivery, which must be accomplished 
largely through releases from Elephant Butte Reservoir, 
nore :h~ ~..25 ::..:.:25 .:.:.~;~ .::~:~ ~~e: J.:...~[!~ .JI..· J~~ 

.Rio Grande is thus used to carry water both for ·uelivery 
to Mexico and for cano.ls serving the Rio Grande Project. 
Below the Mexican Dam tbe river channel carries water 
to the Rio Grande Project canals heading below El Paso. 
In spite ofits dual obligation to deliver water to Mexico 
and to the Rio Grande Project canals, the United States 
neither owns nor controls this carrying channel from 
Eleph.s.nt Butte to the Mexican Dam. Since quantities 
of water considerably in excess of 60,000 acre-feet must 
pa.ss the Mexican Dam to supply Project canals below 
El Paso, and since the United States has no control over 
Mexican diversion to the Acequia Madre at the west 
end of the dam, which lies in Mexican territory, it has 
never been possible to deliver exactly 60,000 a.cre-f eet to 
Mexico or to determine accurately the extent of the 
Mexican diversion. As a result of. this situation, it is 
indicated that the diversions by Mexico have exceeded 
the treaty specificatiou by substantial amounts. More
over, there a.re other Mexican ditches heading on the 
river below Juarez and having no rights under the 
treaty, into which water is diverted il and when possible. · 
An estimate of Mexican diversions in the period 1930-

Rio Grande Joim lnrJestigation 

36, derived by elimination in a study taking .into 
account all available data. of stream flow, diversior 
return flow, e.nd arroyo inflow, is given in the secti, 
of this report on water uses and requirements. 

Since tbe construction of Elephant Butte Dam, the 
river channel from it to E! Paso has progressively de
creased in capacity due to the e.lim.ination of large floods 
and their scouring action, a.nd to the growth of vegeta
tion in former flood channels. As a result, relatively 
small floods, originating below Elephant Butte Dam 
chiefly in the western arroyos above Caba.llo Narrows, 
coming into the restricted river channel, constitute a 
distinct menace to the valley lands and to the irrigation · 
structures of tbe Rio Grande Project. The river 
channel is, and always has been, unstable and shifting. 
Below El Paso the International Boundary Commission 
has been engaged for some time upon a program of river 
rectification and eontrol in accordance with a convention 
between the United States and Mexico concluded 
February l, 1933; much of the construction work be
tween El Paso a.nd Fort Quitman is complete. 

To bring about the control and stabilization of the 
river channel from Caba.llo Narrows to El Paso, to 
obtain flood control storage sufficient to operate and 
maintain this channel when constructed as well as the 
present rectified channel below El Paso, and to accom
plish control of the delivery of water to Mexico and r' 
diversioD by Mexico under the treaty, three projec 
were proposed by the America.n section of the Interna
tional Boundary Commission, namely, Cabello Reser
voir, river canalization from Caba.llo Dam to EI Paso1 

a.nd the American diversion dam and canal. 
·Y nen "Slenna.nt ~utte ...1a.m • ""'·as :onsCructec . .;s.tes 

and six penstAJck openings were built into it- in anticipa
tion of power development. The character of the re
leases from the reservoir for irrigation preclude develop
ment of firm power, but a reservoir below the dam of 
sufficient capacity to accomplish re-regulation would 
make it possible. It was therefore proposed by the 

J'louu 20.-Mwmn (International) Dam on Rio Grande, DelU' El l'MD. 
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General Report 

Bureau of Reclamation that Ca.ballo Reservoir be given 
, capacity which would provide both for flood control 

1d for re-regulation such that firm power could be de
, eloped at Elephant Butte Dam. A.n allocation of 
funds for Caballo Dam was made by the Federal 
Emergency Administration of Public Works, and in 
May 1936 work was begun under the direction of the 
Bureau of Reclamation. .As planned, this dam will 
provide a reservoir of 3501000 acre-feet ca.pa.city, of 
which 100,000 acre-feet wHl be reserved for flood control. 
The dam is a.bout 25 miles below Elephant Butte Dam 
e.nd 2 miles above Percha Divemion Dam. The lands 
to be flooded are in the Pa.lomss Valley. 

The Caballo-El Pa.so canalization project will provide 
a rectified normal flow channel with levees set back to 
provide capacity for the mu:imum anticipated flood. 

Under the American Dam project a. diversion dam is 
being built on Rio Gra.nde just above the Mexican 
boundary and entirely within the territorial limits of the 
United States. From this dam, on the Texas side, a 
2-mile canal will be built to connect with the present 
Franklin canal. In this way diversion of water to Rio 
Grande Project lands of El Pa.so Valley a.nd delivery to 
Mexico under the treaty will be controlled. 

The acreages with.m the boundaries of the Rio Grande 
Project as shown by the 1936 survey a.re given in 
table 70. 

fABLE 70.-Acreage irrigated on tM Rio Grande project, 1996 

.,ubdivision: Acrea,. lmgcttd 

Rincon ValleY---------------------------·---- 15,206 
Mesilla Va.lley: In New Mexico ____________________ 72,258 

In Texas •••• - •• ----------·------·- 10,66.5 
~ _:r-al~_ ... _____ .. ____ .,..,,.,..., __ - .. - u -------- ·--- ... ,.:, ,.:,::3 

j;j ?aso i" alley._. ___ .. _ . _____ .• _ • __ • ____ . • . • • . ,j6, 423 

TotaL •••• __ ------ ____ ._ ______ -----. ----. _. - 154, 552 

Reference to table 92 in the following section of this 
report1 which gives the irrigated acreage of Rio Grande 
Project, 1930 to 1936, inclusive, as reported by the 
Bureau of Rec1a.ma.tion, shows a. figure for 1936 a.bout 
12 per cent lower than the figure for that year as 

BIi 30.-Fran.klln Cua.l II& Nttli.Da: bilal.D IUld llluhmra:r, D11111' El PIISO. Rio 
Orande Project. 
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F1Gl.l'H 31. -Badspetb Canal bad!Dt azid Tomillo wastewa:v at end of Tornillo Canal. 
Rlo Onmde Project. 

obtained by the Bureau of .Agricultural Engineering 
and shown in table 701 alt.hough the difference between 
figures for the tota.l acreage of the Project as found by 
the 1936 surveys of the two bureaus is only about 
1 percent. The difference in the irrigated acreage 
figures is largely due to handicaps under which the 
Bureau of· Agricultural Engineering worked in tbe 
early pa.rt of the 1936 season, and to greater precision 
in the Bureau of Reclamation surveys not feasible or 
necessary in the case of the Bureau of Agricultural 
Engineering survey. It was required that the latter 
be planned to cover the entire Upper Rio Grande 
Basin with a degree of accuracy as needed for the 
purpose of the Rio Grande joint investigation, and the 
latter was not such as to require the precision of 
instrumental surveys. A detailed comparison of the 
Project acreages as obtained by the two surveys is 
given in Pa.rt III of this report. 

¥ -:'~e H1,;.cis~eth ~ 0un;,7 ..:.-,mser,ation rnci 3aciwna-
tion district, below and southeast of the Rio Grande 
Project, is served by e.n irrigation and drainage system 
as shown on the map, plate 22. The Hudspeth 
me.in canal heads at the lower end of the Tornillo canal 
of the Rio Grande Project a.bout 12 miles southeast of 
Fabens and diverts the residual flow of the latter canal. 
At Ala.mo Heading on Rio Grande, about 8 miles 
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below the end of the Tornillo canal, river flow, con
sisting chiefly of drainage and return water, is diverted 
by gravity to the Hudspeth feeder canal which joins 
the Hudspeth canal a. short distance northwest of Fort 
Ha.ncook. The diversion by the Hudspeth district of 
the drainage and waste flow from the Rio Grande 
Project is made under a Warren Act contract. This 
contract extends only to the return water as it occurs 
in the normal operation of the Rio Grande Project and 
puts no obligation upon the latter for delivery of any 
specific amounts of water. The acreage irrigated from 
Rio Grande :in 1936 :in Hudspeth County was 13,579, 
and this was only a.bout 300 acres more than the irri
gated acreage :in the Hudspeth district. 

Rio Grande Joim lnr,estigation 

On the Texas side of the river between Guayuco 
Arroyo, which is the tennin.us of the Hudspeth distric; 
canal system, and the canyon below Fort Quitman 
there is some irrigation by individual landowners, who 
divert from the river by short gravity ditches or by 
pumping plants. The total acreage shown to be thus 
irrigated in 1936 wns 526 acres. This :included a.bout 
200 acres in the Hudspeth district below Gua.yuco 
Arroyo. 

No data a.re available on the El Paso Valley ncreage 
irrignted from Rio Grande on the Mexican or Juarez 
Valley side. Estimates in various reports and in the 
annual histories of the Rio Grande Project have varied 
from 25,000 to 40,000 acres. 

, 
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PART I 
SE CTI ON 4.-WATER USES AND REQUIREMENTS 

For Irrigation 
In the Upper Rio Grande .Basin the use of water for 

irrigation constitutes practically its entire use. Al
though there is, of course, use by cities a.nd villages 
throughout the basin, the a.Jnowit so corummed repre
sents a ,ery small part of the tote.I use in the basin. 
Use of water for power development is confined to a few 
small units and is not consumptive. It is the use of 
water for irrigation and the disposition of it for th.at 
purpose which give rise to the problems of the basin 
with which this investigation is chiefly concerned. 

lrrisated and Other Waier-Connmfn,; Areu. 1936 

It has been mentioned in the preceding section of 
this report that the Bureau of Agricultural Engineering 
cl!J'ried through as one of its assignments on the Rio 
Grande joint in.estigation, a complete survey and map
ping of the 1936 vegeta.ti'rn cover of the basin. This 
was done in order to determine by vegetative dassil:i
cation the acreage irrigated in the ha.sin as well as the 

acre~e of all other areas consuming water in appreciable 
quantities and located within constructed irrigation 
systems or minor additions and extensions already 
planned. In the detailed report of the survey given in 
Part III of this report the data obtained are assembled 
in three tables, .A, B, and C. Table .A presents the 
.figures for the part of the Rio Grande Ba.sin in Colo
rado, table B for the part in New Mexico from the Colo
rado line to San Marcial, and table C for the part in 
New Mexico and Texas from San Marcial to Fort Quit
man. Table 71 of this section is a summary of the 
data for the entire Upper Rio Grande Basin. It shows 
that 2,092,817 acres were mapped. Of this total 
988,826 acres were given water artificially, including 
923,594 irrigatedt 46,319 temporarily out of cropping, 
and 18,913 in cities, towns, and nl.le.ges. An &rea of 
1,017,466 acres used water but was not irrigated, in
cluding 948,171 of natfre vegetation, and 69,295 of 
water and river bed surfaces. Finally, 86,525 acres 
were in bare lands, roads, rights-of.way, etc. 

TABLE 71.-lrri(lated and other watllT-CO'lmiming area, in Upper Rio Grande Bann, 1936 

I. 

Al(l'ieultm'al a.od other la.ods artlftclall:, given ..... 
~~~1----,-..---,-,---~l-~-G~-J-~-j.·I----,--------.-,---. 

-A"'l"i~t&d :eF-po- ':!!Ue!i. ;ntea ,r'ltt;- ~ "V uer JDC -,otJU non· i -~a!~q:. 
'1 .936 11 .ut ~owru:i. ,J,ll<l ''JUL" illld •e11etu· ~~IVf;'t o,.eQ 

1rr1gated rigl!ts-or-ofcropp1.111 

Ma)oruolt 

I 

ToUIJ, Upper Rio Orande .Bas!n ..•••..••...••..•.•.•••• 

o (total) •••••••.•• ---··---··--·- ..•...•• _ ...•. -- ••••.•• Coknd 

C !OIied basin area ..................... -- ••.••• _ ..••.••••••. 
L lve 11na .•..••....•••••••••.••••.. ··-------- .... ------- ••• 

Boutbwmt -----------·---- -- ··------ ·---·. ····--··-
8oDtbUII --.••••••••••••..•••..•••.•••.. -- •..••••• 

Mu.loo (total) •••••••••••••••••••••••••••.•••.••••••••••• New 

Co lotado Stat41llne IQ Buckma!I ••.•••••.•..•••••.•••••.•• 

A_.,011mainlll:8l!l o!Rlo Ol'alldll .................... 
West aide tnbat.arles (to &Dd mdudl.na Rio Olla.ma) ••• 
Ea.st side tnbu~- ••••••••••.•••••••••••••••••••••• 

11ckman to IIOl!lb bowldary Middle Rio G11111de CoDMn· 
IIDC:, DI.mid. ••••••••••••••••••••••••••••••••••••••••••• 

B 

ADAII 011 mam 11tett1 or rlvw (Middle Rio Oru:id11 
~rvlloDcy Dlstl'li:t) •••••••••••••••••••••••••••••. -

West. Side trl~ (Ill ti.low Rio Clu.ma) ••••..•••• 
U9 del Apache £r'ADL-. •••••••••••••••... ----·- .•.••• 

o.~ del A~..:::t t.:, 8&n Mvelal .•................ 
ue!Al 1-0 :S: i Butte Da.m ••••••..•••....••...• 

le1,ba.ot Butle Dtm t.:,, TauStatellne ......••...••. : .•• 

Paloma, Vllley •••••••••••••••••••••.••.••••••.• __ •••• 
:Elephant Butte lrrlpSkNl District ..•....••..•••..•••• 
Wm Slrle trlbll~---···--··-········-····-····-··· 

(iGtal) •• ··--·················· •••••••••••••••••••• -• ----

I Pit.'l-0 Count:, W.iet llllpronment Dlstrlet No. 1. ••••• 
udsp!lb County.···-·············-···-········-···· •••• 

2, 09'J, 817 

1,ffl!,W 

733.425 
713,221' 

C,531 --537, 8114 

12'1, 72ll 

12,m 
411,0ll 
&,MO 

221, 7116 

187, 118:1 
34,104 
12, llll3 
4,811 

llll.147 
1+(.1138 

10,88:l 
12c,4M 

11.1181 

108,271 

118,!7(1 
21,~ 

vllJae;es 

1123, 61M ffl,31g 111, Qla 

600, 2.a lll.0711 6,029 

'.m.922 8,175 l,OJH 
322,321 10, JOI C, 98.5 

270, 3M 7,228 4,103 
51, 1171 2,87G IJll2 

ffi,IJM 21.1!81 12,007 

76.173 4,134 3,110 

1§,8111 174 233 
20,lM 1.201 15,84 
40,US Z 1153 2,313 

?a,!!00 8,123 'i.Hl 

Ml, l.59 2,11111() 6,lM 
17, 1531 S.3'3 1171 

-··-···· 11111 -····-·· 330 
__ ......................... 
_,.. ..... ___ ... _ .. _ .. 

....... llO'.Z -·····s. &I 1, liMI 

8:11] &OJ IWf 
87,484 7,1162 1.~ 

1,l!QIJ 1!111 UIS 

80. e8'1 ua 787 

67,0IIII II.IH2 781 
l&,ffl 1,817 ............. -- ......... 

14Wll,S 
t1on surfaces wa:,, etc. 

llll&8211 IH8, 11! el!,2115 1. 017, 466 1141,625 

GU,~l 737, 1119 13,762 7ll0, l!Gl 70, ffO 

287, 1131 41M,OH ~.010 408. 024 37,670 
337,(20 333, l& D, 152 M2,1137 32,870 

281, Gill lffl, 191 8,649 112,740 18,110 
6.11, 739 JM.m 3,203 180, 1~7 H, 7flO 

278,462 1113, 116 &a, GQl :H&, 707 H,725 

82,817 a1.m 10.0M 42. 578 2,334 

6, 498 a,Ml 2,33.G S, 987 893 
30,925 II, lltS 8,973 17,018 ffi 
46,31!4 UI, 3211 2,047 13,lm 1, (73 

Q2,1U M,W7 ",15ill 122,1l311 7,&1:1 

GS,304 90,401 21, ffli U2,2Gfl 7,lm 
23,l!M 6,100 3,1137 9,743 1111 

10, JIH 1,1171) 12, lilt ttll 
1,2* 2,817 G07 3, 11.24 as 

•••• 100. :M2 
22,071 11,384 23,W 1192 
30, Ul5 10,842 to.m 11,819 

1. 6.35 7,"311 l, llilO a. 8211 123 
116,230 18,004 6, 241 M,$511 a. (00 

2,377 4,0K 11,401 7,ffl 87 

87,113 17,IH 1,1142 18, '198 1,300 

71. 717 11,057 l,lll51 U,1118 J,Hl 
16,M 11,8011 111 6, IIIO ll19 

87 
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Di..-ersions by Major Caul Systems, 1936 

Gross diversions from Rio Grande in 1936 by major 
canal systems in the upper basin were measured by the 
Geological Survey in the San Luis a.nd Middle sections 
a.nd by the Bureau of Reclamation in the Elephant 
Butte-Fort Quitman section, as part of the Rio Grande 
joint investigation. In its report the Bureau of Agri
cultural Engineering has summarized these diversion 
data. and combined them with the coITeSponding 1936 
acreages served by the canals, to derive the figures 
for gross diversions per unit of area. The summariza
tion is shown in table 72. 

The -rery wide difference in the figures for diversions 
per a.ere irrigated a.s between cane.ls of the San Luis, 
Middle, and Elephant Butte-Fort Quitman sections is, 
of course, ma.inly due to the wide v&ria.tion in the 
amounts of water wasted from the canals below the 
points of measurement. Data on these wastes in 1936 
are incomplete and a full comparison of net diversions 
is not possible. The gross diversion data are of 
interest, but they afford little indication of the actual 
conswnption of water and the requirements for it. 

Couumpthe Use or Water 

One of the more important elements to be determined 
in any study of the use of water for irrigation is the 
"consumpti're use" or the volume of water that is 
actually consumed within a given a.rea e.nd lost to the 
basin. Under the Rio Grande joint investigation the 
study and determination of the consumptive use of 

Rio Graruk Joint Investigation 

water iD the upper basin 8.Jld the consumptive require
ments of its major units were assigned to the Bureau 
Agricultural Engineering. The :investigation of 
bureau included a. complete review of previous studies 
by various investigators, a.nd field work in 1936 of two 
types: (1) ~onsumptive use-of-water studies on large 
representative areas, and (2) eve.po-transpiration meas
urements by means of tank a.nd soil-moisture experi
ments. The results a.re reported in detail in Pe.rt III 
and salient f ea tu.res of the report are briefly reviewed ~ 
the following paragraphs. · 
. Definitiom.-The following definitions of consump

tive use were used by the Bureau of Agricultural Engi. 
neering in its study: 

Consumptive use (Eva.po-transpiration): The sum of 
the volumes of water used by the vegetative growth of 
a given area in transpiration or building of plant tissue 
&nd that evaporated from adjacent soil, snow, or inter
cepted precipitation on the area in any specified time. 

Valley consumptive use: The sum of the volumes of 
wat_er absorbe? by and transpired from crops and 
native vegetation and lands upon which they grow, 
and evaporated from bare land and water surf aces in 
the valley; all amounts measured in acre-feet per 
12-month year on the respective areas within the 
exterior boundaries of the valley. 

The valley consumptive use (K) is equal to t 1 

amount of water tha.t :flows into the valley durin, 
12-month yea.r {I) plus the yearly precipitation on t.i..
valley floor or project area (P) plus the water in ground 
storage at the beginning of the year (G,) minus the 

TABLE 72.-Groaa iivermna ?'I/ "Tlajar :a~a.l 1'!J8U:ffl.ll jn tc.pp~ Rio Grande Bazin, !958 

MMllln'ed ID 1936, i!IJCl"M 193ll cli.nal diversions, acre•feet 

Ana 
Major unit mapped !11 Tmponu-· ll,130,acres lrr!pted l.iJ ont of ToWil!I, etc. Tot.al Total Per acre Per a.ere Per aa"e ol 

cn,pplna I.IT!pr.ed glve11 water mapped 
area 

(1) (Z) (3) (4) (II) cei m (8) (11) (10) 

COLOIUDO 
SUI Luis Valley: 1 

~~l:1!!!!\U!i/1/1\iIIlllf i 
142, llle lll,8" I.Ml u 116, 51& 182.l!OO 1.63 l. lil!I 1.28 
114,280 -.:m 2, 77& aw tll,all 4.15,710 .llll .112 ,48 
211.471 12,043 m w 13,H-l 10,llOO .Ill .83 • 'ST 
40,624 8,!W l, 16'1 H Q,tm 21, 'IVO 2. 84 2.111 .M 
113,~12 24,382 1171 19 24, ffi 17,620 l.M l. 61 l. 12 
M.IID 20, 71H 9211 u :n. ?111 57,370 2.16 2.114 .811 

RIIW 111!11:XICO 

Middle Rio GBDde COlllle!"Taney DlstrlcL •••••••••••••.••••• l87,M2 S,Ulll :l.lllllO 6,lM es,304 1119,11189 JIU~ 9.08 3.J,O 

§5~~:l:::~:\~::::::::::::::::::::::::\~i~~ li.4311 6,llll8 199 '601 6,778 111,008 H.tl 12.1111 3.Ba 
88,127 2:Z8U 1113 4,2'41 27,ffl a,arr.i 10.211 8.40 '-04 
77,ot• 1.1,896 1.1116 DO 211,l,IIO 3",11113 10.13 8.~ a.1• 
33,072 7,231' '133 llll3 ... Ill.Off 9.40 7.1541 2.llll 

111111' lfllXICO AND TIELU 

Rio 01'111:!dt pro,led: •••••••••••••••••...•....••.•.•••••••••••••• :m, 110 uw:.MJ U,:310f 2, 1111 1417, IH7 1188,213 11.21'1 I. 77 Uol 

~! i:-;:_::~~:~:::.:::::::::::::::::::::::::::::::: 
:'.17,1114 l~ DI 2, l:IU 110 17,«~ 78,410 6.18 "49 2.81 

110. 418 82,lm us 1,D 90,016 417,008 1.03 '-413 11.18 
12,8311 M,423 a,r,oe, ffij 00. '8'1 472. l'OO 8.88 7.82 UII 

Hudspeth Coa:ntyC01:111trnt.Jou ud Ilecla-•ic:Jrl Dll:lrict No. L 21,till6 1.3,ffll 1,817 -................. ----- 16, 8116 'Tl, 164, 6. C8 ~. 01 3.57 
' 
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amount of water in ground storage at the end of the 
.. ear (G.) minus the yea.rly outflow (R): all amounts 

!a.sured in a.ere-feet. The consumptive use of wa.ter 
..,er a.ere of irrigated land is equal to (K) divided by 
irrigated area (A1); and consumptive llSe per acre of the 
entire valley :fioor is equal to (K) divided by the entire 
valley area. The unit is expressed in acre-feet per 
acre. 

Stream-flow depletion: The a.mount o! water which 
a.nnually flows into a valley, or upon a particular land 
a.rea (I), minus the amount which flows out of the 
valley or off f ram the p11,rticular land area (R) is 
designated "stream-flow depletion" (I-R). It is 
usually less than the consumptive use and is distin
guished from consumptive use in the Rio Grande 
studies. 

Pasf invutigations.-Tbe results of previoUB studies 
by various investigators are summarized in table 73. 

89 

It will be noted that there is marked variability in the 
stream-flow depletion estimates for the same or approxi
mately the same areas. This is not unusual. Precise 
estimates have been a.nd are difficult, because there are 
many variable factors influencing consumptive use and 
stream-flow depletion. Some variability in the esti
mates may be attributed to dissimilar conditions under 
whlch the determinations were made and to le.ck of 
specific definitions. 

BurUl.u of Agricultural E:nginuring investigations.
The results of the consumptive use and stream-flow 
depletion determinations of the Bureau of Agricultural 
Engineering by inflow-outflow and other methods ap
plied to representative areas or tracts in the upper 
basin a.re summarized in table 74. The location and 
nature of the many evapo-tre.nspira tion stations which 
were established and maintained a.re shoW"D. in table 7 5. 
There is no attempt here to summarize the results 

TABLE 73.-Comumpliw me of water in Upper Rio Grande Bruin a.s dmued from prtrn'ous studies of various investigators 

1m 
111311 
111311 
11!30 
193.1 
''33 

'3 
I 

Jl 
,11:11 
11136 

18'l8 
11128 
11128 
1928 

Area Included Remarks 

2. 18 A Vl!l'!IP, 1921-2'9. 
2.58 Do. 
1.93 Do. 
2. oa Do. 
1. 2 
1.0 
I. 42 A Tilflli:B, 1930, 1931, 1111d 1932. 
2. 01 A verap, 19115-211. 
2. e7 A vence, 1921-28. 
2. JO Average, rnis-2'7. 
.2. .52 A verap, 1900-23. 

3. 5 Avenge, 11123-z;. 
3. 15 A Tllr&ge, 1920-27. 7-8 I .,.:re!'111!e, i923-;?-.o ,.,.e~e. 110-.,. 

Total stream-flow depletion 
lo 1,000 acre,leet Wllt.s 

19111 Baroid Conkling a.od !l. B. Deblu ............. Middle Valley ..................................... . 
1~ C.R. Hedke ..... -................................... do .............................................. . 
1m Dehler-Elder ........................................ do .............................................. . 
11127 ••••• do ............................................... do ............................................. .. 
1m R. G. H---·-·--············· -----··········· ..... do ............................................. .. 
11132 E. B. Deblm' ......................................... do ............................................. .. 

: t i:°=anJ-1:·w:waiker:::::::::::::::: ~t~d!~~:~~:::::::::::::::::::::::::: 
1928 R. G. Hosea .•••.•• ______ •••••......••...•..•....•••• do •.••••••••••••••.•...•••••.•.•••••.•••.••.••••• 

A 1·erate, 189.5-1918 
1925. 
Average, 18915-1921!. 
By oomJ)al'lson to Mesilla Valier. 
Comparison toMuilla Valley. 

Do. 
By lntqratlon-pna,nt. 
11m. 
111231111d pre""lou, l'900rdl, 
A Terap, 11123-27. 

Boul.h.-m-&n LuJaVlllle7----··············· <1®,000 211,soo lim-M, mcluldve....... a.oa toe 1.112 u-rear•verqes. 
Do ............ ---····················-······· 400,000 n&,000 111138 •••••••••••••••• --- l.llS J.83 l. \ll 

CSl!n.1 Boatb~ l.,aia Vlllla"J •• • .... • ... • • lH, 000 01, 000 11138.. •••••••• -• •• ••• • • . IL M :: : t ~ 
~llu. LalsVIIDIJ'--------········ 31,000 l4.000 lll36..Dmblr·····- 2.711i 2.21!! a.n I.a&w-outl!ow method. 

~~--.. ~~~.'::::::::::::::::::::::: iI;:: ···---~~- t~=----------~~:: ·----~~- 2. 73 .•.••••••••••• lntecratlon method. 
l.flllllllla V~---································ 1118, 000 116, 1114 l\ll!HMI................ t..11:1 2. 'l'3 :S. 30 l7•1t11r 11~. 

llld~·viliej,:·· ::· ...... --···:-··· .................. 110, UII ••••• ID, G1l3 •• lla4.- ······----------· ~ n ..... 2. 16 ••••••••• 2. 117 E&Umaw uslq Htdke beat units 
IDlltbod. 
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TABLE 75.-Ellllpertrampiration and soil-moisture ,amplina statiom utabZiahed and maintained by Bureau of Agricultural EngimtTing in 
Upper Rio Grande Bann in J9S6 

Wriaht .••••••• ---·---························· Cl~ bu!D, Sall Luis Valley ••• - ••...•••••••••••• 
Wm·-··············-···········-··-·-·-----·· SouthwlllS,a.rca, San Lula Valley ••••••••••• ______ _ 

Parma. •••••••••••••••••••••••••••••••••..••.•. Cl m.llell eut o! Monte Vista, San Luis Vallty. ____ _ 

Ban Luis IAk•-----·-·······-················· Sll!llp or closed basin, Sau LlliE \'alley •.••..•.•... 
J. L. Phillipa r.rm ..••••••••••••••••.••...•.••• 5 Pliles 901ltb o! Albuquerque, Middle Valley. ___ _ 
A.lboquerqus, Be.km, ud &mTo dhlalons •.•• Mldd1e Viuley _____________ ••••••• -·--·····------· 

Lc6 l'oblano6 nu:icb .......................... -- 5 miles north or Albl!q_ue:rque, Middle V&lley ____ _ 
bleta •.••••••.•••••••.....•••• -•.......•••...•• Adjacent torher at Weta, Middle VaUey ________ _ 

El \'ado Dam •••••••••.•.•........ --------···· El Vado Dam ou Chama R!Ym, Middle Seel.loo ••. 

Socorro.-·-··········-···--·······--------····· Middle Rfo Oraude OO!lMn'lll.l:it7 dlmict yard at 
Socorro. Middle Valley. 

Descrlptlon or hlstallatlon 

2 what taDkl 11Dd 2 potato wwi. 
I whst tanll:; l potato f.11.Uk: U. S. Weather Bunau class A m1porat100 

'1)&12: min pp; anemometer. 
I tu!& tank; 2 meadow sras,s tanll:a; U. 8. WeaLl!er Blll'IIIIIU elm A M&l)O!'a-

t1an_I111D; rain 11:111; aD61DOIIll!ter, 
U.S. W-'bt:r BWllau clam A evaporation l)aD; rain pre; an11111ometer. 
Soll·moimlre irampl!Dg plots In o;chard, al!alf& field, and v Juayard. 
Soil-moisture samplinc in nat!ve·,·egetation areas oea.r ieolQlical surny 

obler'l'IUOD we&. 
2 alfall'II iants; rain pga. 
1 cattail tanlc; I Nda• tank; 1 llllt gru! tank; l wlllnw tan!;;; U. 8. W eatber 

Burtau class A evaporation Jlln: rain iza;e: anemometer. 
U. 8. Weather BUNaU class A evaporatloll pa.n; rain r111re: anemometer; 

tbermomews. Cooperat!on U. 8- Weather BUNau and Middle Rio 
Grande oon•vaney district. · 

U. 8. Weatbc Bunau cla!3 A euporatloo pan; min g111re. 

Statt Collece.----····-·---···················· Near Lu Cru-, N. Meii:.-------··-·········----- Soll-moisture sampling plots; cotton at agronomy !arm, field EC and 
field ~W; alfll.11& at borticu.ltmal !arm. 

Do_. ____________ ······----------·-··--···- _, ••• do •••••••••••••••••••• ---········· ............ 2 cottm! tanks; 2 al!al!a tanks. 
Mesilla Dam.---····---···········-----------· 5 mlles1100tb1nst·ol Sta ta College, N. Me2.-....... 2 c11ttail l.all.u: l salt EJUI tank; U. S. Weather Bureau class A eval)Ofa!.lon 

ll8D; nJn a:ag~. 

TABLE 76.-Uniu iusumed in utimating comumptitoe water requirement&, in acre-feet per acre, San Luis l'alley, Colo. 

Native 'l'egetatioo I M isoellaneous 

Location 1-A-lfal-la-,-,--N-llt-iv-e-,---M-lscel----1-----,----,-B-os-Q-ue-.1-C-it-les-. --,-T-r!_':1_1r_y __ ..,.--"-.a-ter-~--

clover bay, laoeous Orus Bru.sb trees towns, out of sur!&ce5 Barelaod 

C1-d b&sfn area: 

~d~
0~~~i;::::::::::::::::::::::::::::::::::::::::::::::: 

AlalDOIIII County ••••••••• - •••••••••••••• ------------ __ ••••••••••• 
Sool.lnnnt 81'1l1l: 

Sooth Fork, Schraders, PIDOII Crteu, and - aboTe ••••• -----·· 
Monte Vlst.a caoal. Empire canal, NJd imwJ Clllllal!-------·----·-· 
A.lamoa Cnell:, La Jara Creek, md Temim .l.mcatlon District ••. 
Om:lelm Rivlll' md tributazles, San Antonio River, lllld L<le PII!os 

River -···--···· -----·--···--····-······--·-·-·-···--·-··· Rio Grande canal, 81.11 Luis canal, aod small lll.IWI (aontb cloeed 
llnll). ----------··-------·--··················--·--·-· Soothtlut -: 

Trmchen. C!"l8li:: 1.nd trlbo:tarlee.-•••• -•• ------·····-············· 
Blanca, me, and ~ de Cristo Creeks.····---·-----------··-
Culebra Creek and C.lll.a. Creek •••••••••.•••.• -------·-····--·. 

:, 

2. 6 
2.& 
2.5 

2. 0 
2.5 
2.3 

2.0 

2.5 

2. 2 
2. 2 
2. 2 

]lUtwe CTOJlS ,·illages cropping 

J. 3 l. 5 J.O 
:z.o 1.5 l.5 
2.0 l. 5 I. 5 

1. 5 J. 5 .8 
2.0 l-& 1.5 
l. 8 1. 5 1.5 

1.5 1.5 1.0 

2.0 l.5 1.5 

I.5 1.5 1.0 
l-5 u 1.0 
I.5 1.5 1.0 

l.3 
2.0 
1.8 

.s 
l. 5 
l. 5 

l. 0 

2. 0 

1.0 
l. 0 
1.0 

3.8 
3.8 
3.8 

3. 5 
3.8 
3. 8 

3.8 

3.8 

3.8 
3.8 
3.8 

l. 5 l.5 
l.5 l.5 
1.5 l. 5 

1.5 l.5 
1.6 1.5 
1.5 l. 5 

1.5 1.5 

J. 5 

1.5 1.5 
l.5 1.5 
1.5 !. 5 

3.5 0.7 
3. 5 • 7 
3. 5 • 7 

3.3 - 7 
3. 5 
3. 5 

3_5 

3.5 • 7 

3.! • 7 
s. 5 • 7 
3.5 • 7 

l' ABLE ;,.-.Estimate of con.,umptive w<Uer requirem1mu in the San Luis -Valky, Colo. (including precipirntion}, based on 1936 acreages 

Irrigated laDds Nath·e ,eci,tatlon Miscellaneous 1 Total area mapped 

~Uon 
Acn,s Acre-feet .Acre-feet Acru Acre-feet Acre-feet A.ems Acre-fe&t Acre-feet Acres Acre·!llet Am-feet 

per BCnl per IICll! per IICfl! per aeN! 

---------------------
Cloaed ba.sin area: 

~d~ogn~i;.~:::::::::::::::::::::::: 171,182 272,4.211!1 1. ,59 223,1178 271,932 1-22 35,978 34, '8l 0.95 430,838 S78, M5 1.M 
156, 7112 lDl,212 l. 78 i,22'1 8, 111!8 2.06 4,008 6,048 1.51 65,027 115, 1128 l.78 

Alamoaa COUDty ••..•••••••• ·---··········-- 4', IHS 101,ffl 2. °' m,109 300,214 1.70 11, liCB 14,852 I. 29 2,17, 500 417,058 l-78 
---------------

Ent.Ire lll'INI. -··---------. ···-· •••• -····-- -· 277, 1122 475,630 J. 71 ~OH 580,814 l.44 51,ffi :5>5, 1117 1. 07 733,~ l, lll, &Cl I. 52 

Boutl!wenarea: 
Sooth Fork, Sehrldml, PIJ:tos Creeks, ud 

I. l!li a,m 2.51 2,823 S,310 l. 88 2Cl,MO 1. 71 u.a above .... ·-------·····-------------. :I0,438 31,616 11,610 ~.536 
Monte Viii.a cana.l, Empire cr.mJ, ud 

1. 71 0,404 1.81 IIID.&ll ll8%l&lll__ •••••••• --------·- ······-·· 84,UI lM,3112 I.IM 77, !!09 132, Gll3 12, 6i8 l.35 172, OM 3Ul, '1'33 .Alllmosa Cnu, La Jara Creek, and TetnlCI 
I. 70 c!::t:ct~i::~i>iiiiiiies;·saii·:riitoolo · 411,018 88,409 1. IIO '3,339 11,m l.M 8, OCl3 10,823 1.34 100,420 li0,34~ 

RITIII', Uld Loa PlDol River ••••••••••••••• 82,381 132,871 l. 61 2$,614 '5,105 l. 76 12,471 17, 15-46 1.n 120,474 1115,622 1.112 
Rio 01'11D.de llll.Dll. Ban Luis cimal, 111.11d 11Dlill 

33.IIM M,575 1.92 1116,000 CB, 817 1.88 3,229 5, il'6e 1.& 82, 8&'I 110,W uo ~ (llllll1th ~ ->---··-·-·-----·-·-
]hit.Ire-----------------····-··-··-·· 270, a50 .a2, 1!33 l. 79 176, 1111 :IOG,3311 I. 74 U,IJl;IO 52,313 l.'5 4112, ii3l 8U,t0,, l- 74 

= = 
Soul.lMut-: 

73, l'l'3 '17,113(1 1.117 1.2& 116,075 112,W 1.17 Ttinollca C1"NIII: ud trlbutarillls •••••• ••••••• 16,847 27,185 l.61 S,IIM 7,ffl 
Blmaa, Ute, and 811.DCre de Cm!o Cnius. •• 2,~ 4,:JW l.M 1!,21Ml 11,412 1.112 8111 1,003 I. 72 9,574 16,886 1. 78 
Culehra Cl1llllr .oo c.ma Creek •••• - •• ---- 32.4M 52,IICJU 1.53 'TT,W '19,1174 1.03 16, 1&7 18, 1117 1.23 121!, 1"7 1&1,lllllO l. 21 

l!:ntlre ------·---------··--·--·--······· 51,1171 84,484 1.53 IM.Ilk 1118, 02:I 1.118 21,731 27,198 l, 2S ... B,702 1.22 

= = = = 
Total. _____ ...•••• -·-----··----·-··--·------····- llm,2-43 I, Ol2, IM7 l.74 137,1119 1,058,174 l. "3 lOQ, 210 JU, 716 1.23 1,446.1552 2,233,836 
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obtained at these stations; reference is made to Part III 
for a. description of the work and a complete statement 
of the results. 

The Bureau of .Agricultural Engineering on the basis 
of its own work and that of others proposed estimates 
of the present consumptive requirements for wat.er in 
the various sub-basins of the Upper Rio Grande Ba.sin 
as shown in tables 76 to 81 1 inclusive. These embody 
the consumptive use determinations as derived by the 
so-called integration method; that is, based on all 
available experience e.nd judgment, unit values of 

91 

consumption (a.cre.f eet per a.ere) are assigned to the 
various classes of vegetative and other cover, taking 
into account the location of the latter within the basin 
with respect to altitude and latitude. These units 
are then multiplied by the corresponding class acre
ages to derive the total consumptive use in acre-feet. 
Since the unit figures represent consumption which 
is to be supplied from any and all sources of water, 
the total figures derived include precipitation and 
ground-water contributions as well as stream-flow de
pletion. 

TABLE 78.-Unit.! assumed in eati,natinr, comumptive water requirements, in acre-feet per acre, Colorado-New Muico State line to .San 
Marcial, N. Me:z. 

Location 

Alfalfa Brash Bosque, 
tlft.s 

Cities, 
towas, 
villa£m 

Mlscelhweous 

Tel!lporar
lly out or 
cropJlinc 

Baze land 

Sta~ line to Rlnoonada l ··-··----··· •••. _. ___ ••• _ •••••• _. ·- ........ ----- ........................ _ ...... ·- •••• ·-······ ---· _____ ....... ··------···· ·--···-··· •••• ________ ·-
Rlncoll.!lda to Embudo •••••• ---·····-······--···· 3.5 15 J.& 2. 5 2.~ 4. 0 2. O 2.0 3. 7 1. o 
EmbndotoSDtaFeC0011tyllne .•.•..••• ____ .. _ 3.6 2.5 1.5 2.5 2.5 4.0 10 10 3.7 l.O 
SUtal"eComitrllnetoBuekman •• _______ ·---·- 3.~ 2.~ 1.6 2.5 2.5 4.0 2.0 2.0 3.7 1.0 
Middle Rio Grande Comervancy D!striet: 

Cocbltldlvlslon ••.• -••..••...•.••••• --·-····· 4.0 2.5 2.0 2.5 3.0 5.0 2.0 2.0 t.3 1.0 
Alb11qmrqmdJvi.'Sion •••••••.....••••.. __ .••• 4.0 2.~ 2.0 2.5 3.0 6.0 2.0 2.0 t.3 1.0 
Belen d!'rlJJOD ____ •• ____ ·----·-------····----· 4.0 2.5 2.0 2.5 3.0 6.0 2.0 2.0 4.3 1.0 
Soeonodltision •• - .••• _ ................ -... 4.0 2.5 2.0 2.5 3.0 6.2 2.0 2.0 4.5 J.tl 

BosQU1deJApecbegrant .••••...•.•••.. --····-·-· t.0 2.5 2.0 2.5 3.5 5.8 2.0 2.0 :.o l.O 
BosQnede.!AJ)llcl)etoSanMlll'ClaL._. _______ ••• _ 4.0 2.~ 2.0 2.5 3.5 11.8 2.0 2.0 5.0 1.0 

1 Ca.nyoll Hdioll. 

TABLE 79.-Eatimau of conaumptive waur requirefMnU, main alem of Rio Grande, Coloradc--New Me:rico State line to San Marcial, 
N. Me::;. (including precipiwticm), baaed on 19!16 acm:ges 

J.rrlptro Wida Native V111Ptatlou Miscellaneous 1 Total 111'1!11 mapped 

Looation 

A- I A-feet I ~~t Ac:nt IA-!e.i,~~t I Acre-feet I Acre-feel Ac:res I AC!"e-feet I Atte-feet Acres per acre per IICfi!' 

-------------- ------------ ---- .______,.. -- ----~----- ---- ---
•• 

01.ai:i ling to "inoonaa.e '·-------·-- ... - .......... -- . -- . -- . --- ---- .... ---·· ---·. --··----- - --------·· '-----· •• ·- ---····· .. ·-·· -··- .• -----··· ... -··· -·--- .• ··-- .... -- ....... . 
1li.J:icomduo Emblldo----····--········· ···-··· 191 M9 J.B3 n i'8 2.50 156 MO 3. 46 378 967 2. 511 
Embudo to 611111& Fe Coanty line_______________ ~.894 10,037 2.06 2,213 e, 615 2. 95 2,212 6,608 2.119 9, ~l'I 23, !lllll 2.49 
8$1ltaF1COW1tyllu.toBucmim •••••••• ______ ~ l,m 2.:IIIJ l,377 l,,03() 3.65 968 3.Hl2 3.20 3,l5l V,9115 3.16 
Middle Rio OnLDde Conseri,1111cy Plrtricl: 

CoehltidlvlsJOD •. _ ..••••••••••• _ •••••. _ ...•. 11,2118 12,S.9 2.U 11,232 40.7M 3.113 2,1199 
A.lboqnerqne dl't'isioll.-- •• ----·----·-------- 22,8111 Gl,e<lli 2. 70 23,495 81.,322 ll.46 11,s1a .Belen dJvlslon •••• _- ••••••.•••• ______________ :D.8115 u, 188 2. i3 40. 7N l:D.322 3.02 12,3.'5.'I 
Booorrodlmlon ·----····----------··------- 7,237 13,124 2.'50 14,l!IW M,899 3.ilCI 10.GM 

Bosque del .Apa.co.BIBl]t ••• _ ••••• , .. --·····-·--· ····-··-·· ··-------- -..... ---- 10.lM M,36' 6.M 2,410 
&lt;imdal.Apad,u!to&mMIIW&I--.----------- gig 2,Mfl 2.76 2.817 14.,1117 6.40 l,37S 

2.87 
3.0. 
2.95 
II.IJ7 
4.2$ 
4.10 

61,016 
178, 1!132 
224,931 
117, l7ll 
00. 66,3 
21,009 

3. 19 
3. 08 
2. 92 
3.M 
6.30 
4. S5 

---11---1----1----1----1----
T-01aJ..___________________________________ fl6.9Gll 172,211 2.11 1oe,m -.~ a.a 45,1112 148,872 3. 25 '105,612 

tnipted !Mda NaUVII VIICIIWIDII M~ 

1-tlon Natlva Miaael· Be1que, Cities, ~ Wat.Ir Bare 
Cotton Alfr.lla bay, i.-.ua OrllllS Bruah ix- = ont. of ~ lu!d 

putm'e c:ropi eropp.!Dg 

--------------------
~~~~~~io-.i~·cu10riC ---~---'"''"'" ----·4.0 -·----2. 6 -·---· 2. 0 :u 3. 2 A.8 •• ·-2.0· 6. 6 0.8 

2. 6 a. 2 6.0 2.0 4..11 .8 
Rinecu v.u.,- (bl Bliim. llmd Dolla A.a.a Oounl.im) __________ :u 4.0 2.11 ao 2.11 :a.o 4.8 2. 0 2. 0 t.11 .1 
Mtllilla ']!tr; I.II Nw Mmao 11111d 'I'eum------···· ..•.••.... u c.o :u 2.0 2. & 2.8 4. 8 2. 0 2.0 4.5 .7 
El Pao di cm, ~Ject----·····-··----····---- 2.11 4.2 u 2. 0 2.11 a.o 4.8 2. 0 2. 0 ,u .7 
Rudspatb Comity a.nd Beclemet!on Dlsui~ 

No. l.. --···· .. ······--·····--·---· ··-·--· -·····---· •••.••. 2.5 4. 2 ------ .......... - 2. 0 2. .5 3. 2 6.0 _ ......... ____ 2. 5 4.5 .7 
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TABLE 81.-&timale of eomumptiH waur ref1,Liremems, main sum of Rio Grande, San .Marcial, lV. Mr:z., to Fort Quitman, Tex. (includi1tfl 
precipitction), bc,ed on 19S6 acreages 

Ima:•led latld.8 Native vegetation Ml.!oellarleous 1 Total area map[ 

Loc:atlOD 
Alrllll Al:ff-leet Aen-feet Acns Ain-fllet Aae-faat Acr11111 Acm-feet A.cr.l'!et Acns Acre-reet I Acre-feet pe:r !ld'1I per IICnl per a.en! per acre 

------
Slol:l Mllclal to EJ.etmit Batte Dam .•••••••••• -m--•--••• ~~-- mB-mmm 9999999-99 22,071 m,m 6. 20 I 20,700 l!O,m ~.34 '42,821 m. eeg, 5 .• 
hloDw Valley Elapha.nt Butte Dam to 

Apaclle Ca:,'OD) ••••••••••••••••••••••...•••.. 830 2,011 ·.2. 42 7,'35 ~Bell a. '8 2,118 7, cm 3.M 10,383 3',942 a. 
B.lnoon Valley (ID Slam ud Doll& Ana Cow:i· 

tiell) ••••••••• - - - - --·-·········· •• --- - - - ••••••• - ll!,llll6 w,2ee :i. ea 7,3Ul 'Z'l,W 3.82 S,3V8 16.817 3. 12 77, g14 85, llS 3. 
Manila Valley ID New Mwco ud Texaa. - ...•• 112,923 227,38.'1 2. 74 13,198 48,1119 3.27 14. 297 34, 73S 2. 43 110,418 306, 2119 2. 7 
El Pl!IO division. Rio Grande project •••••••••••• 611,423 163,105 2. 811 20,~ 82, GM 3.26 '6,362 H,112'1 2.35 I 72,838 210, 1!86 2. 
Bud31)etb County Conset'l'ation and Reciama-

t.lm:t District No. 1 •••••••••••••••.•.•.•.•••.•• 13,679 ~631 2. G2 s.• 22,567 3.83 2, ll7 &, 061 2.39 21,005 63,259 2. 
--------- ---

Total-···-··········-·-· .. ---- ........ 168,961 483,458 2.83 M,006 :llll7,031l 4. 05 "~l,042 1811, 476 3. 71 "1185.1169 924,973 3. 23 

'Cities. l011rm, and vlllq:s; land temporarily out of cropping; water surfam&-;;,oo!ed water, rlYer, ud Clllla.l surfaces and eiJ)06ed beds; bare laud, roads. rlu;bt.s-ol-wa)·, etc· 
J lllcludes water SUJ'flce ua or Elephant Butte Rmervo!J' (18,674 aicres) u 1ffl'l&l9d rm- June lW. 
1 Exclusive o! clty ol El Pa.so (6,210 &enlli). 

N01'11:,-Remlti of Bura,u of Plant hldwtry wlnitJ' studies were not anilable wllen estlmata were·made. 

Buin Totals of Supply ud Use 

The data for total water production in the Upper 
Rio Grande Basin as derived in a previous section, a.nd 
the consumptive use data of tables 76 to 81 combined 
with the acreage data of tables A, B, and C of Part III, 
a.ff ord a. comparison of figures for total supply and 
consumption a.nd an approximation of basin surpluses 
or deficiencies. Such a comparison is shown in table 82. 
For each of the three major sections of the upper basin 1 

San Luis, Middle, and Elephant Butte-Fort Quitman, 
and for the whole upper basin, there a.re shown (1) the 
total irrigated and other water-eonsu.mmg acreage 
(native vegetation, etc.) as found by the 1936 survey, 
(2) the consumptive use of water as measured by 
stream-flow depletion, and (3) the derived weighted 
average unit stream-flow depletion. The consumption 

. · .s :l: ~n :Dm?a:eci :,o .:be -'ater· ;i.:p!Jl:· iS :neasureci ·Jy 
the natural run...orl' to the sections and to the entire 
basin, for a normal, mwwnum, and minimum run-off 
year. Since there is no return to Rio Grande from the 
closed basin (except for that in the Rio Grande drain) 
a.ny surplus to Rio Grande in the San Luis section 
must be derived as the run-off to the southwest and 
southeast areas less the consumption (stream-fl.ow de
pletion} in those areas and the consumption in the 
closed basin served f:rom Rio Grande. The acreage 
shown in the table for San Luis section is therefore that 
for the southwest and southeast areas plus that in the 
closed basin served from Rio Grande, and the consump
tion shown is that corresponding to this acreage. The 
acreage figures of table 82 a.re taken from tables A, B, 
and C of Part III and the consumption figures partly 
from tables 76 to 81 and partly by further derivations 
combining the data of the consumptive use and acreage 
tables where the former do not give the complete data; 
for example, the consumption by the closed basin area 
served from Rio Grande and the consumption by the 
tributary areas in the Middle and Elephant Butte-, 

Fort Quitman sections. Estimates of acreage and con
sumption in Mexico were also included in an endeaYor 
to make the comparisons complete for the upper basin. 
The data oftables 76 to 81 represent total consumption, 
including precipitation. In deriving the stream-Bow 
depletion figures of table 82, therefore, correction was 
made for precipitation by subtracting from the unit 
consumption figures, 0.6 for San Luis Valley and 0.7 
for the main river valleys and 1.0 for the tributary 
valleys of the Middle and Elephant Butte-Fort Quit
man sections. 

TABLE 82.-Compari,on of water aupply and stream-flow de 
by irrigation, Upper Ric Grande Bruin · 

Item I No. Item I 
San Luis I 
Si'ction 

I Jnipl.e,j a.nd water consuminr 
.. ~. 1936 •.•••••........... 'l,Oli.000 

2 Conimmptlve uae (st= flow 
dcpletioo} acre-feel ........• _. 1 l ,017 .000 

ii Unit stream flow depletion-
lCft·leet per•=·-··········· 1.00 

I 
Elephantl UJlper 

Middle Batt&- Rio 
seoiton Fort Oran de Quitman 

. . et":.) ,.,TJ 3a.sin 

367,000 1336,000 1, 750,00'.J 

768, 000 ' 885, 000 2, 700, 000 

NORMAL OR MEAN YEAR 

4 Water IRIJ)ply-total natnral 
mn-<lff, 111n-fet'! •••••••••••.•• • 1,379,000 1,333,000 

.'I SW'l)ltl.8 or dellclenc1, Item 4 -
Item 2, ll,Cl'e,-(eet •••••••••••••• 332. 000 Ma,000 

MAXIMUM YE.AR (18117) 

8 Watal' snpply-total natural 
1'1111-<ll!, -feet .............. ' l ,5811.000 2,000,000 

' Sa1'1)h1' ot deficiency, 1tem 7 -
ltelll 2. acn,-faet .............. 1-12,000 1,312.000 

MINIMUM YEAR (1002) 

II W.a« SDpply-total n&tW'lll 
nm-off, -feet ..•.•.•..••••• I 007,000 ~000 

11 Smplu.a or dellclency, 114ml G -
Item 2. ..:re-teet ••••• · ......... -M0,000 -318,000 
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For Sa.n Luis and Middle sectionst table 82 shows 
surpluses in the maximum and normal years and 
deficiencies in the min.imwn year. Elephant Butte
Fort Quitma.n section shows deficiencies in all years. 
For the entire upper basin, a. surplus of 177,000 acre
feet is shown for the normal or mean year. Considering 
the nature of the derivation of this figure and the many 
factors involved, it is in fair agreement with the 13-
year mean outflow of Rio Grande at Fort Quitman, 
1924-361 which is 21 ltOOO acre-feet. In the ma.xi.mum 
year there is n. basin surplus of over a million and a. 
half acre-feet, and in the minimum year an equivalent 
or slightly greater deficiency. 

In the data of table 83, the water supply and stream
flow depletion figures are used to show a comparison 
of the water "beneficially" consumed and that con
sumed "otherwise." For the purposes of this compari
son beneficial consumption is taken to be that by the 
irrigated acreage only. Of the water consumed other
wise there may be certain uses such as reserroir evapora
tion, for example, which a.re not necessarily nonbene
ficia.l but which would not be classed as directly 
beneficial. However, besides many unavoidable con
sumptive losses, the "otherwise" uses include many 
which are avoidable. These may be consumption by 
nath-e vegetation which could be prevented advanta~ 
-.:eously.by drainage, transmission losses which could be 
educed economically by canal improvements, excess 

use associated with the practice of careless irrigation 
methods, or operation wastes. 

TABLE 83.-C,,mparison of directly beneficial and other consump
'.ive ·1ses •Ji ·cater in ir.-'.qation, ~·ner 1io ::-'lr:r.i.~ 3asin 

ll'nit, ;,ooo ~ere-feet except ll!I noted! 

Straun·llow de-

Tola!· 
pletion by IITI· 

Total pl.ed~, Total 
l!Ulllual llllrlllale 11136; di J 11.11nnlll Bene- Other 
inJlow lrrl· beneftcia.l eon- DUtftO'IF flclaJ COD· 

Basin unit ofnrn• gated, J1Umptjve 111111 oll'UD· nseJom sump-

0.11, 46- 11138, olf,48- OU Ow tlve 
l,(l(JO. mes yee.r acre Unit, }'1111 (S)+(6) (2)-{7) 

DHlllll Will.a acre- -feet per Total 
&('.fl! 

(I) (2) (3) (4) w (Gl (7) (8) 

------------
B&n Lwuectlon .•••••. 1,567 llOO l.H e84 '4411 l, 132 w 
M!ddlt-Uoll ••••••••. 11,781 1153 l.SO al 11,au 1,261 mo 
El@pbant Butte-Fart 

I 2()1 2. 30 482 '211 m .523 Qllltmm 88Ction ••••• I 1.196 ----- --------uc:~-~~ .. __ ........... 11M l.ff 1,:rre mm -voa-- mm .. ,...,--~ l, 478 

·-- In exple.ne.tion of table 83, it is shown for San Luis 
etion1 for example, that the total irrigated acreage 

m 1936 was 600,000 acres, which consumed (depleted 
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the stream Bow) an estimated 684,000 acre-feet. This 
is the directly beneficial consumption in the section. 
These data are taken from table 77 with a correction 
to the unit consumption for irrigated lands, as given 
therein, of 0.6 acre-foot per acre for precipitation, in 
order to derive stream~fiow depletion. With present 
development in San Luis Valley it m estimated that the 
mean outflow at Lobatos, 1890-1935, would have been 
448,000 acre-feet (table 18). The total of directlv 
beneficial consumption and outflow is therefore 1,132~-
000 acre-foot, and this subtracted from the mean total 
inflow to the valley of 1,567,000 acre-feet leaves 435,000 
acre-feet consumed annually on areas other than the 
irrigated acreage. A portion of this large loss can be 
recovered by drainage. Similarly, the "other consump
tive uses" derived for the Middle and Elephant Butte• 
Fort Quitman sections a.re, respectively, 520,000 and 
523t000 acre-feet, making the basin total for this con
sumption or loss, 1,478,000 acre-feet. This is a little 
more than the total basin consumption by the irrigated 
acreage, shown as 1,376,000 acre-feet. In other words, 
of the total strea.m.-fiow depletion in the basin, about 
ha.If is beneficially consumed by the irrigated acreage 
and the other half is represented by losses, some of 
which are avoidable. 

Dil'erslon Req-afrements of Major Un.Its 

Beyond knowledge of the consumptive use of water 
in the Upper Rio Grande Basin, it is essential to any 
adjUBtments which may be proposed for an equitable 
division of the water between the three sections of the 
basin. that the reou.irements 0f ~he maior units 0f ~hose . ""'. ' 

"6C:tons .:.n :erms Ji :he :iecessary · ii-version ieniana 
upon the stream flow be known. ]n San Luis Vru.ley 
this means the demand upon Rio Grande at or above 
Del Norte to satisfy the requirements of the area served 
by Rio Grande and the demand upon Conejos River to 
satisfy the area served by that stream. The demands 
upon other streams of San Luis Valley are not of con
cern in the present consideration since other than by 
occasional flood flows these streams contribute prnc
tica.lly no water to the flow of Rio Grande leaving the 
va.lley. In the Middle section the essential require
ment is the demand upon Rio Grande at Otowi Bridge 
to serve the Middle Rio Grande Conservancy District, 
and in the Elephant Butte-Fort Quitman section it is 
the d6ma.nd upon Elephant Butte Reservoir to serve the 
Rio Grande Project and fulfill the treaty obligation to 
Mexico. 

ThB San .l.,ui, section.-Rio Grande Area.-For the 
area served from Rio Gre.nde in San Luis V&lleyt the 
diversion demand was derived from the acreage and 
consumptive use figures of tables A of Part III and 76, 
and the return flow data as given under the ca.pt.ion of 
"return water" in the previous section of this report on 

CO- 003045 

TX_MSJ_000125



94 

water supply. From table .A the irrigated acreage in 
1936 was 306,000 acres. Due to the current subnormal 
water supply, thls may have been below average al
though there a.re no comparable data. for previous yea.rs 
to provide a comparison. To make some allowance for 
this possibility as well as to include certain of the other 
water-consuming areas which a.re served unavoidably, 
the area of 306,000 acres was increased by 15 percent to 
a. round figure of 350,000 as the acreage irrigated from 
Rio Grande on which the diversion demand was based. 
From the data. of tables .A and 76, the average unit 
consumptive use of the crops included in the area. of 
306,000 acres irrigated from Rio Grande in 1936 was 
1.9 acre-feet per acre. Subtracting a. precipitation 
allowance of 0.6 foot from this figure and applying the 
resulting unit stream-fl.ow depletion to 350,000 acres 
gives 455,000 acre-feet as the total stream.flow deple
tion. To get the diversion demand there must be 
added to this figure the total of indivertible waste and 
return flow. In the portion of th.is report dealing with 
return flow it is shown that the return, including waste, 
in 1936 from Rio Grande diversions, exclusive of those 
to the closed basin, amounted to 36 percent of those 
diversions. From this and the other :return~flow data 
given, it was concluded that a return of 30 percent 
might be conservatively selected in deriving the diver
sion demand .. Application of this percentage gave a 
demand of 650,000 acre-feet. This was then taken n.s 
the yearly :requirement for diversion from Rio Grande 
for the irrigation of 350,000 acres. By way of com
parison, the mean of the annual diversions from Rio 
Grande below the Del Norte gage in the period 1930-36, 
:.nd11fro-o ~-v15,50!.':!01). lCT~-l~e":.. :'':le .::n.::i.~--;::·_;_;_-n. ::

verSlOD J1 ,his perioci was thnt in 19321 amounting to 

729,000 acre-feet. 
Use of the estimated demand of 650,000 o.cre-foot 

in subsequent reservoir operation studies :required that 
its monthly distribution be established as well as the 
total of return flow to Rio Grande to be anticipated, 
and its monthly distribution. In the succeeding sec
tion of this report on storage development, mention is 
ma.de of an idea.I monthly distribution for Rio Gran.de 
diversions in San Luis Valley developed by R. J. 
Tipton, consultant to the Colorado State Engineer. 
This was derived from an extensive compilation of the 
diversions of San Luis Valley canal~ having old priorities 
and from the distribution in other comparable :regions 
having adequate storage control. This idea.I distribu
tion was ta.ken as the basis for monthly distribution of 
the diversion demand as developed in this report, both 
for the arM served from Rio Grande and that under 
the Conejos River. The monthly distribution of the 
650,000 acre-feet demand is shown in table 84. 

From the data. of table 36 and tables 40 to 42 in the 

Rio Gra~ Joint lnvesi'igatfon 

section of this report on return water, the total return 
t.o the river both above and below Alamosa. from r 
Grande diversions is indicated to h&ve been 1 
percent of the total Rio Grande diversions in 19341 

16.l percent in 1935, and 19.6 percent in 1936. .Assum
ing that the data of these last 3 years ma.y be taken as 
a fair index (beginning with 1934 there appears to 
have been an increase in return water) of the return, a 
figure of 16 percent was adopted to :represent the pro
portion of total Rio Grande divisions returned to the 
river. The monthly distribution of return flow hus 
been erTatic in the past, depending on monthly diver
sions, which, in tum, have been dependent on pre.cticnlly 
unregulated stream flow. With storage regulation 
a.nd distribution of diversions more nearly in accordance 
with the ideal monthly demand the monthly distribu
tion of return flow would ~ithout doubt show a cor
responding uniformity. To derive such a. distribution, 
the computed :returns, by months, during the yea.rs 
1934 to 1936 were compared to the corresponding 
monthly diversions and the relations so obtained used 
as the bas.is for estimate of the return flow and its 
distribution under the idea.I diversion distribution. 
The :resulting distribution is shown in table 84. For a 
comparison, the actual distribution as indicated by 
the mean of the return data for 1934, 1935, and 1936 is 
shown in table 38 of the previous· section on retur 
water. 

T .ULE M.-M onthly distribution of estimated divtr!io-n demand 
and res1.dting return flow, Rio Grande and Comjoa area.a, San 
Luis Va.luy 

[Unit, 1,000 Be1'1!-leet e1:oept as cotedl 

· dlver.slons 
I 

Conejos area ' 

Diversion demand on 
Mogole 

Month Diversion de- Return llll'll'tO Return 
Rio Grande 16 flow 

mmd on D1ll pareent of dJ. 3ll per· 
Norte Ven.ions .Al:io,·e Below eent of 

mouth mouth Total dh·er· 
Ban AD· San An· slons 

tollio ton!o 

(l) (2) (3) (4) (5) (6) (7) (8) (9) 

--------------
Pffrnl Perunt 

.TIZIDlllY ••••••• 0 0 2 2 0 0 0 2 
Febl'UBl'Y ....•• 0 0 2 2 0 0 0 2 
Mucl! ........ 0 0 2 2 0 0 0 2 tJ:rll. ......... 5 33 3 3 2 10 12 2 .,. ••........ 17 HO 8 8 6 84 3g 6 
.TUINI .......... 27 175 19 20 8 M 82 15 
.July._ ••••••.. ~ 1119 19 20 8 ,52 eo 15 
Aupst .•...... 18 " Jli l7 18 5 3ll 41 14 
l!eptem.ber •••• A aa 12 13 2 10 12 10 
Oetobllr ••••••• 2 13 8 8 0 4 4 6 
NOTamber .••• 0 0 ~ 6 0 0 0 • n-w, .... 0 0 3 3 0 0 0 2 --------------

Tota.I ••• JOO lll50 100 UM ~ :IOO 230 80 

1 Al'IIII 1mder Conefos and Ban Antonio at mouth. Area which would be sernd 
by Comjos Jton&1I only. 

OGlu.m.n (ll') ldeo.l dlvenfoD dlstrlbntloD aitet 11. 1. Tipton. 
CohimD8 (6), (7), md (8) bued on IJllft1l!J]tace dlmibution of columD (2). 
Colo.m.n (9) hued on psraamtQe llim:lbutl1111 or column (t). 
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Conejos Area..-The diversion demand derived for the 
Conejos area is tha.t upon the Conejos River at Mogote 
to serve the area now irrigated from the Conejos and 
tl.ie inflow from San Antonio River. This is the a.res 
which would be benefited by proposed storage on the 
Conejos. The actual stream-flow depletion by this 
area is gh-en by subtracting the outflow as measured 
at the mouth of Conejos River from the inflow as 
measured on Conejos River at the Mogote gage and on 
San Antonio River at its mouth. The period for whkh 
rerords of all three stations are available is from 1923 
to 1936. In this period the mean annual stream flow 
depletion was 154,500 acre-feet. Extending the records 
by estimates to include the period 1911-35 (the period 
used subsequently in reservoir operation studies), the 
mean annual stream-flow depletion derived for this 
period is 157,000 acre-feet. 

The irrigated and other water-consuming area under 
the Conejos llS mapped in 1936 and shown in table A 
of Part III was 115,705 acres. Breaking this down to 
the classifications indicated, and applying the Bureau 
of .Agricultural Engineering estimates of unit consump
tive use as given in table 76 less 0.6 foot for precipita
tion, gi\"es a total stream-flow depletion for this area 
of 117,000 a.ere-feet. This is substantially lower than 
the mean annua.l depletion as given by the stream-flow 
records. In selecting the depletion figure to be used in 
deriving the diversion demand !or this area, it was con
sidered inadvisable to depart materially from the mean 
of actual depletions in recent years. A round figure of 
150,000 acre-feet was therefore adopted. In the section 
of this report on return water. table 39 shows a return 
~ ~]36 :'or :2Je :?0neios j.rea l.:llounr.i;)g :o· ~,; .1erc:~m 
oi the riiversions. This high percentage lS ascnbed to 
the present conditions of wild flooding which prevail 
in the Conejos area during the short period of spring 
run-off when heavv overdiversions are made in an 
endeavor to offset ~to some degree the effects of the 
extreme lack of conformity between the irrigation 
demand and the unregulated supply. With a supply 
regulated by storage, overdiversion should be elimi
nated to great extent with a corresponding reduction in 
the return water percentage. In view of these con
siderations, a. figure of 35 percent was adopted as 
representing the proportion of the diversions which 
would be returned as indivertible waste and drainage. 
Using this percen~, the diversion demand on the 
Conejos River for the Conejos area becomes 230.000 
acre-feet. It is necessary to divide this demind into 
that for the area above, and that for the a~a below, 
the junction of the Sa.n Antonio with the Conejos, in 
order that the amount of usable and indivertible inflow of 

-~ the &n Antonio may be determined. The 1936 survey 
3hows that 88 percent of the area mapped lies below the 
junction. Using this as a basis of division, the Conejos 
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River diversion demand is 30,000 acre-feet above and 
200,000 a.ere-feet below the junction. 

For monthly distribution of the demand the same 
ideal distribution was used as in the case of diversions 
from Rio Grande. Likewise, the same monthly dis
tribution was assigned to the return flow as in the case 
of return from Rio Grande diversions. The distribu
tions of the demand n.nd return flow are sho'\\"n in 
table 84. 

Th6 Middle secfion.-The demand on Rio Grande o.t 
Otowi Bridge for the area from that point to San Mar
cial, including the area of the Middle Rio Grando 
Conservancy District, was derived by selection of a 
va.lue for the stream-flow depletion between Otowi 
Bridge and San Marcial based on consideration of four 
separate estimates of that depletion. 

Stream Flow Depletion, 1890-1935.-In the section 
of this report on water supply, in connection with the 
correction of recorded Rio Grande run-off for present 
development, estimates were derived for mean annual 

. stream-flow depletion and tributary inflow, 1890-1935, 
Otowi Bridge to San Marcial, of 586,000 and 359,000 
acre-feet, respectively. Comment was ma.de that 
because of the uncertainty '>\-ith respect to tributary 
inflow, nothing better than rough approximations of 
these quantities is possible and that the figures derived 
should be considered accordingly. 

Strea.m-flow Depletion Based on Water Production 
Estimates.-In the estimates of water production, 
Appendix B of this report, table 199 gi,es the estimated 
mmual water production 1890 to 1935 of the southern 
•mit of t,he Middle <>ection. 'This is -+;he ·mit of ~he '1io 

, :ifa.n1.Hl~.!l'!linage ~·ea :rom )tow1 3ricige ;-,0 .3an ·~\liu
cial. The production figures represent the naturcd 
run-off of tributary streams aboYe irrigation depletions. 
The latter can be estimated from the do.ta on irrigated 
areas and consumptive use a.s given in table B, Part III, 
and table 78, respectively. If the depletions so derived 
are then deducted from the water production figures an 
approximation of the Rio Grande tributary inflow, 
Otowi Bridge to San Marcial, may be obtained which 
is entirely independent of any other derivations of this 
tributary inflow as given in this report. The sum of 
the tributary inflow and the difference in flow between 
Otowi Bridge and San Marcial then affords an inde
pendent estimate of the Middle Valley depletion. The 
derivation of such an estimate is indicated in table 85. 
Table B shows a. tot.a.I water-eorumming area in the 
tributary valleys of 40,000 acres. Unit depletion fig
ures based on the do.ta of table 78 were applied to the 
acreages of the various classes comprised in the 40.000 
aaes giving a total depletion of 63,000 a.ere-feet. This 
represents an &Yernge unit stream-flow depletion of 1.6 
acre-feet per a.ere, or a consumptive use of 2.6 acre-feet 
per a.ere (1.0 foot was allowed for precipitation). The 
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63,000 acre-feet was taken as the depletion for yen.rs of 
normal or greater :nm-off and reduced for less the.n 
normal yea.rs, roughly in proportion to the percentage 
below normal of the southern unit ron-off as given by 
table 199. 

TABLE 85.-Stream-ftow depletion, Owwi Bridge to San Marcial, 
1890-1935, baaed on tributary inflow lkri11ed from water produc
tion ettimates 

Year 

(l) 

189(1.. ............. 
l!!llL •..•.•...••... 
18112 ••••••••••••••• 
11193 ••......•••••.. 
Jll94 ••••••••••••• - . 
lfi5 •.............. 

15::::::::::::J 
=::::::::::::::-.i 
l:l!:::::::::::::::! 

llI(/H:i 
1901L ...••••••.... I 

i:lL::::::::::::I 
1912 •••••••....•••. , 
1913 •••.......••... 
11114 ••.....••••.... 
l9!5 .••.. -· ........ 
]916 •••....••••.... 
]917 ••••••.....•••. 
1918 ............... 
11119 ••••••••••••••• 
lir.lO ............... 
11121. ..•.........•. 
11122 •...•••......•. 
111:13 •.......•.•.... 
11124 .••........•... 
l~---
:11211 .... ·····•··· 
1927 .............. . 
19'28 ••.•.. ·····•••· 
lll:zv .............. . 
1!!30 •••....•.•..... 
19:11.. ••••.••.••••. 
11132 •.••••.....•••. 
1933 •••.••.•....••• 
11134 •.....••....... 
11135 ••••.... - ...•.. 

ftJnlt, 1,000 acre-reetl 

Water pro-
ductlon in =t10ll Rio Oraode 

dn.lmige &IU d p dons tributary 
above irrl· ia tributary Inflow 

Pilon nlle>·S (2)-(3} 
dlvel'l!lons 

(2) (3) (4) 

610 153 &17 
818 113 1M 
800 93 a.17 
2'0 63 207 
120 16 105 
4-tAl ea 377 
l:&5 111 100 
710 93 1147 
11>5 40 Hf, 
HS 117 121 
102 7 g5 
1118 '° 148 
72 4 GS 

002 93 639 
11111 Sf 134 
020 ea M7 
llllll 03 .1417 
BM 113 m 
270 114 21& 
6l!Cl 113 4g7 
2115 f,7 ~ 
m 453 M2 
618 G3 M3 
171 M 137 
447 453 384 
159 l!3 -672 ea GOil 
2IXl 42 158 
1511 30 lllll 
1140 113 m 
376 112 314 
314 &II 2.16 
JOO 6 IN 
18& 40 149 
')00 ;7 '!52 

' . ~~ . 'A ,.::,; 
;51 

~Ill? ll3 ~ 
167 33 134 
407 l!3 344 
235 49 186 
Jl3 13 100 
71\0 l!3 4!Q7 

207 4-4 IQ 
187 40 147 
4(16 l!3 343 

Otowl S!.1'1&m· Brldp 
llow leSll tlow de-
SanM~- ~letlon 
Illa! llow 4}+(5) 

(5) (6) 

C22 1169 
-2112: 4113 

331 -~ WI 
l~ 251 
37 tH 

121 :zao 
-m 32i 

1117 272 
442 ~ 
240 33.'l 
200 MS 
m 2111 
m 1136 
18 152 

-373 lM 
353 1ml 
694 1,386 
~7 463 
1155 l, 1112 
411! CM 
308 870 
tee 1164 
m 383 
317 701 
293 {18g 
377 1186 
3S2 .$40 
303 ffli 
87 1!64 

136 4ll0 
us r,4 
JOO 397 
:Ml 300 
~13 ~ 
.:::i; ;;o 
.l5i! :rn 
282 8ll 
3t2 436 

87 257 
19-1 ~ 
139 %19 
3:18 l, 025 

156 ~ 
13'6 283 

71 4H 
l====l,===l===~l====I==== 

411-year mean ••••.. 385 48 337 m 1542 

Column (2) from table lllll in .A ppendb B. 
ColumD (3) enil.mat.d from dw or I.Ible B, Fart ill, and table 78. 

The mean &Dnual values for Middle Valley depletion 
and tributary inflow given by this estimate are 562,000 
e.nd 3371000 acre-feet, respectively. 

Stream-Flow Depletion in 1936.-Subsequent to the 
studies which gave the figures of the preceding pa.ra
gra.pbs the 1936 records of Middle Valley stream flow, 
diversions, and drainage, as obtained under the Rio 
Grande joint invesiigu.tion, became available, s.nd an. 
analysis of these data wa.s made in an endeavor to 
determine the stream-flow depletion and tributary in
Bow in 1936. The measurements gave a roo:nd of all 
surface flow in river, cane.ls, and drniml past seven 
cross sections of the va.Jley--Otowi Bridge, Cochlti, 

Rio Grande Joint. lnr,utigation 

Sa.n Felipe, Is1eta, Bernardo, San Acacia, and &n 
Marcial. It was thought that with these records and 
those of the diversions and drain flow in each of the 
six river sections, the stream-flow depletion and tribu
tary inflow might be isolated for each section and 
finally summed up to give the valley totals. T~ was 
found to be impractical, however, because of lack of 
sufficient date on wastes. There are e. great many 
wasteways in the oonservancy district below the points 
where the diversions to the canal~ a.re measured and 
it we.sonly possible to measure o. smell port.ion of these 
wastes in 1936. Hence, de.ta on net diversions, nn 
essential item, were not available. Lo.eking the do.ta 
for this determination, attention was directed to utiliza
tion of the available de.ta t.o furnish an estimate of 
minimum tributary inflow, from which the minimum 
stream-flow depletion might be derived. The daily 
records of total inflow and outflow for the six river 
sections from Otowi Bridge to San Marci.al were com
pared, making due allowance for time lag between 
cross sections, to give the gains in ea.ch section. Only 
days when gains were indicated were tabulated. From 
the indicated gain between upper .and lower limits of a. 
section, the outflow of interior drains, considered n.s 
having no source in tributary inflow, was subtracted 
(e. correction which would probably be strictly appli
cable only to winter months when there a.re no dinr
sions), and to the gain we.s added the estimated evap
oration from the river surface in the section. Mani
festly, if there is a. gain in a section it represents the 
excess of tributary inflow over that portion which sup
plies the total consumption in the section. Hence the 
59.UlS ":n ~ne 3ec:;ion J.S .l.CO, 1 le!"c.'/~"t1 .ess i.-;1~:1. --iow 1.nci . 
plus only tha.t part of the consumption in the section 
represented by the evaporation from the river surface 
must of necessity account for the very minimum of 
tributary inflow. Consideration was given t.o the 
available records of flow of Jemez Creek nt its mouth, 
but not to those of Rio Puerco at Rio Puerco, as the 
latter station is about 25 miles above the mouth and 
there are undoubtedly substantial losses below the 

· station. If the tributary inflow as derived for the San 
Felipe-Islet.a section wa.s smaller than the flow of Jemez 
Creek, the recorded flow of the latter was taken as the 
total tributary inflow. This is oonservative e.s there 
were, in all probability, other concurrent sources of 
tributary inflow to the section. The deductions of 
daily tributs.:ry inflow were summed up by months for 
each section as shown in table 86. Complete records 
for the year were not available for each section, so 
that, a.s indicated, combinations of longer sections were 
necessary for some months to · complete the estimates • 
.As shown by this table the total of the estimated mini
mum tributary inflow to the Middle V a.lley in 1936 is 
362,000 acre-foot. The monthly totals of table 86 
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T.uLlt 86.-E,timated minimum tributary inftow, Middle Rio Grande Valky, Geom Bridge to San Marcial, 1936 

[Unit, l,ll(ll.l llffll-fNtJ 

April 0-m
~r 

----------1-------------------------------
OtowU:lrid(t to Coc!ul.L..-......... 2. 0 8. 0 II. B 8 7 8. 4 0. 5 1. 6 0. 9 0. 8 (U l. S 1. 3 
Cochii!toSau P'e!tpe ___________ ,___ 4.IS 2.3 7.a IN>.l 17.5 9.o 8.B ?.t :u a.o 1.5 .s f0.9 

116. 4 
1111. l r=J:~=---·····-·-········· ·········· ·········· .......... .......... .......... ·~. 2 ~o :·3 2&"4 t5 ~2 ~7 .2 
119. 7 
211. 3 
te. o 
24.0 

Bem.artloto SaoJ.e.ela............... .•••••.••• .••••••••• •••••••••• •••••••••• ••••..•••. 12.2 ll.l :118.3 20.0 8.2 1.3 4.11 
San Aaa.cia to San Marcial............ ...•.••••. .••••••.•• .••••••••• ':al 1 3. l O O 1. 6 1- 5 0 O O 
SmFPlipetoSl.ll AcaciA ............. ··•••••••• ---------- •••••••••• •20.1 25.0 •o .............................. ·••••••••• •••••••••• •••••••••• 
Sm Felipe to Sau Marcial............ 11.11 • 9 0 • 17. 6 •••.•••••.••..••••••.•.•••••••••••••.•••••••••••••.•.•••••••.•.••••••••••••••••• 

Tou.J...... .................. ••. 11. 9 11. f H. l 116. 6 M. 0 12.11 lllS. 2 11U 5U 18. 8 14.11 Ji!. t 301 6 

1 June H-30. r Apt. 18-30. 

applied to the monthly difl'erences between Otowi 
Bridge and San Marcial gave monthly figures for 
minimum stream-flow depletion as shown in table 87. 
These total 566 1000 acre-feet for the year as the esti
mated minimum stream-flow depletion in the Middle 
Valley in 1936. 

TABLE 87.-&timated minimum 1tream flow depldion, Middle 
Rio Grandf Yalley, Otowi Bridge to San Marcial, 19S6 

[Unlt, 1,000 aere--reetJ 

Month 

Juua.ry •. --··· ....•..•.........•.•....• 
'bru&:Y ••• - ....... - - - - • - •••••••••• •••· 

reh ................................. . 
•11. ................................. . 

It.:, ••••••.•.•............••••••••.•.... 
Jlllli! ................................... . 

July···············-·--················ 
te:tiei.::::::::::::::::::::::::::::: 
October ••••••••••.• -•••••••• -- ••••••••• 
NoYemller ••••.••.••..••••..••..•.•.•.•. 

OtowiB.rldge 
mflowles3 

B&llMt.rcial 
outflow 

-17.4 
-II. 8 
-.v 
4.5.8 
22.1 ee., 
18.8 
11.2 

Deeember ......... --·-·--············· 

1.1 
12. 6 u., 
-1.~ 

:·ear... . .... . ............... 1 

11.11 
ll.4 
1,.1 
Ge.6 
54.0 
12.11 
Zl.2 
au 
51.4 
18.8 
14. C 
'.3.~ 

~1-~ I 

Coffl'spolld· 
1.D.1.llll.lli.lllwn 
lltnlam flow 

depletion 

-5.5 
4.11 

13.2 
142.3 

711.1 
'12.3 
82.0 
77.G 
63. l 
au 
29.0 
:o. ~ 

.;le -

Stream-flow Depletion by Integration Method.
As shown in table 791 the Bureau of Agricul ture.l 
Engineering hllB applied unit values for consumption, 
determined on the basis of all available data, to the 
mapped a.rea.s to derive the total consumptive water 
requirement on the ma.in stem of Rio Grande from the 
Colorado State line to San Marcial. Deducting from 
the total the consumption shown for the area. above 
Otowi Bridge (Buckman) gives a consumption of 
6751000 a.ere-feet from Otowi Bridge to San Marcial. 
(This does not include the canyon section from Otowi 
Bridge to Coehiti, which, was not mapped.) .Allowing 
0.7 foot for precipitation on the total area. of 205,000 
acres gives a deduction of 144,000 acre-feet to make the 
estimated stream-flow depletion, Otowi Bridge to San 
Marcial, 531,000 acre-feet. 

Diversion Demand on Rio Grande.-Four estimates 
_Qf stream-flow depletion, Otowi Bridge to San Marcial, 

ve been described: (1) 586,000 a.ere-feet based on a 
.1dy of available da.ta for the period 1890-1935, (2) 

r June 1-13. • Apr. 1-17. 

5621000 acre-feet based on tributary inflow derived 
from water-production estimates, (3) 566,000 acre-feet 
118 a minimum based on 1936 data, and (4) 531,000 
acre-feet based on unit-consumption values derived 
from experience and judgment applied to the mapped 
acreage. Estimates by previous investigators are 
shown by table 73 to have been substantially lower, in 
most cases, than any of these four. Since, in a.ny case 
the deficiency in basic data has been such that approx
ime.tions only were possible, a depletion figure .,of 
550,000 acre-feet was more or less arbitrarily fixed upon 
as the buis in this report for deriving the required 
diversion demand upon the Rio Grande of the Middle 
Valley a.rea. 

As indicated by table 71, the irrigated area in the 
Middle Rio Grande Conservancy District in 1936 was 
59,000 acres. The Burkholder report (tab]e 5, p. 3) 
shows that the net irrigable area incJuded in the district 
as set forth in the approved ple.n, is 123,267 acres. As
_3uming ~hat under ·:ull :iev~~cpmem ~he .:ll!8.:rimur!1 
4.Cl"eage uriga.teci in any one year would be 80 percent of 
th.is, or, in round numbers, 100,000 a.cres1 the question 
of whether an allowe.nce should be made for greater 
stream-fl.ow depletion when the 100,000 acres a.re irri
gated is to be considered. 

Reference to the figures for the conservancy district 
in table B, Part III, shows that there were in the district 
in 1936, 43,968 acres in grass and 19,639 acres in brush. 
If the irrigated lands are not expanded to include bosgue 
areas (which show a higher rate of water consumption 
than grass or brush lands) it appears that the grass and 
brush lands must be those which will later be brought 
under cultivation and irrigated in making up the 
100,000 acres. By applying the unit consumptive use 
figure.s given in table 78 for grass o.nd brush in the con
servancy district to their respeetive acreages as given 
above, a total consumption of 169,000 a.ere-feet is ob
tained. Tb.is divided by the total acreage of grass and 
brush lands gives an average unit consumptive use for 
them of 2.66 acre-feet per a.ere. A aimilar computation 
for the irrigated lands in the district, using the data of 
table 79, gives 2.66 a.ere-feet per acre, or precisely the 
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same average unit consumptive use for these lands as 
for the grass and brush lands. 

From the above considerations it appears that no in
crease over present consumption or stream-flow deple
tion is to be anticipated with the future increase in the 
irrigated acreage of the Middle Rio Grande Conserv• 
a.ncy District. No allowance was made, therefore; for 
a future average annual stream-flow depletion, Otowi 
Bridge to San Marcial, greater than 550,000 a.ere-feet. 

Of the 550,000 acre-feet depletion, the consumption 
figures of table 79 for the a:rea between the Middle Rio 
Grande Conservancy District and Sa.n Marcial indicate 
that stream-flow depletion of a.bout 80,000 acre-feet 
occurs in this area. Since this is depletion caused prin
cipally by swamp, bosque, and pooled water surlaces, 
it need not be supplied on an irrigation schedule a.nd can 
be assumed to draw upon indivertible drainage return, 
wastes, and tributary in.flow. 

To derive the diversion demand, indivertible return 
and wastes were added to the depletion figure and the 
dependable contribution of divertible tributary inflow 
subtracted from it. lndivertible return was taken as 
the flow of interior drains from the Socorro division 
throughout the year a.nd from the other divisions of the 
conservancy district in the months November to 
February, inclusive. From table 43, this totaled 70,000 
acre-feet in 1936. Jndivertib1e wastes were taken as 
those from the Socorro division only. Sluicing wastes, 
considered to be required only during 3 months of low 
river flow, were estimated from 1936 data at 20,000 
acre-feet .. Operation wastes were estimated at about a. 
third of the gross diversions to Socorro division ;.n 

~,.935, ,r ~O,JOG • 1cre,., eet. .J..it.b.ougn :we 2t"uciies )!"e
viously described give values for the total mean 

Rio Grande Joint Investigation 

annual tributary inflow to Middle Valley of - '- "Ut 
360,000 acre-feet, only a. portion of this inflo Jf 
course, to be relied upon as a dependable and di\_ -..>le 
source of supply. As conservatively representing that 
portion, the inflow from Otowi Bridge to San Felipe 
plus hall' only of Jemez Creek inflow (because of its 
confluence with Rio Grande below important diversion 
points and occasional indivertible peaks) was adopted. 
From the data of table 86 and that of Jemez Creek 
discharge, this portion of the valley's total tributaf}· 
inflow in 1936 amounted to a.bout 150,000 acre-feet, or 
slightly over 40 percent of the total. In order to allow 
for the divertible tributary inflow in determining the 
diversion demand in past yea.rs, monthly percentages 
based on the ratio of the Otowi Bridge-San Felipe-Half 
Jemez in.fl.ow to the total, as given by 1936 data, were 
computed a.nd applied to the monthly estimates of 
total in.fl.ow in past years given by table 23. The 
percentages so used, reduced slightly from the com
puted values and rounded, a.re shown in table 88. In 
the operation studies described in a subsequent section, 
it was found that the mean, 1911-35, of usable trihutnry 
inflow derived by application of the percentages as 
above described we.s 110,000 acre-feet, or 31 percent of 
the mean, for the same period of the total tributary 
inflow. In deriving the monthly distribution of t.he 
diversion demand, that on the irriga.tion schedu· 
based on 1936 diversions of the conservancy a.. ~ 
and the original distribution figures as proposed in the 
Burkholder report of that district. The demand for 
the area of native vegetation and water surfaces below 
".he fut.rict "VS,S iist...;huted :~ !CCC'"'18.::1C') V"::'.. :cc: 

' .:noiuhiy avaporuuon ·:rom Elepnant .3uite Reservoir. 
Monthly distribution of return flow was based on 1936 

T.uiu: 88.-Middle Valley diverBitm demand on Rio Grande, Otowi Bridge to San Marcial 

(Totals and moutbly dl.m!buUon of quaritltles in the derivatlo11 of net dmnand. Un!t, 1.000 aa-e-feet ei:llept a.'5 noted] 

Monl.b 

(l} 

J1.11uaq. ·- ·---·· ••••••••••• ········-··. ·····-. -
J'ebruary ... ----·· ....••••••.•••.••••••.• ·-···,. 
Mlordl.. ••••••••••••••••••••••• ·······-- •• -----. -

ti::·.::::::::::::::::::::::::::::::::::·:::::: 
la.ne.. •••••• _ •••• -·-····· •••••• ·---···. ••••·. - --
Jilly .. -·---·--·--------· ---··· ••••••. ---·· ••• ·--
A.11£USI..-- ............. -----········ ........... . 
lieptembl!r ••••• ----····- - - --·· ·--- --- - •• - - - ••• - -
Octobl!f _ - •••••••••• ··-------- ••• --- •••• ------- -
NOTirmbcl' ••••••••••••••••••••••••••• _ •••..• ___ . 
Deaimbar ---------···-------. --------- •• ----·. 

Y!llll' ••••••••••••••••.•••••••••••• - ••••••• 

Middle Rio Grande 
COUlln1Ulq Dlstrica 

diTilll'IIOllll 

12) (3) (f) 

0 0 ···•••••·••• 
0 0 ----··-···-· 
a 11 ·····-------u M ••••.•...••. 

111 101 ---········-
Ul Ul6 ·--·····---· 
19 106 7 
13 90 7 
8 4!i a 
2 11 • --- -· •••••• 
0 ---··--····· .......... .. 
0 ----······-- -·······-··· 

(5) 

Deduct.!011 Supply 
b~~~ N ::r:r~ Demand ,----------, et :turn 

tributary Operation Slulc1t111 Drain deftcieney 
IZlflow) waste wute nituro 

(11) 

0 ·------······· 
0 ---········--· 

11 00 
M llO 

Wl IIO 
IOl5 50 
113 30 

117 15 
IL 10 
lf' lll) 

0 ·-------------
0 ············---······---·--·· 

(7) (B) (D) (10) (ll) 

2 ···--------- -····-----·· 12 10 
4 -···-···-··· ··-········· 10 6 
7 l --·-········ 3 -3 
e a -·-···--···· a -3 

12 3 ·······----· 3 -6 
12 4 --------·-·· 3 -5 
9 4 7 3 5 
7 3 7 3 ~ 
e 2 n 3 5 
3 •••• ·-··· ·-. -····-······ 3 -38 
4 -·-·-··-··-- ----·------- 12 
2 --··-·····-- ····-·····-- 12 10 1-----1----1----

30 llll llll 70 30 
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records for interior drains. The monthly distributions 
d totals of the quantities thus determined as those to 

, used to give the net diversion demand on Rio Grande 
for the lvfiddle Valley are shown in table 88. 

The Eleph4m Bvite-Fort. Quitman Section.-Deriva
tion of the demand upon Rio Grande at San Marcial, 
or upon Elephant Butte Reservoir, for the area of the 
Elephant Butte-Fort Quitman section was based on 
the actual diversions and use of water in the section 
from 1930 to 1936, inclusive, as shown by a. detailed 
study of river flow, net diversions, drainage, river-bed 
losses, and arroyo inflow in four river sections from 
Elephant Butte Dam to Fort Quitman. Certain 
modifications of the requirements indicated by the 
data of this period were me.de to allow for sa.lin.ity 
control, the economy to be effected upon completion 
of the American diversion dam, a.nd the irrigated acre
age for complete development of Rio Grande Project. 
The diversion demand was also derived independently, 
by use of the consumptive requirement data of the 
Bureau of Agricultural Engineering. 

Net Diversions and Stream-flow Depletion, 1930-
36.-In a study to derive monthly stream-flow deple
tion as well as to account as nearly as possible for all 
losses and gains in the Elephant Butte-Fort Quitman 
section in the period 1930 to 1936, the section was 

· -rided into four divisions-ElephWJt Butte-Leasburg, 
asburg-El Paso, El Paso-Tomillo, and Tornillo-Fort 

..,Zuitman. Records were available as follows: River 
flow at upper and lower limits of divisions, full period; 
canal diversions, wastes, e.nd drain flow for ea.ch of the 
·Juee 1moer ,fivi..sio:ns. 1.nd ·o +.he lower 1:>ounda.ry of ::{io 
:i.r~cie· .?ro]ec·~ in :.he ,owest u.iVLS10n, jll.l penod; aiver-

sions to Hudspeth district, main canal, full period, and 
Alamo fe.eder, 1931-36; Hudspeth drainage and waste, 

1936 only. No :records were available of Mexican 
diversions, waste, or drainage. Estimates of arroyo 
inflow were used as derived in Appendix B of this re,. 
port. In the El Paso-Tornillo division it was esti
mated as one.third, and in the Tor:nillo-Fort Quitman 
division as two-thirds of the total inflow from El Paso 
to Fort Quitman. In the two upper divisions the 
differences between river in.flow and outflow, after 
correction for intervening arroyo inflow, diversions, 
wastes to river, and drainage return, were attributed to 
river-bed loss or gain. In the El Paso-Tomillo division, 
river-bed losses were assumed as half the 7-yea.r mean 
of river-bed losses in the Leasburg-El Paso division. 
This, then, gave Mexican diversions in this division e.s 
the residual after correcting the inflow-outflow differ
ences for e.rroyo inflow, net diversions, drainage return, 
and river-bed losses. Completion of the analysis for 
the Tomillo-Fort Quitman division required that the 
Hudspeth drainage and wastes 1930 to 1935 be esti
mated on the basis of the 1936 data.. An assumption oi 
relatively high river-bed losses at approximately one
fourth of the Rio Grande fl.ow below the Rio Grande 
Project gave Mexican diversions in this division e.s 
residuals of the analysis which a.re probably conserva
tive. 

In addition to the a.no.lyses above described, a.n 
accompanying study was made to determine the dispo
sition of Elephant Butte Reservoir releases by esti
mating the respective amounts of unused (first use water 
from the reservoir as distinguished from returned 
drainage originally from the reservoir) reservoir releases, 
1.r,0yo :nflow 1nd "ir~age r,.etur:n :.ncluded :n -,he :iet 
J.ivers1on.s ii.no river losses, and in the river flow passing 
the lower station of each division. This necessitated 
cert.a.in assumptions with respect to the effective 

T.un.E 89.-&tima.ted net Rio Grande Di1.1errions OIi Me::eieo, JtJ.Mei: to Forl. Quitman, 19SO-S6 1 

f(J'11U, llfflomt) 

Month 1820 I lll3l um 1933 11134 I 1935 I 1936 I I s~inoo Mean by Mexican 
treaty 

JUAREZ TO TORNILLO BRIDOE 1 

~':=,. ~:::::::::::::::::::::::::::::::::::~::::::::::::::: 2, ~ l, oo& 
March .. --------------.--------------------------·------------ 2. 000 J: = ,. a t, CIOO ,, 700 4, llOO 1,500 

ll, !500 1, !500 7,100 a,200 2,700 
2,000 ll,600 
2,800 ll, 100 

7,IDl 1!.lfOIJ 12,141 11.400 6,100 4,000 

!f:::: :::::::::::: :::::::::::::::::::: :::::::::::::::: ::::: ~t 5 ~~: 
Jnty........................................................... 17,11(1(1 t: 

8,800 18, 84111 11,900 U.llOO 10,700 
7,600 Ill, llOO lll,500 17,200 lll,400 

13, llOO 20, «IQ Ul, 700 20,JOO 21,lilOO 

11,500 
11,200 11, l500 
20,100 Ul,000 
16,200 17, BOO 

17,900 22, l500 111,IIOO 21,l!lOO 27,100 18,200 

=her.:::::::::::::::::::::::::::::::::::::::::::.:::::~: ;t = I, ffl) 
Ocl.ober ____ ................................................... 8,200 1,: 

IS.WO :k,900 

-800 
28,400 40,000 

U,1!00 111,400 12,300 8,000 11,600 
11, IIOO 

20,700 
20, IIOO 24,300 
6,300 ll,400 

uoo 10,200 O. llOO 4,200 
Nm ember.................................................... II. 200 

0 Dflllembff ..•. _.,_ .................. · .......................... 1 _ _...;4•_000_1 __ _:__1 _ _..:.._1 _ __; __ 1 __ _..:.._r----l---'--l----1----
6,000 

11,fOO 11,eoo 10. GOO i, llOO 1,fOO 
6,600 7,400 8,900 4,600 1,000 

7,000 
1,700 i,IMICl 

100 4,MIO 

Y11111 .................................................... 102, IIOO 80,000 111,900 113,500 152,100 W,IIOO 151,800 l(fi, :,00 130,11(1(1 

TORNILLO BRIDGE TO FORT QUITMAN 

Year.-.............................................. -j ci,ooo I ao, ooo I 111,000 I ca.coo I 11,000 I :zs.ooo I 35.IDl I •6.ooo I············ 
, Eut!matee d,irlved • !'IIS!dm.ls alter •=t!DR far all other 1- IIIZ)d pim ID rl1>"er 1111:tlou. Jn amirdanee with probable 80l'W'loC'll' md a:te!lt o1 DeCl!SSIU'J mumptloD!I, 

atlma-tes r« Ul1J)el' ~ an eouidaed re&90llabl7 £1)0d; th- fm lowar RCtlOll ODlJ" fl.tr. 
J llleludm Guadalupe CIUl&l ~ ;o Mcu:o. . 
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100 

Dhislon « Item 

---------1----I·--- ---------
Rlruxna •••••••••• ··-·-·--······ 8. ! 
MalillL •••••••••.••••• ·-· ••••• 411. 4 
El l'llo--·-····-·······-···--· 1&.4 Upper El Paso (Franklin 

canal) .••••••.•.••••••••• ____ •••••••••••• 
Lower El l'uo (Toruillo CIUl&l) ••••••••••••• 

ln.5 2.1 f0.3 100.0 
89.8 2.8 7.4 100.C,l 
... 4 •••••••••••••••••••••••••••• 

01. 5 
18.2 

U.l 100.0 
67. 7 100. 0 1----1----1---1----

Rlo Grode Project-___ 73. 3 711. 8 IL O 17. 2 100. O 
Rodli»tb.... •. ••••••••••••••. 2. 2 a 11 e. l eo. O 100. O 
J11111'82, (Mui.co)............... 11. • G. 5 6. 4 45. l 100. 0 
Upper J-.................. ............ 611. 3 I. l 38. G 100. O 
i:.o....-1-1 .........••• ····-· .••• •.••••.. 2t. 4 11. 8 63. 8 100. 0 
Riverbed lmses... •••••••••••• 112 .......... ---------- ·--·------ ··------
Pasmr Fort Qu.itman. ••••••• i.11 l7.2 H.8 118.0 100.0 

Total................... 100. 0 .•......•........... ···-······ ·-······ 

I D~ from Ntll!'ll9d ~ arl&ID&IJJ lnlm tbli -,.oir. 
I lD1'lllbl611m11ilon w river. 

Eltl.m&te5 1-d on detail study oC iLll a,.U.bl,t daSa, 1!!30-36, on river Jlo,i,, r19er. 
volr ~ diveralaDS, ....a.u. dnLID llow, 11.Dd llffll:l'O IDJIOW. 

T.uitJt 91.-ANrage mt diHraioM and m'ICm-ftoto depktion in 
dimiom of Ekphant Butu-Fim Ouitman atdiofl, 1950 to 1956, 
indu.nr,e 

[Unit 1,000-reetJ 

D!Tlslon 

:lluu,on. --···- - ••• ···-·· ···---·········· 
MISllla •••• -------········. ---·········· 
El Puo ····-·-----------------------

Net diver-
alons 

1ST. 0 
3il7.8 

I 242-1 

Dr&lnap 
retlll'D 

1$.0 
192. 9 
127. 7 1-----1---

706.V IM.6 
~.~ 17.0 

131 -------------... 
411 .......................... 

Rio Grande Pro,lect ••••••• ·-····· 

ff:~~ '·. ---------······-·· ---·. 
Loffllr lllllU ·-. -----·····-············ 

Sb'elm.flow 
depletion, 

82. 0 
:l04. 9 
114. t 

'3lll. 3 
ll!U 

m•vm-- ..... - .. -·--............................... 

' Note that from llatuf'e o! dar!Tlt!OD (Dtlt dlTinious Id ~1 thne stream· 
!nw ~.Jlp!.otJon W!J'eS do ::o~ Jnc.iude nver -:ed lOl!lle!I, • 

,;)per J:l ?:,so .Uvwon ~10.":Tl'.l ana lower alVU1<1D l Tcnu.ll<I anrul ~1. .-00 ~it!et. 
' Rlcoraa o! waste md dralll8.~_onl7 ava1laole iCII' 111311, otber rears 11Stlm.1ued. 
• Me.xican diversions llet- El Puo and Tomll.lo, IJl!ltlmated bJ eUlnlnatJon. 
1 Mexican dhemom betnen Tamlllo 11.1:1d Fort Quitman, est.!mt.ted by ellmJ.Da· 

tioD. . 

Rio Grande. Joint Investigation 

amounts of arroyo inflow a..n.d dmn!!ge return in each 
division and these were mo.de to conform· as closely a.Q 
possible with actual physical limitations and know. 
operation practices. 

Summaries of the data derived by these studies a.re 
given in tables 89 to 92. Table 89 shows the estimated 
net diversions by Mexico and indicates a. mean annual 
diversion, 1930 to 1936, between Juarez a.nd Tomillo 
Bridge, of 71,000 a.cre.-feet in excess of the treaty allot
ment. In a.ddition, Mexica.n diversions between Tor
nillo Bridge a.nd Fort Quitme.n a.re roughly estimated 
at close to 50,000 a.ere--f eet, ma.king a. total diversion 
of a.bout three times the treaty" allotment. There a.re 
probably no diversions in January a.s table 89 would 
indica. te. However, since the diversions were derived 
as residual. quantities, the mee.n a.mount shown for 
January of 3,500 acre-feet1 or less than 3 percent of the 
mean annual diversion, is well within the limit of error 
to be a.nticipated under this method of a.na.lysis. 

Table 90 shows the estimated percentages of unused 
:reservoir water, arroyo inflow, a.nd drain flow in the net 
diversions to the various divisions and in the flow 
passing Fort Quitman; also the mean percentage of 
total reservoir :releases distributed to each division. 
It j13 indicated that the water to lower El Paso division 
(Tor:nillo Canal} lS only 38 percent unused reservoir 
water, while that to upper El Paso division (Franklin 
Can&!) is 62 percent. Of the total reservoir releB,S/ 
the Rio Grande Project is shown as receiving , .. 
percent. 

Tables 91 and 92 give the data on net diversions 
and stream-Bow depletion. For the Rio Grande 
. ?~oiec7j ~,he ·meu.z1 mDU:i. i~piet:un~ : S3V-- ;u. ~ :..jii-' 
ca.ted to have been 351,000 a.cre-ieet, or 2.58 acre-feet 
per a.ere irrigated. It ·is to be noted tha.t from the 

TABLB 92.-Btrecm-jlow depklion and aeroa.ge irriga.ud, Rio Grande Pro;'ect, by dimiona, 1930-36 

Ilml Ul30 11131 11133 1930 

IUNCON DIVISION 

St.mlm•ft01f depletion., acn-feet ••••••••••••••• -••••••••••.. rzs»I 27,IOO K~1 ~~1 41.~ I ~~1 ~~1 32,000 
ACl'Hp l%11pt«I _____ •• -••••••·-------• - • - ·- •• ---------·- - 11,702 11,Mil 12, 4113 12, 2&'3 12,ffl 112.~ 13, 6211 12.W 
~~Pf'?-·················-··········· 2.M 2.(111 2. 78 2.31 a. 27 2.M 2. 53 

MESILLA. DIVI.8ION 

81:reimi-Do,,t depletion, a.cn-l111et. ·····-···-·-·-·············I *,100 numl •1001 21.t), 1IOO -~1 1:11. 600 I 1~~1 llOI, goo 
.A.c:nlqe lnlpted ______ • ________________ •••••••• _ ··- - ---···· 71.873 'ffi,'1'2'l 7\7: 'l'l',061 tll,006 82, I?~ 74,813 73, 7ll6 
Depletion, a,:re-feet per-. ..•. -·····--------········-··· :S.li 2. 79 2.74 3.04 2.12 2. 45 2.IIO 

EL P ABO DIVIBION 

=~;:.::~:~::~::::~~~:::~.~:~:::::::I. ~-1 l05,IIIIOO ll.T6,fi1Xl 100,~ ~&001 ~D1 12'. &00 I 114,400 
s.m M,MI 41,ffl 411,862 47, 711 •• 611,460 .50.344 

2.4' LG& Ul 2.13 2. 78 J.114 2.47 2. 27 

BIO GB.A.ND!: PROJ'EC'l' 

s~ depleCiaD, ......-i .. ----·--·------------····-·I a.a M7,ll00 •u•I M.6,&00 ~~1 2>&1,400 ~01 8.51,. 
AllNll88 ~---· •••.•••••• ······-········ .• ··------ 1",l!O'I' le&.SO m,4'11 ffll. DI 1211, DQ2 121,075 lJl!, 001 136 

Depjetkm, --.,.. --···-·~·-········---··· •••••• 1.113 2. ,1 lUl. 2.d 2.Q? 2.04 2.,1 
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' 
f 

TX_MSJ_000132



nat~ of the derivati@ of this stream-flow depletion 
(net diversions less drain flow) it does not include 
river-bed ]oases. Mean unit depletion figures shown 
for the three Project divisions are: Rincon, 2.53; 
Mesilla, 2.80; and El P.o.so, 2.27 acre-feet per irriga.ted 
acre. 

Diversion Demand.-The demand upon Elephant 
Butte Reservoir to be assured for the Elephant Butte
Fort Quitman section was considered to be that re
quired by Rio Grande Project and fulfillment of the 
Mexican treaty obligation under the conditions which 
will prevail upon completion of the American diversion 
dam and extension to it of Franklin Canal, a project 
now under construction. By this development the 
60,000 acre-feet :required to be delivered to the Mexi
can Canal will be released to the river below the new 
dam so that it may be diverted as at present by the 
international dam. All other river water (except 
local flood waters) will be diverted to Fra.nkliD Canal 
by the American dam and carried to a point below 
the international dam where the water for Riverside, 
HanBen, and Tomillo Can.al headings will be spilled 
back to the river. Under this arrangement the Mexi
can diversion at the international dam will be definitely 
limited to 60,000 acre--feet, and, assuming th.at the 
estimata of diversions by Mexico in the past u given 
in table 89 are reasonably correct1 this mes.n.s an aver
ige anDual saving of about 70,000 acre-feet. In the 
sootion from Juarez to Tomillo Bridge there is a.not.her 
Mexican ca.nal, San Augustine, which heads above the · 
Hansen and Tor:nillo headings and which will, there
fore, still be in a ~sition t-0 divP,rt from .. ,he :-ive:r. :t 

· .. 3 i .,filtlli · 'rul&1. · .c.O'V9Ver, Wfilparea u0 ~be dcequia 
Madre at the international dam. The present oppor
tumty for diversions by other Mexican canals at lower 
river points will not be cba.nged, but any diversions 
below Tomillo he&ding a.re from wastes and return 
waters. As the new arn.ngement makes no change in 
the delivery of water to Tomillo beading via the river 
ch&.nnel in.to which drain.age is discharged above the 
heading, no change in the quality of the water diverfAMI 
at this beading is to be anticipated. 

Assum.mg continued use of arroyo inflow and drainage 
return as in the 7-yea.r period, 1930-36, the net diver
sioD of reservoir water to be assured the Rio Oro.ode 
project, ta.king the mean of 7 years of past diversions 
as a criterion, is given by the data of tables 90 'and 91 
as follows: 

MeaR IMC ~ of unuud raffllflir waur, 19$0-SIJ 

Mrl-f• 
Rmeon divwon _____ ----. --- - -·. -- - -- - .• ------. -- - 86, 300 

_ Meaill& divwon •• -------------------·----· ------·- 3li7, 400 
"'1 Pa,o division •••..•••••• ___ •. -- _ ..• __ .... __ •..•. · 141, 400-

Bio Grande Project------------------------- 564.100 
21U 88 8 
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This was the net div~on for a.n average irrigated 
&rea on the project in the 7 years of 136,000 acres. 
The range in acreage irrigated in that 7-year period, 
as shown by table 92, was from a minimum of 1201000 
in 1935 to a muimum of 145,000 in 1930. The figure 
for 1936 of 139,000 is close to the 7-year mean. Data 
obtained from the Bureau of Reclamation show a 
variation from year to year in the figure given for net 
irrigable area of the Project. The variation is small 
and is largely due to progress below El Pa.so in the 
river channel rectification. program of the International 
Boundary Com.mission and consequent changes in 
sovereignty of lands exchanged between Mexico and 
the United States to maintain the international 
boundary in the center of the rectified channel. Taking 
a round figure of 175,000 acres, which is close to the 
average of the figures reported for the 11-year period 
1926-36, the me.xim.um irrigated acreage of 1930 was 
83 percent and the minimum of 1935, 69 percent, of 
the net irrigable acreage. Experience has demon
strated that the acreqe irrigated in any one year 
on a fully developed irrigation project ra.rely exceeds 
90 percent of the irrigable area and generally ra.nges 
from less than 80 up to 90 percent. For the Rio 
Grande project it was considered that the maximum 
irrigated area of 145,000 acres could be taken as 
representing the :irrigated acreage under full develop
ment. A comparison of annual reservoir releases 1930 
to 1936 w:ith the irrigated acreage of the project in the 
same years would seem to indicate that increase or 
decrease in the amounts of water released has had 
little ".lr p.o :elat~on :o :he :.na.r..ges ::mm ;~az. :..o ·-Y'~a::

. :.n :be irrigated ll£rea.ge. Apparently the :releases 
have been strongly influenced by other factors, such 
as arroyo irulow, precipitation, nature of crops, and 
impendmg water shortage. However, in order to 
assure an adequate diversion demand for an irrigated 
acreage of 145,000, the previous figure of 564,000 
a.ere-feet for net divemon of unused :reservoir water 
was increased by the ratio of 145,000 to 136,000, giving 
6001000 acre-feet. This neglects the fact that any 
increase in the irrigated acreage over the mean of the 
past few years would, as sho'W'll by the 1936 survey 
and report of the Bureau of Agricultural Engineering, 
probably constitute a substitution of present water
consuming areas of native vegetation and hence involve 
no material increase in consumption. 

.An addition of 65,000 e.cre-feet to the net diversion 
:requirement to allow for operation and other wastes 
indivertible by the project wu derived as shown in 
table 93. 

River-bed Jouee above Tomillo Heading of unused 
reservoir releases, another addition required, were 
derived for each. division as the residual quantities 
after the reservoir wat.er in net di versions was sub-

CO- 003053 

TX_MSJ_000133



102 

t.racted from the differences between the a.mounts of 
reservoir water passing at upper and lower river 
stations of the division. The mean losses, 1930-36, 
so derived were 30,200 acre-feet in Rincon division, 
26,800 in Mesilla. division, and 6 1500 in El Paso division 
down to Tomillo Heading, making a total of 63,500 
acre-feet. 

Using the figure of 61.5 percent shown in table 90 
for the percentage of unused reservoir releases in the 
river water a.t El Paso, the release of reservoir water 
required to supply the treaty allotment of 60,000 
acre-feet to Mexico becomes 37,000 a.cr&-feet. The 
:remainder is made up from drainage return and arroyo 
in.fl.ow. 

The items ma.king up the required diversion demand 
on Elephant Butte Reservoir, as developed in the 
discussion t-0 this point, are: 

Net divemons for Rio Grande project irripted IIC?"eage 
of 145,000 ___ ---- ____ --- __ -- _ -- _ -- _ - -- --- --- --- 600,000 

Rio Grande project wastes ________________________ - 65,000 
River-bed l0118e8 above Tornillo Heading _______ - ____ - M, 000 
Fulfillment of Mexican treaty obligation •• _ -- - __ -·-· - 87,000 

Additional Requirement for Salinity Control-As 
presented in a previous section of this report, investiga
tion of the qu&lity of water in the Upper Rio Grande 
Basin has ah.own increased co1u~entmtions of salt in the 
irrigation and dninage water in the downstream 
direction such that, where&11 the.average concentration 
of the imgation water at El Paso at the head of Frank
lin canal, as shown by electrical oonductanee, is 127; 
the concentration at the head of Tornillo-cana.l in the 
lower El Paso Valley is 212. The ma.rked increase 
between these two points is of course due to the heavy 
depletion of Rio Gmnde flow in the vicinity of El Paso 

and the influx of drainage to.. the river j!!_st above 
Tomillo Heading. The percentages of unused reser
voir releases in the river at the head of Franklin &n1 

Tomillo canals, as shown by table 90, are :respectively 
62 and 381 and it is to be noted that the ratio of these 
percentages is almost exactly equal to the inverse ratio 
of the average conductances of the water at the two 
points. 

The water users of the lower El Paso Valley have 
compla.ined of dam.age to crops wd have attributed it 
to high salt concentrations in the irrigation water, 
particula.rly in such a year as 1935, when, following the 
dry year of 1934 and resultant low level in Elephant 
Butte Reservoir, diversions and waste were definitely 
reduced in fear of an impending shortage. Table 94 
gives the net diversions and acreage irrigated in upper 
El Paso Valley under Franklin and Riverside cane.ls 
and in the lower valley under Tomillo canal for the 
yea.rs 1934, 1935, and 1936. Data on the irrigated 
acreage under Tornillo ca.na.1 for earlier years were not 
available. This table shows the reduction ma.de in 
1935 in the diversion per acre in both upper and lower 
sections of the valley. It shows also that there has 
apparently been no greater unit application of water 
made under Tornillo canal for the purpose of roiniroizing 
the effects of higher salt concentrations than in upper 
El Paso Valley. 

I 18\14 I l~ I lDU I Mean 

Net dlTill'lllalla,-total s«e-lllM. _____ ••••• 226. 800 174,700 2)2.000 :!01,200 ACl'illlql!impted •••••••.• __ ·-············1 t0,81111 !19.87~ I 42,'1761 •1.157 

Ai:n-feei per lmpted ---·----·····-·· 8. M 4. 118 4. 13 4. 89 

LOWER l!L J'.ABO VALLEY-'l'ORNILLO CANAL 

A~~---···-·-··-·--·-···---- 11.1192 Net dJ~total IMD-fl!l!'t. __________ 18. IIIJO 
Aare-feel per ~ .ere.-·-········--· 8. 611 

In accordance with the data and discussion of 
quality of water in a. previous section of this report, high 
salt concentrations in the irrigation water must be 
offset by greater applications of water to the land, if 
the concentration of the soil solution in the root zone of 
the plants is to be maintained low enough so that the 
plants will not suffer. With respect to sueh control it 
was ste.ted that the indefiniteness under present 
knowledge of the quantitative fa.ct.ors involved lead :in 
this report to more .or less arbitrary assumptions as to 
the amount of additional water needed to be applied to 
ma.inta.in a satisfactory salt balance. Furthermore, 
after due oonsideration of t.he available information 
regarding adverse salinity oonditioDS in the valley 
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below El Paso, it wu determined to assume the need 
for euch a.dditiona.l water only in the area of the Rio 
Grande Project that lies Wlder Tomi.Do canal. 

It is infuted that the average salt concentration of 
the wa.ter available for diversion at the Franklin and 
Riverside headings is with.in the n.nge of permissible 
amounts. At the Tomillo Heading, however, con
centrations are claimed to be high enough to show 
injurious effects on vegetation. Hence, although, u 
indicated by table 94, no increase in the Tomillo diver
sions per a.ere over those of Franklin and Rivel'Bide 
has been made, it appears that some increase should be 
ma.de. 

With respect t.o the magnitude of the increase to be 
made, it seemed best to arbitrarily assume an amount 
which could be considered reasonable, pending the 
collecting of data over a number of yea.rs to determine 
definitely ita adequacy. ·The increase in diversions 
thus assumed for the Tomillo canal was 60 percent. 

From table 91 the mean net diversion, 1930-36, by 
Tomillo ca.nal was 31,400 acrE.-feet. .An increase of 
60 percent amounts to 18,800 acre-feet, makb::i.g a total 
divemion of 50,200 a.ere-feet, which is 3.2 times the 
estimated average stream-flow depletion in the Tor
nillo unit. This is to be compared with an average net 
diversion, 1930-36, to the entire El Paeo division of 
2.1 times the stream-flow depletion therein, e.s indicated 
by table 91. 

In considering this allows.nee for salinity control, 
oogniza.nce should be taken of the liberal allowance 
which was made for wastes, as shown in table 93, in 
deriving the Rio Grande Project div~ion demmd. 

· )f \he .'.3.JCO '.i.C::-e-feet :nc:aa.se :nci.ica~··:or-"I'ox
nillo canal, 38 percent, as ta.ken from table 90, or 7,100 
a.cre-feetf would be unused reservoir release. Teldng, 
then, 7 ,000 acre-feet as a rounded figure for salinity 
oon trol its addition to the previous total derived for 
the ~ual demand upon Elephant Butte Reservoir 
gives 773,000 acre-feet. This is the demand adopted in 
this report for subsequent reservoir operation studies. 
The a.n.nual demand on Rio Grande at Sm Marcial was 
derived by adding the estimated mean annual amounts 
of evapomtion a.nd seepage from Elephant Butte 
Reservoir. From data and analyses given in the sec· 
tion of this report on water supply t mean annual 
seepage L?esee were estimated at 60,000 acre-feet a.nd 
evaporation at 120,000 acre-feet. The latter 1:8J>~enta 
the mee.n for the period 1915-35. A sUlllDW'1Z&tion of 
the items included in the tot.al of the required demand 
on San Marr.w is given in table 95. 

Depletion md Diversion D~d by In~tion 
Method.-Using the Bureau of Agri.eultu.n.1 Engineer

--~ ~ data on~ a.nd estimated oo~ump~ require-
11mts u given in t.e.ble 81, and :reducm.g umt values for 

comrumption by 0.7 foot to oorreet for precipitation, 
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the stream-flow depletion r~~t for the Rio 
Grande Project area is derived a.s follows: 

.Aere&ee Unit, Tota.I ler'H!et acn-f.llet par ac:'11 

E=-1~:::::::::::::::::::::::::::: JM,s.,2 2.1 :W.000 
30. 1561 2. 7 82,!00 
2e,057 l. 9 49,.5(.0 

TCIW. ................................. . 2!], 170 .. ...... -.... -- ........ ~57,000 

T.u1u: 95.-Required annual divernon dc1ru1n.d upoo Rio Grande 
at San Marcial for Rio Orawk projed and Mmcan treaty 
obligation 

Item 

Nat dinnlom ror Rio Grande pro)eet !rrlaMed IICl'l!ll&l! 
I/IMl,QQQ............................................. l!00.000 .•.......•.... 

1Uo Onmde project 'llrllSW. ·····------················ 115,000 ····-········· B.l'i'lll'lled loaesabave Tomlllo Be&d!Dg............... M.000 ............. . 
Sallw~ OODtrol In area under Tom.Ulo canal........... 1,000 ............. . 
~ of Mu:lcl.D Trut:,- obllptiot1............. 37,000 ••.•••.•....•• 

=I~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::::::~~: =:=====~:: 
Total den:uPid OD San Mll'Cl&l.._........... ..... ........ ....•• 953, 000 

This total includes all losses in the area. To compare 
it with the Project figure of 351,000 acre-feet previously 
derived by subtracting drain return from net diver
siom1 it must be reduced by the losses, such u those 
from the river bed, not included in the 351,000 acre
feet. The mean annual river-bed losses above To:millo 
B:ead.in.g l.S ie:r:s;eci 'Jy ilie ietaii ,tudy . H' : 930-,6 
data was J0,000 &ere-ieet. Subtracting t.his from 
457~000 gives 367,000 acre-feet for the Project stream.
fl.ow depletion by the integration method, a.s against 
the 351,000 acre-feet. 

The necessary allowe.nces for drain flow, wu.tes, 
arroyo mfiow, and salinity control to derive the 
required diversion dema.nd on Elephant Butte Reser
voir, hued on the total Project et.ream-fl.ow depletion 
of 457,000 acre-feet, a.re indicated in the following 
sm1mu1,ry: 

Aa,.{ut 

Total requued .tream-ftow depletion, Rio Grande 
Project, by integration method------------------- 4151, 000 

Flow in rlver puriDg Tomillo Headb:ig in 19361 _________________________________ 117,400 

Total of a.rroyo h:lilow above TorDillo Bu.d-
lna. me&D 1930-36 •••••••••••••••• ______ M, 200 

Net river wute below project__ - • -- -- ----- --- 64,200 
Indtvertible wutea a.nd drain flow below project, oom

prilmg drain . flow and wute diachargl.ng beJow 
Tammo Bridge, wute to Me%,1.co from Guadalupe 
Caul, Tcmilllo CIUW wute~and Hudspeth divemion, 
mean 1980-36----------- _ ---------------------- 136,000 

1181 flow~ aaJmlbably:mon ~tatlve of lmmll am:idltlona tJia.n the .,.,.._...._of =irbd ~ 1.1:a !So..-~ wttb 111H. 

CO- 003055 

TX_MSJ_000135



104 

.A.t.fi•fttt 

&lmity contTol in area under Toroillo Canal i _ _ _ _ _ _ _ _ l 9, 000 
Ful.filhnent. of Mex:ica.n Treaty obligation____________ 60,000 

Total required demand on Elephant Butte :Reservoir ________________________________ 736,000 

This demand on t.ha reservoir of 736,000 acre-feet 
lacks 37,000 acre-feet of agreement with the corre
sponding demand of 773 1000 a.ere-feet as derived in the 
previous a.nelysis. If in the 773,000 1.1.cre-feet derivation, 
no increBSe had been made in the mean net diversion 
figure of 564,000 acre,.feet in accordance with the ratio 
of 145,000 a.eras, as the irrigated acreage of complete 
development, to 136,000 acres, the 7-year mean of 
irrigated acreage, the resulting summation for the 
demand on the reservoir would have been 737,000 
acre-feet; a deme.n.d practically identical with that 
derived by the integration method using the Bureau 
of Agricultural Engineering estimates of unit coru.ump
tion. Notwithste.n.dmg the implication of the foregoing, 
and in view of the fa.ct that between 144,000 .a.nd 
145,000 acres were actually irrigated in 1929, 1930, 
and 1931, and more than 142,000 m 1926 and 1928, it 
was considered that the required demand on the reser
voir of 773,000 acre-feet should be used as a con
servative estimate. 

Monthly Distribution of Demand on Reservoir.
The monthly distribution of the adopted demand on 
the reservoir we.s taken to correspond with the mean 
m.onthly distribution of total net diversions to Rio 
Grande Project in the period 1930 to 1936. Although 
this does not conform exa.ct!v to the distribution soeci • 

. 1'ec. 1·.-· "f'A '; -~qr -,,~<>A, , '"1" -;.,•• ,..... 'u' .J., ,o· ''00 - · -_ ,__ .,._,: __ ._~ •. --·Y --· ~~nve. : ,. -e , )" 
a.ere-feet to Mexico, the la.tter represents a relatively 
small portion of the total demand on the reservoir so 
that any m.odifica.tion of the distribution as derived 
for the Project, to correct for it, was considered un
necessary. The adopted distribution is shown in 

Tux.s 96.-Momhly dia'mbmion of required tu·mwu (ie1714fld on 
Bkpham Butte Re11en;ofr 

Month 

Mo!lt.hly d!!ltrfbutlon of 
dmui.Dd 

~ ·_-::::::::::::::::::::::.: :: :::::::::: :::::::::: i :: ~ 
$fill ::::: :::::::::::::::::::::::::::::::::::::::::::: :: 1: ~~ =: 
lQly ........ _______________________________ ,............. ~ ~}t =: ~=ber :::::::::::::::::::::::::::::::::::::::::::::: 1

: ~= 
E":-_::::::::::::::::::::::::::::::::::·.-.::·:.-.-.-:.- I 1:5 

Y1151' ..................... --·----------------------l---100-l---773,-000-

--
Rio Grande Joim Inwstiga:tion 

table 96. The peculiar drop in May after the heavier 
dni.ft of April is characteristic of diversions in the f 
Gr.e.nde Project and occurs in most years in all thl 
divisions. 

Uses and Reqwrements 
Other Thu Those for Irrigation 

The tot.e.l use of water in the Upper Rio Grande 
Basin for purposes other than irrigation is but a small 
fraction of the irrigation use. Such other use is repre
sented by domestic consumption in cities, towns, and 
villages as the principal, and power generation as a very 
minor, use. Omstruction which vdll increase the power 
use is now under way. As another classification, plans 
have been me.de by the Biological Survey for use of 
water for a. large mi.,,erratory waterfowl refuge on the 
Bosque del Apache Grant north of San Marcial. 

Uae by Cities, Towns, and Yillafes 

As a general average it has been observed that the 
water requirement of cities and towns corresponds close
ly to the irrigation :requirement of agricultural lands of 
equivalent ares. Hence, in mapping and tabula.ting 
the irrigated and water-oonsuming areas of the Upper 
Rio Grande Basin, the Bureau of Agricultural Engineer
ing included the area of cities, towns, and villages in 
special classification as sho\\1l in table 71, and in deri 
mg the consumptive requirements of the various units 
of the basin, as shown in tables 76 to 81, a unit consump
tion corresponding to agricultural use was selected and 
upplied .to the areas of this classification +10 cive +.heir 

" . ' - . ~ ~ -~ .... . . :,or,ru. ,!onsumptmn. '..'!i:;..cept ~o:r rn.nace 3upp.ues m .-:. :ew 
instances in some of the tributary a.reas1 the city, town, 
Md village wa.ter supplies are practically all obta.ined by 
pumping from. ground water which, in turn, he.s its 
source in stream flow a.nd in precipitation on the floor of 
the valleys. From a. basin-wide standpoint, therefore, 
this use constitutes a stream-flow depletion. By includ
ing the areas of cities, towns, a.nd villages in the total 
areas for which consumptive requirements a.re esti
ma.ted, the demands upon stream flow derived therefrom 
for the m.ajor units of the ha.sin, 8.8 developed in preced
ing pa.ragra.phs of this section of the report, have in• 
cluded an allowance for city, town, and village use. 
Hence no special consideration of this use or allowance 
for it is here required. 

Table 97 gives the area of the cities, fio'WllS, and 
villages and oorreaponding stream-flow depletion as 
derived from the Bureau of Agricultural l:Ugineering 
d&ta. Albuquerque is included in the figures for the 
Middle section, but El Paso is excluded from those for __ 
the Elephant Butte-J4'ort Quitman section. Exelu.sh 
of El Paso's use, this shows e. total annual stream-Bo, 
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depletion by the cities, t-0wn.s, and villages in the entire 
TJpper Rio Grande Barin of 21,000 acre-feet. 

While the supply for cities and towns is here treated 
as a consumptive use, it is to be observed that the 
sewage, whether raw, treat~, or spread by broad irri
gation, becomes return water as effectively as the return 
from irrigation. The aggregate a.mount probably varies 
between 60 and 75 percent of the city supply e.nd is, 
therefore, relatively greater than return from irrigation. 

In San Luis Valley the water supply of practically 
all towns and villages which o-verly the artesian basin 
is derived from artesian wells. The survey of artesi.im 
wells in the valley made by the Geological Survey in 
1936 indicated s total of 1,380 artesian wells in Ala
mosa, Center, La. Jara, Monte Vista, and &nford, with 
a total annual discharge of about 81700 acre-feet. 

TABLE 97.-&tima.ted tooter (l(ll1.8U,nplion by cuu11, ,Owm, aria 
llillagea in tM Upper Rio Grande Bcmn 

Basin u11U 

(!) (2} (3} 

ll&n Luis !11Ctio11: · 
Clolad l:oul'A-.. - ··-----·······---·---········ 1,034 0. U 880 
~-----·······--····-·········---· 4,103 .9 a, ;w ~ ---··· ···--···· •••• ______________ 1 ___ 892_1-__ ._ 11

1 
___ aoo_ 

Tou.l •••••••••••.•••••••••••.••• ······---- ·"1==11,=0'Jl=l==··=··=··=··=--l==ll.=Q)= 
.Jddl1 eectfon: 

Mlhl NIii Rio Or&11de from Colorado llllll to 
8&11 M&rdal. ····- ......................... . 

Wlllllt&lda tribut.Y)' 11Z111U .................... . 
Eclide tributary lll'IIII.I ................... . . 

Tlltll. __________ ...•..•..•••... -- -----..... . 

111,3111 1.3 11,lr.!O 
l,!40 1.0 l,MO 
2,113 1.0 :i, :no 

10,251 ....••.... !~ 
~leun:u;:: Jutt~? :r ; 1:1:t:.n!l.D ~t~on: · 1 ., ~ • -

· :San _.tarhai-:..:. :-':ua.s 3t.at.a .1ine---~----------- · J4o : J ;. ..00 
..il:l Paao w Fort Quitll:l.l.ll lll Texas ... - ••...••• 

1 
__ ··_m_~: a ~020 

· Total J. ······--···--·······--··········--·· 2,633 •••••••••• 3,420 

Total Ul)l*' Rio Onimde BUIII ;_ ·······--· ~ii. 913 ---······· 21,000 

The water supply for Albuquerque, a city of about 
34,000 population, is obtained by deep-well pumping. 
The present annual draft on the wells :is about 31000 
acre-feet, which represents an average daily consump
tion of 2. 7 million gallons. The ma.ximUJn daily con~ 
sumption in summer months :is about 6 million gallons. 
These figures correspond to an average consumption 
per capita per day of 80 gallons and a maximum of 
about 175 gallons. The city has filed an application 
with the Federal Emergency Ad.m.inistra.tion of Public 

- -..,rk.s for a. project which would substitute a mountain 
ply from Jemez Creek watershed for the present 
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pw:nped supply. As outlined in the report on-the Jemez 
project prepared by the consulting engineers engaged 
by the city, the project would com.prise two reservoirs 
on the headwaters of Jemez Creek, the Valle Grande 
and the San Antonio, with capacities of 12,000 and 
15,000 acre-feet, respectively,- and a 52-mile pipe line 
to the city diverting from Jemez Creek near Jemez 
Springs, about 15 miles below the reservoirs. The 
project is designed to deliver 6,000 a.ere-feet of water per 
year as the requirement of the city when the population 
will have doubled (estimated to occur in 1965) without 
any impairment of the natural stream-flow supply as 
now used for the irrigation of Indian a.nd other lands 
below Jemez Springs. As to the net effect on the water 
supply in the Rio Grande, of substituting the Jemez 
project for the present pumping system, the opinion is 
expressed by the project's consultants that the present 
use :is undoubtedly a draft, direct or indirect, on Rio 
Grande; that therefore construction of the Jemez proj
ect amounts only to a. change in point of diversion; 
and that since there would be practically no trans
mission losses with the pipe line, the change would 
result in a substantia.1 saving of losses by evaporation 
and seepage which occur under present conditions, in 
lower Jemez Creek and the Rio Grande, for an equiva
lent delivery of water to Albuquerque through stream 
eha.nnem. 

The water supply for El Paso, with a. population of 
a.bout 110,000, is obtained from 10 wens ranging in 
depth from 650 to 850 feet. It is indicated that the 
source of the ground water upon which these wells 
draw is •,he urecinitation rm 3.11 crn:tensivP, 'lrea •.o ~he 
1lt$t. )i *-2:l ?~o .. J.cco.tcing '.,-0 iata, '.U.T'!!JSnea ·Jy :ne 
superintendent of the city waterworks, the production 
of the municipal wellB in 1936 was 8,800 acre-feet. The 
average annual production, 1932 to 1936, inclusive, 
was 8,380 acre--!eet. In 1936 the average daily draft 
during June, the mamnum month, was 11.7 million 
galloDB, and during December, the minimum month, 
5.5 million gallons. In addition to the n:rnnicipa] wells 
there a.re many wells owned and operated by private 
industries and others. Al936survey by the city water
works indicated an annual production by these wellB of 
about 5,600 a.cre-f eet 'With a. maxim.um daily draft during 
summer months of 7 .5 million gallons and a minimum 
in winter months of 3.5 million gallons. With respect 
to the future of the water supply for El Pa.so, the follow• 
i.ng is quoted from a letter of January 12, 1937, from 
the superintendent of the city wa.t.erworb to the en
gineer in cha..rg~ of the Rio Grande joint investigation: 

We a.re contempb.t.ting the drilling and eoll.ltructlo:n of three 
additional wells within the very near future, said conatruction 
to be contingent upon the reeommendatiollll and advice which 
will be contained m a. report of a. IIIUJ"Vey of the underground water 
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l'el901ll'ee8 of El Puo and vicinity whlch wu made during 1935 
and 1936 by the United States Goological Survey. 

The records which this department bu maintained over a. 
peiod of ye&l'II indicate th&t ihe static level of om ground-water 
aupply la llowly reeedi.Dg. Thill, of course, can mean but one 
thlng; that ia, t.hat the pumpqe in this area exceeds the rech&rge. 

Should thf' irtatic level continue to drop during the nerl 10 or 
20 yeani u it bu during the lut.15 yean,, we believe th&t we aha.ll 
find it neeeaury to aeek another 110Urce of aupply. Of ooune, 
there ii but one other aouree of aupply available and th&t ia the 
Rio Grande. However, we do not think: th&t it will be neooaaary 
for WI to me water from th&t IIOW'Ce for several years, l.f at all. 

Uae for Power Pur,01es 

The present hydroelectric plants of 100 horsepower or 
more in the upper Rio Gnmde Basin are listed in 
table 98. .As indicated, the total of in.stalled horsepower 
is only 390. At the present time Caballo Dam is 
under construction on Rio Grande, 25 miles below 
Elephant Butte Dam. .As planned, the reservoir 
formed by this dam will have a capacity of 350,000 
acre-feet to serve the dual purposes of flood control
for which IOOiOOO acre-feet of capacity is reserved
and re-regulation for irrigation such that firm power can 
be developed at Elephant Butte Dam. When Elephant 
Butte Dam was constructed, gates and six penstook 
openings were built into it in anticipation of future 
power development. Without re-regulation below the 
dam, water must be released from the reservoir in 
accordance with the irrigation demand and re1eases of 
this cha.meter will not pennit development of firm con
tinuous power. With Cabs.llo Reservoir under con
struction, the Bureau of Reclamation has given tenta
tive coruriden.tion to an installation at Elephant Butte 
Dam 1f ~.5.000 kilowatts. Ouerat.ion -t~1d_i 0 s )! ·2.ij 

· · 3uraa.u.· .n.iicar,e a possfoie J.e~eiopment oi j5 m.illi~n 

Rio Gra11tu JoiriJ lnwetigation 

kilowatt-hours a.nnwilly with-ne--loss to the water 
supply of the Rio Grande project or waste. The 
tlll"8d Elephant Butte spills and arroyo inflow to Ca 
Reservoir are estimated to off set any losses due to 
increased evaporation at Elephant Butte a.nd Caballo 
Reservoirs and to mm.or spills from Cabello Reservoir 
in the winter. 

T.un.:e: 98.-Hytlroeledric plants of 100 horsepower or 711-0re in 
Upper Rio Grande Baain 

""~ .,., -· 81&1.1! Stream Operator t.'111 tor powsr ·a :e 
,::o 

.,..<i 

NwMG!co. Rio Orande (Ele, Bureau or lltdama· Open.lion or dam 100 tbant Butte Ucm. md camp. 
am). 

Do ••••••• Bmta Fe Cl'NJI: •• New M'mco Powir Standby for elty or 100 
Co. Bl!.llta Fe. 

Do ••••••• RJo Colorado .•••• Molybdenum Corpo. Mlll!D&: ••••••••••••. HO 
i'aUOD of Amenca. -Total .• --------···---.. ·--· -- .... ---mm.,.,-- ..... ..,"' .... -- .. .,. ....... --................................. ~ ......... 3W 

As noted in subsequent sections of this report, the 
Bureau of Reclamation is investigating the posmbilities 
of power development .in oonnectipn with the proposed 
Wagon Wheel Ge.p Reservoir on Rio Grande in Colo
rado and with the San Juan-Chama. tn.nsmount&in 
diversion. With irrigation the prima.ry and paramount 
use for water m the Upper Rio Grande Basin, and w · 
shortages in the available water supplies to moot c 
pletely the demands for that use, the rule rather th
the exception, the development of water power on 
these projects, or on any others proposed must, as in 
the case of the Cabello project, be so coordinated with 

" ir.ig1i.tion :'13R,1.ilieme:n :s -;!:.ac :be, _?r:rna:ry. _)OS1t10n )I 
the latter is fully maintained. 
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PART I 

SE CT ION 5.-STORAGE DEVELOP:MENT 

Present Development 

Practically all storage den•lopment to date in the 
Upper Rio Grande Bnsin, h:-· resen-oirs of 1,000 acre
fret capacity or more, has been for irrigntion purposes. 
Tables 99 and 100 list those reserrnirs in the Rio 
Grande Basin of Colorado and Kew )Iexico, respec
tively, of 1,000 acre-feet Cilpacit.y or more, ·which are 
constructed and in operation. AH of them are oper
ated solely for irrigo.tion. At Elephant Butte Dam 
there is n small 150-kilowatt power unit which is oper
ated incidentf1.lly to serve the storage works, co.mp and 
adjacent recreational area. 

Although the need for storage to regulate the water 
supply of the upper Rio Grunde and Conejos basins for 
irrig:, tion in Snn Luis Valley w.1s in die a ted in the early 
nineties, construction on any forge scnlo was prevented 
by the emburgo as previously explained. This was 
effecti,e until 1925, and since 1929 stornge develop-

. - ....,,__. ment of magnitude has been limited b.- the tem1s of the 
Rio Gr::mde Compact. As indicnted by table 99, the 
major stornge deyelopment for San Luis Valley lll.Ilds 
thu t could be accomplished notwithstanding the em-

~if!'!o-':"'" bargo, took plnre in the period from about 1908 to 1914. 
· or the presrnt totul storu2:r cnpacit.v of 30D 134 acr"-l ~ . ' ~ 
· feet in Uw Rio Grande Bnsin of Colorudo, it, is- to he 

~~;;i..._n_oted thnt. 1 ~fi,868 acre-feet cnpnci I:: is u1 t.he south
~ •. eust nren. Here the strenm flow is now folly, or u.lmost 

'' fully, regulated and utilized. The same is more or less 
\I,·- .. 

'·. ,true w1t11 respect to .A.Jamoslt and La Jara Creeks, con-
-~~olled by Terrace and La Jara Reserrnirs, respec

. ,tn-ely, in the southwest nreu. There is no storaae on 
. ~ 

the Conejos River nnd tribu ttuies o.nd thn t iu the upper 
Rio Grnnde drainage abo,e the .-alley h:1s a combined 
capacity of 130,804 acre-feet. 

The first major storage de\-elopmcnt in the Rio 
Gmnde Basin of i';ew :'.Y!exico was the Elephimt Butte 
Reservoir, completed in 1916 \\itb 11. cnpncity of 
2,638,900 acre-feet. ..\.s pre,;ously stated, this was 
built by the Bureau of Reclamation to insure fulfill
ment of the delivery ot wnter to )Iexico in accordo.nce 
,dth the trerr.ty of 19013 11,nd to furnisl~ a water supply 
for the Rio Grande Projecf The origino.l capacity hus 
been dimiii.i.shed by the deposition of silt. Do.ta on .the 
accumulation of silt and the resulting reduction in 
capo.city as giYcn in table 101 are taken from Techni.co.l 
Bulletin No. 524, Department of Agriculture, .July 1036, 

T.rn1.E l~O.-RJserroir.,_conslriicled and <.>pcrated in the Rio Grande 
Basin of ,\ cw l\.frnco, of_ 1,000 acrt-Jeet capacity or more 

! 
l ! ' 

Rcsen·~ir L?cal [' ;~":~ I Ca~~c,ty I Remarks 
· dr:unage pleted acre-feet 

_____ .,_ 1-----1--------
Elepbant Butte •• __ l Rio Omnde .• 

1

1 191G 12,:r,3, ;oo Rio Grande project, Bu· 

Childers ••••.•••••• Smith La.kc • J9l; 1 000 reau o! Reclamation. 
Costilla •. --··---··· Costilla_ ... :. IU:?O 20 ;,o Owned by Costilfa F.•-

1 

tatcs Do,·eloprueot Cn. 
llluewuler~~4~ee ~- me Bluctvalrr .. ~- l~i:r." .~i. 500 (Jwned h~,· Bluewatl"!r· 

Toltec Irrigation Di.<· 
triet.. 

Fanti\ Cruz ..•.•.•.• Santa C:ru•... l~!!'J ~. 1',(111 Owned hy Santa t'ru, 
Irrigation District. 

El Vado.--··-····-· f.:J,ama....... IV:!,, 11>~.oo,1 1/wnecl hy ,\!idd!o Rin 

I 

C.rnndo co=r•·anc,· 
District. · 

Curson •. ,.-·--·-· •. Aguaje de l~ 11,;iu ,,4.:10 Owned hy Cnrsou lrri;;,,.· 
Petatu. ---1 tion District. 

Total ce,p~~itr ••• ---···········T-······. 2J,M.9>Q ! 
t Dr silt SUt'<'CY or !933. 

TA1;1LE 9!.l.-Reservoirs coM/ru.cted and operaled in the Rio Grande Basin of Colorado, of 1,000 acre-feel ctipacity or more 

10, 
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P'lGt;JU: 33.-Rlo Orande Reservoir on R!o Grande in Colof8do. 

"Silting of Reservoirs." This shows the capacity to 
have been 2,273,700 acre-feet in April 1935, a reduction 
from origino.l capacity of 365,200 acre-feet or an average 
cn.pacity loss in 20 years of 18,000 acre-feet· per year. 

In the period since its completion, Elephant Butte 
Reservoir has accomplished the complete regulation of 
the flow of Rio Grande at Sn,n 2vforcial. Only twice in 
the period, first in l!:!20, and again in 19241 ho.s the 
water level reached the elemtion of the bottom of the 
;pillway gates. In 1924 there was some release of 
1vater in excess of project demands which might other
,\ise have been spilled. From table 24, which gives 
the storage content on the first of each month, 1915 to 
1935, it is to be noted that the lowest content since 
the reservoir filled was reached on :'.:\lny 1, 1935, and 
that it \n1.s then 436,000 :\ere-feet. 

TABLE 101.-Silt accmnulalion and capar;ily chan(}cs, Elephant 
Butte Reser11oir 

' ! I 

Reser.-oir 
I Silt .Average 

Time deposit silt 
Data or Period cos-crcd in capacity ill depositlon 
surse-ey years in acre- Bet"e- peryeN 

leet feet in acre-
rec: 

I 

Ori~lna.l sur;e~·- •••••••••••••• 1 ........ 12, 638,860 
I 

1903-08 
1916 JanU$.r, IOIS to0eC1!mbcrl9!6.

1 
1. 91 2, 5.S,\,865 53, g9; 28,ZiO mo December rn16 to .\ugust l~:l!l.. 3. 6, , 2, ~w. s.;o So, 015 23,437 

1915 August 1920 to .\ugwc 192.5 ••••• ! 5. 00 I ~. 407. l:!S !H, i:?5 IS,:J.15 
1933 An:;ustl9151o .-1.pril\93~---·· •. , 9. 6, j 2, 273, u;-4 133, t51 13,601 

J'nnuary !VI5to ,tprillno .. J w.1s j ........... 365, IS5 IS.OM 

The other rescrrnirs listed in table 100 nrc on tribu
tarv streams nnd \\ith the exception of El Y ado pro
vid~ more or less complete regulation of flmv. .As 
shown by table 17 -1 of Appendb: A, the estimated mean 
annu:il run-off of Rio Cho.ma above El Vado Reservoir 
is 329,500 ac1:e-foet. The extent to which this flow 
mny be regulated by El Ya.do Reserroir is indicated in 
a subsequent section of this report in which nn opera
tion studv of the reservoir is m:i.de ns o.n incident to an 
ann.h-sis ~f the effect on 1.fiddle and Elephant Butte-

-
Rio Grande Joi1Jt lnrestigation 

Fort Quitmun sections of present irrigatfon ckn!op
ment in San Luis Yalley and gin?n di,ersion dem:rnds 
in the two sections (Conditiot :Xo. 2). It is found thn.t 
in the 25-year period, 1911-35, the reserrnir would hn.,e 
spilled in every yeo.r except 1931 and 1934, and tho.t 
the a.,erage annual spill for the period would ho.,c been 
206,000 acre-feet. 

At the present time, a. dtlm is tmder COP.struction on 
Rio Grande about 25 nill.cs below Elcphnnt Butte Dt1.m. 
This "ill fonn the Cabn.llo RcscrYoir of 350,000 ncre
feet capacity. As plo.nnerl by the .A.mcrico.n Section of 
the International Boundarr Conuvission and the Bureau 
of Reclamation, the latte~ o{ which is superd.s.ing the 
construction of the dam, the purpose of this resen·oir 
is to provide (1) flood control for the arroyos bet,ween 
Elephant Butte and Caballo, (2) control rmd stabiliza
tion of the river chaIU1el as now rectified below El Pnso 
and a.s planned to be rectified from Co.hallo to El Paso, 
and (3) re-regulation such that firm power may be 
developed at Elephant Butte Dam. 01 the total 
capacity, 100,000 ncre-feet is to ho reserved for flood 
control. 

Proposed Development" 
. Colorado 'Projects 

As stated by represent.ti.fr,·es of Colorndo, the major 
problem concerned with water utilization in. San Luis 
Valley is pro-vision of sufficient storage capacity to so 
regulate stream flow that diversions may conform to and 
parn.llel the irrigntion demn.nd of the fonds that nre 
now irrigated. This applies chiefly to the upper Rio 
Grande and the lands served by di"nirsions n boYa 
Alamoso. and to the Conejos River and tributaries an<l 
the lands irrigated thereunder. For reasons preYiously 
explained, this major problem is not concerned with 
storage in the southeast area, in the closed basin, or on 
other streams of the southwest area. Except for the 
regulation provided by the 131,000 acre-feet of storage 
capo.city on Rio Gmn<le, the lands under Rio Gmnde 
and Conejos River and tributaries are dependent on 
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the run of the strenm. ~ls a result, seasonal water 
shortages occur nen.rly eYery year and there are frequent 
occurrences of se,ere annual shortages. The la.ck of 
conformity between tbe monthly distribution of supply 
nnd di-,ersions and the ideal irrigation demand is 
indicated by table. 10:? and figure 36. The monthly 
distribution of these quantities is given for Rio Grande 
nbo,e Alamosa. for 1935, a. yea.r of 97 percent normal 
run-off, and for 1936 when the run-off was 67 percent 
normal. In the distribution of diversions a. segregation 
was made for the Farmers' Union canal of theSanLuis 
Valley Irrigation District. This district owns and 
opcro.tes the Rio Grnnde reservoir and has, more 
nearly thrm other systems, sufficient storage to regulate 
supply to irrigation dem!l.llds. The distribution shown 
for ideal irrigation demand is that developed !l.lld used 
by R. J. Tipton, consultant to the Colorado St::i.te 
Engineer, in a manuscript report of March 1930. It 
was derived from an extensive compilation of the 
diYersions by Farmers' Union canal and other canals 
hnving old priorities and from the· distribution of 
demand in other comparable regions having adequate 
storage control. As indico.ted by figure 36, there is a 
wide divergence between the water supply and the 
demand in July and August, and even in June in a 
year of low run-off like 1936. In the case of the 
Farmers' Union cannl diversions, there is a better 
approach to the ideal.demo.nd in these months, but there 
was still a heavy overdiversion in June of 1935 and 
throughout the spring of 1936. In the Conejos area. 
the lo.ck of conformity is more pronounced. With no 
storage whatever and tho spring run-off goneroJly cul
minating earlier than on Rio Grando, there is a very 
large overdiversion in tho spring months and o shortago 
in the summer months. Early in the history of irriga
tion in So.n Luis Valley the necessity of utilizing the 

-
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run-off of the streams to greatest possible o.dvo.ntagc, 
combined with favorable soil conditions in the ,vestem 
portion of the valley, lead to adoption of the subirriga
tion method which ha,s pre,ailed Fer since. By this 
method the spring oYerdiversions are lnrgely used to 
bring up and ma.into.in the ground wo.ter close to the 
plant roots. As far as it may be so effective, this 
constitutes o. substitution of water storage underground 
for surface reser.oir storage. It results, howe,er, :in 
an excessive consumption of water, particularly in the 
central and eastern portions of the closed basin, where 
the high water table feeds the transpiration of a large 
area of native vegetatior .. 

In order to assure a seasonnl distribution of water 
supply in accordance with irrigation demand as well as 
to provide carry-over storage to reduce annual short
ages, the water users of San Luis Valley under the Rio 
Grande and_ Conejos River have for many years pro
posed certain· major storage de,elopments on these 
streams. As a part of the Rio Grnnde joint investiga
tion, the Bureau of Reclamation undertook an investi
go.tion of these storage projects, and o. progress report 
thereon was submitted :in ;\latch 1937. Investigations 
of certain of the projects were continuing at this ,..-rit
ing, June 1937. Final data and result.s are incorpo
ratedin Part V of this report. The following par~uro.phs 
summarize the results of this in,estigation as presented 
:in the March 1937 progress report. In a subsequent 
section of thls report on the osailability and use of 
water under given conditions, analyses are made of the 
effect on San Luis, j\fidd.le, nn<l Elephant Butte-Fort 
Quitman sections of tho prospective opcrntion of these 
reservoirs under variou$ combinations of storage and 
irrigation draft. 

Wagon Wheel Gap Reservoir.-Tlrn site of this reser· 
voir is on the main stem of Rio Grande 32 miles nbove 

TABLE 102.-Comparison of monthly dislributi011 of u:aler supply, diversions, and ideal irrigation demand, Rio Grande and Conejos Rfrer 

.\fonlh 

I 

I 
I 

Rlo Grande above .\lama.so 

1935-Run-olI 9- percent normal ' llll6-Run-off 67 percent normal ' 

Rio . }JI I 
Ideal Rio All I 

Iden! Grande diversions Diversion Grande ~-·mr=·· near less Farmers' Jrrign-
Deal' 

le.ss Farmers' !rripB 

Del Farmers' Union tion Del Farmers' Union tlon 
:-;o,te Unlon caxmI 

1 

demand Norte Union cannl demand 
co.nnl co.an! 

:S!onthl, qu~ntith;; in ~rc~nt or ~cason"l 

Conejos River and Tributaries 
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. ~~ir I Con-Di-.er- sump· 1710~· 
trlbu· sions 
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I I I 
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Del Xorte, Colo. The dam site is about 9 miles south
east of Creede and the Creede branch of the Denver & 
Rio Grande TV estern Railroad runs directly through it. 
The investigation as reported was limited to 11 surrey of 
the dam site, geological exploration and drilling, and l1 

preliminary plan upd estimate for a reservoir vd.th o. 
capacity of 1,000,000 acre-feet. The normal water 
surface elerntion for this capacity is 8,773, and the 
resen·oir area at this elevation is 8,500 ncres. Land in 
the reservoir ttrea is largely, if not ·wholly, privately 
owned. The geologicoJ investigation of the reserrnir 
gives no indication of unsatisfactory conditions. nor
mal seep and spring occurrences indicate a. water table 
tributary to the river and the volcanic rock and compact 
Creede sedimentaries filling the older Rio Grande Chnn
nel and mantling the basin indicate that little, if any, 
reservoir seepage could occur. At the dam sJte the 
walls of the canyon are sheer. The rock formmg the 
foundation and abutments is o.ndesite or latite, massive, 
hard, and competent. In the center of the canyon 
drilling has shown an SO-foot depth above bed rock of 
boulders, cobbles, gravel, and sand in a loose, porous 
deposit which it would be necessary to remoYe. The 
site is well adapted to a concrete-arch type of dam. 
Studies and estimates ,vere made for a concrete gravity 
dam as well as for other sections of arch do.ms.· .Ample 
deposits of sand and gravel of good quo.lity are located 
both upstream and downstream from the do.msite. The 
dam for ·which the estimate is reported is of the con
stant angle arch type1 1,200 feet long at the crest with 
o. ma."\'IDlum height of 430 feet above the foundation. 
A straight uncontrolled overflow type of spillway 140 
feet long at crest elevation 10(8,773 would b~ located :i":1 a 
saddle approximately 560 feet from the rii. :, ai::u Lmr:, t. 
With the water at its rnn...-nmum elevation of 8,780, or 7 
feet over the crest, the spillway capacity is 10,000 second· 
feet. Discharge is to a natural channel leading to the 
river approximately 1,500 feet downstream from the dam. 

In ~he plans for the dam pro,ision is made for a 
future power installation by placing two 19-foot di
ameter tunnels with plugs through the dam for a later 
installation of twc 13-foot diameter penstocks. The 
estimated cost of the dam, exclush·e of cost of power 
plant1 rights-of-way, highway and railroad reconstruc
tion, and property dnmuge, is $9,417,255 or $9.40 per 
n.cre-foot of storu.ge. The W a.son gage on Rio Grande 
is within the reservoir site, and as shovm by Table 12i 
of Appendix A the estimated mean annual run-off, 
1890-1935, ~t Wason is 450,600 acre-feet. The drain
age area. above "\Vt).son is 700 square miles. Above the 
dam site it is 75J squnre miles, or 107 percent of that 
,,hove \Ynson. · The mcnn- mmuul run-off at the d:.un 
site was w.ken as l Ori p.:;_.cen t of tlin t n t \"f ason, or 
473i000 acre-feet. 

113 

Summary of data, ffagon ff heel Gap Reservoir 

(Concrete ~rch, corutant nngle typo, dAmJ 

Stors.ge capacity_ ••••• __ ••• _________ -.-acre-feet_. 1, 000, 000 
Spillway capacity ___________________ second-feet.. 10,000 
Regulated outlet capacity at 67-foot head ____ do~--- 5, 000 
Elevation top of dam-·-··----------------------- 8, 7SO. 
Normal reservoir water-surface elevation___________ 8,773 
Ma:rimum reseTYoir water-surface elevation ___ - -- - - 8, 780 
River level_ _______ .----- __ • ________ -------- __ -- 8, 440 
)la'.l'.imum height of dam above bedrock ______ foet__ 430 
Total estimated cost of dam 1 ______ _. _____________ $9, 417,255 

Estimat-ed mean annual run-off to reservoir, 1890-
1935_. _______ •• ______ • ____ ._. ____ •• acre-feet.. 473, 000 

Drainage .area •• ________ • ____ ••• ___ square miles_ - 751 

, ticlusive of right-of-way, power plnnt, nnd reconstructloo o! railrond :ind 
highway. 

"Vega Sylvestre Reservoir.-The Vega Sylvestre Reser
voir is generally considered as an alternative for the 
Wagon 1\-n.eel Go.p Reservoir. The site is on the main 
stem of Rio Grande about 17 miles above Wagon Wbeel 
Gap. There are several important tributaries between 
the two sites, so that the mean annual run-off, 1890-
1935, of the 528 squu.re miles above Vega Sylvestre, 
estimo.ted at 344,000 acre-feet, is substantially less than 
tha.t at Wagon Wheel Gap. Estimates and designs as 
reported are for a capacity of 240,000 acre-feet. This 
is the capacity/that San Luis Valley interests had tento.
tivefy selected as best suited to valley .needs. lviuch of 
the reservoir site is a moun to.in meadow used for pasture 
and ~""ild hn.y. Colorado State Highway No. 149 from 
Creede to Lo.ke City passes through portions of it and 
reconstruction of appro.ximately 7 :miles of this highway 

' would be required. Geologico.l investigations of the 
reservoir show that the indicated underlying Creede 
silt.stones are heavily mantled with river and glacial 
terrace gravels. These detrita.l materials are unconsoli
dated and extremely porous, so that ground storage of 
some magnitude may be expected. However, there is no 
reason to suspect an unsatisfactory reservoir basin. 
K ormal spring and seep occurrences indicate a water 
ta.ble tributo.ry to the river, with remote chance for an 
inclined or perched condition. Geologically, the dam 
site must be classified as a poor one as it requires ex
cessh'e corrective designs and measures to overcome 
what are inherently dangerous chn.racteristics. In the 
river bed, porous gro.vels would be encountered for· o.t 
leost 100 feet beneath the river and they may continue 
to 150 or 200 -feet. For the left o.butment there is 
andesite rock, uniformly hnrd but somewha.t fractured, 
but on the right abutment rock is so deep thn.t it would 
not be reached by the dam. Support and impervious 
properties must rely upon the cho.rncter of the overlying 
glncio.l moraine. 

\Yhile much more prospecting, testing, and analyzing 
must be <lone before the limitations of so.fe and econom
ical design can be determined, estimates have been 
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Fie i;;R£ 3S.-One o[ the lower d3m site,; on Conejos Ril"er, abon San i:.u!s 
Yalle,-, Colo. 

made for two tentative plans of development. The 
dam-site selection is controlled by the relative values 
for foundation purposes of the materin.ls in the rh·er 
bed and right abutment. Plan A presents n scheme to 
secure a deep cut-off in the sto ble river gri:n·els and 
avoid so for ns possible dependence on the reworked 
morn.inic nrn.terfo.l. A blanket is cnrried upstream to 
incrcn.se percolation distances. The dnmi of rolled 
earth-fill and rock-fill type, is loco.ted in the wide por
tion of the fr,er bottom where the o,erlvina beds of 
re-sorted glacial and recent river grnYel; h~ve been 
largely eroded. The upper po1'tion of the upstream foce 
has o. 3:1 slope and the lower portion a Iona blanket 
with vo.riable slopes. The downstream slo~e '\";aries 
from 2}6:1 in the upper portion to vo.rio.ble slopes o.pprox
imo. ting 12: 1 in the lo,\'er portion. A long low dike is 
required at n. low section in the reservoir west of the 
<lo.m. The spillway, designed for 15,000-second-foot 
capacity, is located on the left abutment in the n.ndesite 
rock. Test pits have shown a sufficient supply of 
suitable materials for construction of the earth embank
ment at a distance of appro.:cimo.tely three-fourths 
mile below the drun site on the right bank. The esti
mated cm,t under plan A, including right-of-way and 
highway relocation, is $4,825,879, or $20.10 per ncre
foot of storage. 

Summary of data, rega Syfreslre Reservoir, plan. ..l 

[Rolled eartll·lill \ind rock·fiU dam] 

Stomge capacity - ___ •• _______________ acre-feet_. 240, 000 
Spill,n,y capacity_._-··_. _____ ·- ... second-feet.. 15, 000 
Regulated out.let capacity at 45' lu;ad ______ do.... 5. 000 
Elevation top of d:uu ••••• -------·---- ---------- S, !170 
:.'lfo.xirnnm n•scn·oir water-surface 1;lcvatio11 _____ • _ S, 9G'.? 
Height of dam ahon, sl~cam bcd •••••••.... frct.__ 12.'i 
'J'.,tal 1•stimated ,;,,,;t, dam at1d rc:sl'rn}ir _______ •• _ $4. 8:.:!i',. SiH 
Estimated mp;.11 :uurn:,l nm-off t .. r,•;..:n·uir lSllll-

HJ:35 •...•.• - .. _ ••...••• __ . ____ ._ •• acre-feet_. :l-l-l, 000 
Drainage :1rcu ____________________ ,squ.1rc miles.. 52S 

-
f{iv Grande Joint lm;estigat·ion 

Plo.n B presumes th.1.t the reworkell momiuic ma
terial i,; more so.tisfoctory than nss11 med in pl:m ~\ 
fmd takes u.dvi1ntu.ge of ii. better pl'Ofile obtained Ly 
::,winging the n::-.-is of the dam southwesterlv and directlv 
across the narrowest portion of the vnliey. A muci1 
deeper cut-off trench is required nnd cxtensi,e blanket
ing o.t the upstream toe of the dam. The estimated 
cost under plan B is $4,524,.581, slightly lower thnn 
tho.t under pln.n A, chiefly beco.usc of the smaller 
rnhm1e in the embankment. 

C'rmejos Resen:oirs.-The original program for invc;;
tigntious on the Conejos Rh·er provided only for a 
survey nnd explon1.tio11 of clam site no. I, nbout 8 mile,; 
above the 1fogote go.ge. This site luul been selected 
severnl years ngo nnd the re;;ervoir sun-eyed, but no 
prospecting had been done. Survey of the dam site, 
drilling, nnd test-pit work were carried on simultnnc· 
ously. It wns soon discoYered that geological condi
tions were such that the f easibilitv of the site wns 
qi.~estionable, because of the excessi...-e depth of sand 
11nd gravel overbur.d.en ,which extends across the riYer 
and under the mammoth landslide comprisina the rio-ht o e 

abutment. Designs and estimates for this site ha Ye not 
been completed, pending n thorough exploration of the 
right abutment. The mo.in high"·ny from .Alamosa oi:er 
Cumbres Summit into ~ e,y 1'..Ie~ico passes by the left 
end of the dam site and crosses the reserroir site about 
3 miles n.bove the dam site, and n new secon<lnrv rond 
is now being constructed from the river crossing ~n the 
main highway to the upper end of the resen·oir site. 
Construction of the reservoir would therefore require 
relocation of 5 miles of primary highway and 7 miles 
of secondary highway. Severn.I resort cnmps and sum
mer homes nre within the reservoir area. The reserrnir 
capacity currn derived from the 192.5 sun·ey by R. .J. 
Tipton indicates a capacity of 100,000 acre-ieet at an 
elevation approximately 131 feet aboYe the river bed 
at the dam site. The estimated meo.n annual run-off, 
1890-1935, of the 282 square nille.3 o.bo,e the l\Ioaote 

• 0 

ga,,,amg sto.tion is 255,600 o.cre-feet. 
Upon discovery of the unfo,·ombie conditions nt 

dam site no. 1, search for other sites wo.s begun and 
continued until n reconnaissance of the entrre riYer from 
).fogote to altitudes of more tho.n 10,000 feet had been 
completed. This resulted in the selection of ei!dn 
other possible sites. These o.re described and the 
extent of the investigations at eo.ch of them is detailed 
in the Bul'en.u of Reclamation report, P,ut Y. Designs 
and estimates were completed only for the upper 
Conejos site, designnted ::i.s Xo. G. This is located on 
the Conejos RiYer about n mile nborn J>l:itoro in 
Conl'jos County, Colo. Jt i:; ~2.3 miles Yi,t graYellell 
hi~lnniy from Pbtoro to the neiuest ruilrond shipping 
pomt, .'.\Ionte Yist:i.. The rescn·oir is entirely on 
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Government hi.nil wit.bin ft. nti.tional forest. The data 
nre: 

.':fo111m,1ry nf data, upper Conejos Restn•oir .Yo. 6 

Storage capacity __ ._-.;:: ______ ---- ___ -.- __ acre-feet__ 
Spillway capacity ____________________ second-feet_. 
Regulated outlet capacity ___ ••• __ • ________ .do ___ _ 
Elevation top of dam .• ___ • ______ .. ____ •• _______ _ 
211nximum reservoir water-surfnrc clenition. _. _____ _ 
21Iaxinrn m height of dam .• ________ .. ________ fee L _ 
Length of dam ___ . __ .. ____________________ do ___ _ 
Length of auxiliary dike. _____ • ____________ .do ___ _ 
Height of auxiliary dike. ___________________ do ___ _ 
Reservoir area at spillway level.. __ • ________ acres._ 
Total estimated cost, dam and re~crYuir .• _________ _ 
Cost per acre-foot of storage. _____ • ___________ • __ _ 
Estimated mean annual run-off to reservoir, 1912-35 1 

acre-feet._ 
1 Estimated br precipitat(on-altitude method. 

32,000 
6,000 

500 
10,010 
10,005 

115 
540 
400 
38 

710 
$GOS, 404 

$19. 01 

48,700 

One of the other sites investigated, the ~logote, 1s e.n 
offstreo.m site about 3}f miles north of the Conejos 
River, just nt the edge of San Luis Valley. A feeder 
cima.l from the river to the reserrnir offers no difficulties 
but the reser-..-oir basin is possibly 150 feet o.bove th~ 
wo.ter table nnd may not be sufficiently tight. Previous 
suneeys luv.-e indicated thn.t o. c.1.pacity of 30,000 acre
feet can be secured o.t this site \\;th a dam about 90 
feet high and 800 feet long. Explorations nre now in 
progress and until these are completed und estimntes 
are made no conclusions can be drawn ns to the feasi
bility of this reservo.ir. 

New Mexico Projects 

Except for terminal storage for the San Juan-Chama 
trruismountain diversion project, the only storage 
project included for investigation under the funds 
allocated for use in New :.Ie.:,,.;co "~as the Sta.te Line 
Reser.air. 

State Line Resen·oir.-This reservoir on Rio Gra.nde 
• I 

approx1mntcly at the Colom.do-~ ew i'dexico State line, 
and the Closed Basin Drnin are recommended in the 
pre.sent Rio Grande Compact signed in 1929 in the 
following language; 

* * * . That for the economic development and conserva
tion of the waters of the Rio Grande Ilasin and for the fullest 
realization of the purposes recited in the preamble to this com
pact, it is of primary importance that the area in Colorado 
known ns the closed basin be drained, and the water thus re
CO\·ercd be added to the flow of the river, and that a reser\'Oir be 
constructed in Color:i.do upon the river, at or near the site 
generally dcscribc1l ::ts the Stall! Line Rescn·oir site. The 
iust:i.llatior, of the drnin will materially augment the flow of the 
rL\"Cr, and the cunstructio11 of thl' rcscr\"oir will so rcgulall' the 
lluw :tti tu n•uw\·e forcn,r. the priucipal c:i.ust•s uf the dil!iC'11lt.h·~ 
lid~\'Ct!ll the States ~iguatory 111.:rctu. 

At th~ time the cornpnct w.1s signed it Wils considered 
thnt regufotion of the flow of Rio Grande below all 

F1CURE 39.-Rio Grande nenr Color~do-:S-ew ::l[exico State Hne. Lookin?; dow:i• 
strenm from ··~1,1teline'' Tlriclge. (Lobnm; ~~ging station.) 

Colomclo diversions bv means of il. reservoir nt the 
Sto.te line would provide nn ussumnce of flow to X ew 
1Ie:x:ico such as to lo.rgely remove one of the principal 
causes of interstate controversv. 

Surveys and explorations ;t this site were begun 
late in 1936, but h.1d not been completed a.t the writing 
of Part I of this report. Thev ,veri: continuin"' under 
n further. program of investig:1tion bv the Bu';eau of 
~eclamntion in 1937 the final report ~£ which is given 
m Part Y. 

Two sites for the dam luwe been proposed. The 
)Iiddle Rio Grande site ().foldle Rio Gr1mde Con
ser,.11ncy District), about lH miles abo,e the State 
line, ho.s been surveyed nnd drilled b, the 1liddle Rio 
Grande Consernncy District. A d;m there, built to 
elevation 7,570, would haven maxi.mum height of 150 
fe~t and store 750,000 acre-feet. J .. t elevation 7,510 
w1th a mti.ximum height of 90 feet, the capacity would 
be only about 250,000 £\ere-feet. The higher elevation 
would submerge pnrt of the city of Alamosa (elevation 
7,550), numerous outlets of dmino.ge ditches in the 
Sun Luis Valley, and preclude the drainage of the 
sump area of the closed basin. An ele.-o.tion of 7,510 
appears to be about the highest lenl to which water 
can be stored without undue interference with existincr 
developments. The luck of cupucity at such nn ele~ 
vntion above the ).Iiddle Rio Grande site and an 
effort to secure more fa,oro. ble geologic conditions, led 
to a search for another site farther downstream. 

The Costillo. River site selected lies just below the 
mouth of Costilla Rh·er, which enter;; the Rio GrnnJe 
Canyon from the east about 3 miles below the State 
line. It is in o. box canyon of basaltic rock with almost 
Yerticnl sides, the top width of the rnnyon at 7,520 
being only nbout 500 feet. The rh·er surface is nt 
elen.tion i,375, or 45 feet lower tlum nt the ~Iiddle 
Rio Grande site. Costilhi. RiYer lies in n narrow box 
rnn:rnn for ulmost n. mile bcfi~re it joins Rio Grnndc, 
but :l horn tlii;; Ctmyun thl'l'C i~ a br2:e hu!-iu which 
would increase tlic stontgc rapacity ~natcrinllv over 
tlrn.t nvuihtblc at the ).fiddle Rio Grande site. D~·illings 
ut the Costilla River site hn,\·e disclosed o. w,,.ter to.ble 
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at approx:imo.t~ly elevation 7,375, or 50 feet below the 
fr-er bed. This implies o. mther pen-ious bed beneath 
the entii'e reserroir. 

Investigations were in progress o.t o. new site, the 
Ute Mountain dam site, about 7.5 miles below the 
Costilla River dam site a.nd about 10.5 miles south of 
the State line. Springs in the canyon walls here in<l.i· 
cate a water table tributary to the river and in. con
formity with the ground water gradient projected 
from the ~fiddle Rio Grande and Costilla sites, already 
drilled. Although a mo.terinlly higher dam would be 
required at the Ute :\fountain· site than at the other 
sites for o. given capacity, the Ute :\fountain site holds 
greater possibilities and provides more storage capacity 
under the limiting elevo.tion. 

Smaller projects.-Although not included for inves. 
tigation by the Burenu of Reclamation as n. part of 
the Rio Grande joint in.vestigo.tion, there ho.ve been a 
number of smaller storage projects proposed for con
struction on Rio Grande tributaries in New ~{exico. 
Table 103 gives n list and description of such projects 
as proposed in applications to the Federal Works 
Progress Administration or to the Fedeml Emergency 
Administration of Public Works. Under the Presi
dent's Executive Order of September 23, 1935, o.ppro-,nl 
of these projects has been v,ithheld, pending clearnnce, 
by the N utional Resources Committee, which, in turn, 
n.waits completion of the Rio Grande joint investiga• 
tion and report. 

Flood Control by Reservoirs 

In spite of the damngo that mny result from them, 
floods have an economic value in the Upper Rio 
Grande Basin in flushing the river channel and carry
ing away the sand and silts that inevitably accumulate 
during a preceding series of low-water years. 

Since the operation of Elephant Butte Reservoir 
began, the only floods in the Elephllllt Butte-Fort 
Quitman section ho.ve been the flash floods from tribu
taries. The reduction of peak discharges in the muin 
river bo.s had the effect of flattening the river slope 
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between the di,·ersion dams, and from tributary arroyos 
has come considerable .debris that tend;; to choke the 
channel. The combined effect of these two factors i3 
that o. comparntively m"'dera.te tributary flood may 
be more serious now than a much larger one was before 
Elephant Butte Dam ,•ras constructed. 

In the 1-liddle Valley, the silting of the channel 
during a series of low water yeo.rs such as obtained from 
1933 to 1936, inclusive, made the moderate freshet of 
1937 loom larger than it otherwise deserved. 

The maximum recorded flood of the lo·wer portion of 
the :Middle Valley occurred September 22-26, 1929, 
due to continued rains. At San Marcial the flood peak 
of September 24 has been estimated nt 47,000 seconJ
feet. The town of San ~farcial was nrtually destroyed. 
1fost of the water en.me from Rio Puerco, Rio Sala.do, 
and other tributaries. The maximum 24-hour discharge 
of Rio Grande at Oto\\l'. Bridge was only 6,540 second· 
feet on September 23, while Rio Chama contributed a 
maxi.mum of only 2,480 second-feet on the sume date. 

In San Luis Valley floods are generally due to rains 
coinciding with the spring melting of snows, although 
the maximum recorded discharge was from foll rains. 
The three highest 2_4-hour discharges record~d on Rio 
Grande at Del Norte nrc: 

Stcor.1·f~,t 
June~ 1905 ••• ____________ ••. ~---··-------------- 1~000 
October 6, 19lL ______ --- ••• ___ •.•. ____ ••••• ___ •••• 1-!, 000 

June 30, 192i ··----------------------------------- 12,600 

The highest recorded general flood on Rio Grande 
occurred during the spring of 1£105. That was o. gen
eration ago and in that period of time such catastro
phies are easily forgotten. During the flood the follow
ing ma..'!::imum 24-hour discharges were recorded: 

.<;,c~nd·fttl 

June 5 e.t Del Norte-----·--·····---·------··---·--- 10,000 
June Sat Lob:i.tos ....•. ·----------··----··-------- 1:1. 100 
June 9 at Otowi Bridge.·-----------··--···-----···- l,, 400 
June 12 at San :Marcial •.... ---------·--·-------·--- 1S, .500 
June 14 nt El Paso .....••. ·------------------------ 23,600 

If Wagon Wheel Gap Reserroir of 1,000,000 acre-feet 
capacity had been in operation during this flood the 

TABLE 103.-Pro;iects i1woli-ing storage in the R-io Grande BaJin of New Mexico as proposed in P. Tl'. A. or ll". P. A. applicalions 

Application 
to Tribut;1rr 

Reser..-oirl 
capacity 
in acre· 

leet 

D11111 II Es::· 

I 
l!ei~ht I Acreaie to be irrignted ~~;~·:! 

TYJl<! ·· in reet I 

\\'.P.A ••• __ • Tu= Creek·-············ RIO • .\rriba ••••••••.••••• ·--·····l 1, i.$5 
1
1 Earth .•• ;......... 921 3,000, no1>· under culti<"o.tion-·--·····--···--··· i .5HZ. :?ill 

Do ••••••• La Llma Creek __ ···--···· TM;............................ 3S •••.. do............. 30 Now undereultimtioa •• 0, .........•.......... 1 1!. ~,J 
Do •••••.• Rio Gromledelos R;.ncho3 •.••• Ao ••••••• --·-·······-···--··· 3.ls.3 l···-·do_............ 78 ~.;,1, now under cultivation._. •.•.••.•.. , ..... : 1,;2, ,;:;7 
Do.-..... C:i.bresto Creek •• ---·--· .. 

1

i ••••• do.·-···-· ................... ! u;;.; , . : .. do............. 126 3.100. now unJ~r cultivltion-•••.•••.... ·-- ... I l S5. ,3,; 
Do...... Protero Creek-•• .-.. ---··· Rio .-1.rrib:i ••...•.•••• ----.. ···•· J 3.0-}S I Concrete arch..... 140 3.000. new bad .. _ ..•••• .-••.•....••••••....... j 17;, 315 

r. W. A...... Jewei Creek .••. ,......... s~otlo.-aL __ ••••.•• _............ t :r., 000 Eartho.ndrock,_.. 40. 50 .:i.ruo:dp31 supply. city or Ji.lhuqur.rque ...•.•.• 
1
, ~ z:;,. ,,,oJ 

Po....... Rio Pueblo de 'l':ius •••.... 
1 

T.J.Os .•••••...•. ·-- ••••.......••. ' 500 I Rock fill.......... 00 .500, nc1, l:tntl (ln,J,~n) .... -- .•....••....•.•.•. 
1 

H•.', "~I 

'l'ofol .. ······. ·······---······· . ··J···················--········· .... '~l·---···· .. --····-··· 1=:-:-:-!····--······-···················. ················]~ 

1 Tw" r~serrnirs totaling tbis C!l[):iClty. • Total r,,r entire w·:•lcr suppl:; i,r,iject. 
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reservoir con tent at the end of April 190,3 would ha.ve 
been 1:1s,ooo ucre-feet. It could h:.-we withheld the 
entfre inflow during the following .\fay !l.Ild June which 
totaled 3Sl,000 ncre-feet. The peo.k of this flood o.t 
Del ~ orte could, therefore, have been reduced mo.teri
nlh·, probably to 3,000 or 4,000 second-feet. (Tribu
tuI}" dn.ily flows are not uvailo.ble to permit of a closer 
estim::i. te. ) 

Assuming State Line Reservoir had been in operation 
with u capo.city of 460,000 acre-feet (a tent:1th-e figure 
obt11ined from a prelimino.ry ma.p of 1937 sun-eys ma.de 
subsequent to the March 1937 progress report of the 
Bureau of Reclamation), it would have contained 
240,000 o.cre-feet nt the end of April 1905. The Lobntos 
run-off for .;\lay wns 178,000 acre-feet, so that the 
reservoir would ho.ve been full o.nd spilling before the 
peo.k of 13,100 second-feet on June S occurred. The 
State Line Reservoir operating alone, therefore, would 

2H5-3S-9 

-
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not lrnve hnd the effect of reducing the flooll peak on 
the rfrer below. If, however, Wagon \\lice! Ga.p Res
errnir had o.lso been in operation, tho flood peak ut 
Lobutos could ho.ve been substanhally reduced, with 
consequent reduction throughout the 11iddle Valley. 

All reservoirs heretofore proposed in the Upper Rio 
GrnnJ.e Bo.sin would be primarily for irrigation purposes 
und unless additiono.l capacity ·were provided nnd the 
reservoir opernted so o.s to preserYe the added space for 
flood storage, it would be necessur.r to consicler any 
flood control benefit ns incidental to irrigation. How
e.er, Elephant Butte Reser,oir with n. capacity twice 
the normo.l Rio Grn.nde inflow hns effectively reduced 
Rio Gro.nde flood peaks below it as for o.s Fort Quitman. 
Similarly, Wagon ,Theel Gap Reserrnir, with o. proposed 
cupticity twice the normal inflo,...-, should as effecth-ely 
reduce general flood peaks in San Luis Valley and confer 
some benefit in this respect on the 11iddle Valley as well. 
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PART I 
SECTION 6.-ADDITIONAL ,YATER SUPPLIES BY Il\IPORTATION AND 

SALVAGE • 

'\Tith practically the entire water supply of the Upper 
Rio Grande Basin at present consumed above Fort Quit
man, there appear to be only two noteworthy sources to 
,,,.-hich resort may be had for o.dditiono.l water supplies. 
One is the importation of water from another drainage 
basin and the other, the salvage of present wastes and 
losses mtbin the basin. .Although storage in upper 
parts of the basin may be expected to result in a favor
able redistribution of water supply with respect to the 
lands served, no new water is made available to the basin 
ns a whole, except insofar as the redistribution mny 
effect savings in losses and wastes suffered nt present 
because of the lack of a regulated supply, and pre
sumnbly a realization of savinvs is the basis upon which 
stornge for upper-valley lands is to be justified ,.ith 
respect to the lower-valley lands of the basin. Under 
the heading of additional w·ater supplies for the ho.sin, 
storage must, therefore, in the last annlysis, be placed 
in the clnssification of salvage of present wastes and 
losses in excess of the increased consumption by reser
voir evaporation. 

Importation 

The possibility of importation of wo.ter from another 
drainage basin to augment the supplies of the Upper 
Rio Grande Basin has long been considered by the wnter 
users in the three States of the basin. Of the outside 
drainage basins to be considered, there is only one which 
nppeors to afford reasonoble opportunities and to which 
serious consideration has been gh-en. That is the San 
Juan Basin of the Colorado River drainage. The diver
sion of water from the Colorado to the Rio Grande 
Bo.sin is permissible under the Colorado River compact, 
and it would afford New Mexico an opportunity to 
utilize, in greater or less measure, its share of the waters 
of the Colorado Basin under that compact. 

As a part of the Rio Grande joint investigation, the 
Bureau of Reclamation wns ·assigned to an in,estigu tion 
of and report upon the projects which ha,·c been pro
posed for trnnsmountain diversion of San Junn waters 
to Rio Grande. l<'our separate projects-one, the Snn 
Juo.n-Chnma, proposed by New Mexico, and three, the 
Animas-Rio Gro.nde, Wenrinuche Po.ss, o.nd Snn Juan
South Fork Rio Grande, proposed by Colorndo-,rnre 
in.-estigated. The following paragraphs briefly sum
mnrize the resuits of these investigntions us presented in 

118 

n :'.\larch 1937 progress report of the Burenu of Reclnmn
tion. Certain features of these projects were the subject 
of ii:r,estigations which were continuing o.t the time 
Purt I was written. Final duta nnd results nre incorpo
rnte<l in Po.rt V of this report. In a subsequent section 
consideration is given to the possible accomplishments 
of these diversions under ,n.rious assumed schedules of 
operation. 

San Juan-Chama Transmountain Dirnrsion 

As planned, this project begins with the dh-ersion 
of Turkey Creek, o. tributnry of So.n Junn Rh-er, into 
n. reservoir of 70,000 acre-feet capacity on the 'West 
Fork of the So.n Juan River o.bout 14 miles north of 
Pagosa. Springs, Colo. From the bottom of this reser
Yoir, o. diversion canal of 300 second-feet co.po.city 
cnrrie~Turkey Creek and ,:rest Fork waters too. TO-foot 
drop into East Fork about l mile above its confluence 
with the West Fork. About 6 miles upstream, n. 
reservoir of 35,000 acre-feet co.po.city is pfo.nne<l to 
regulate the fl.ow of the Ea.st Fork. A diversion dam 
o. short distance below the cano.l drop into the Enst 
Fork diverts into a cano.1 of 500 second-feet en.po.city 
which lies just above the 7,500-foot contour eo.st of 
the San Juan River. Coal Creek, Mill Creek, Rito 
Blanco, and the Blanco Rfrer are diverted into the 
mo.in co.nnl by short feeder co.no.ls. On the Bla.nco 
River, 5H m.Hes ::ibove the canal crossing, a reserrnir of 
15,000 acre-feet capo.city is planned to regulo.te the 
.flood flows of th::i.t rh-er. From the Blanco River to 
the Little Navajo River the canal capacity is increased 
to 700 second-feet o.nd the co.nal is almost entirely in 
tunnel. At the lower portal of the tunnel on the Little 
.Kn.vo.jo River the ca.nal is joined by a diversion cuno.l 
from the Navajo o.nd Little Xavo.jo Rivers nnd it.;; 
capacity is ago.in increased to 800 second-feet. ...\.fter 
po.ssing o. few miles a.long the northerly side of the Little 
Nn.vajo River, the main Na.ni.jo River is crossed with u 
siphon almost a mile long under 350 feet mo.:dmum 
head. · At the end of tho siphon the canal enters n suc
cession of tunnels o.nd siphons along the south siJo of 
tho Navajo River to o. point nbout lJ~ miles cast of 
E<lith and almost on the Coloro.do-Ncw :.Icxico boun
dnry line. Continuing nen.rly due south, the co.no.l 
traverses several deep cross drainage strc'::1.ms, crosses 
Amargo Creek o.nd the Dcn,er & Rio Gr::mde ,restern 
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R. R. (narrow gage) ne:1.r ).fonero, K. ).!ex., nn<l finally 
enters a 6-mi.le tunnel through the Continenrnl Divide 
beneo.tb Hillcrest on the Jic::i.rillo. Indian Reservation. 
from the lower portal of this tunnel at ::m ele,ation of 
7,400 feet the lrnter flows in o. naturul stream bed to 
Boulder Lake. From the latter, releases mo.y be made 
to a. natural streitm channel emptying into El Vado 
Reservoir. 

This system comprises four reserroirs (exclusfre of 
Boulder or Stinking Lakes, alternntiT"e terminal reser
voirs) with a total capacity of 170,000 acre-feet and a. 
co.nal system totaling 89.43 miles, of which 17 .37 miles 
ure in tunnel. The estimated total cost of the e.ntrre 
project is $22,260,000, or $63.60 per o.cre-foot of dh·er
sion. Of the total cost, $14,786,408 is estimated for 
the canal system, and $7,440,307 for the West Fork, 
Ei1.st Fork, Blanco, :Navajo, and Boulder Lake Reservoirs. 

The total drainage areo. contributing to this dfrersion 
is 506 square miles, with a mean altitude of 9,688 feet, 
and the estimated mean annual clivertible run-off, 1916-
36, is 380,900 acre-feet. Allowing for canal and reser
,-oir losses, the men.n annuo.l net delivery of regulated 
wo.ter to Rio Chama above El Vo.do Reservoir is esti
mated at 350,000 acre-feet. This yield would be de
creased by the San Juan-South Fork Rio Grunde 
tro.nsmountain diversion project. The system is de
signed to deli.er o.n almost constant supply to the 
terminal reservoir from March to December, inclusive. 

Existing developments in the San Juan Bo.sin as for 
down as Shiprock, N. Mex., would not be impaired by 
this. diversion, but if future developments of any ex- , 
tensive San Juan areas are found to be fe:i.sible an 
additional reservoir either on the Sun Juan River ~r a 
tributary may be found necessary to avoid conflict in 
water supplies. 

Summary of data, San 'Juan-CJwma transmoun!ain dfrersion 

(i,ee Part,-, this report, for alternate lower Co>< di<"ersion llnallr de,eloped.) 

Contributing Sau Juan drainage arc:i. 
sq unre miles __ 

Estimated mean annual deli\·en· to Rio Cham:i. 
,1916-36_ ·--- -- ____ • ______ ._· _____ .acre-feet.~ 

Estimated total cost.. _______ ------_.------ __ _ 
Estimated cost per acre-foot of di\'crsion ________ _ 
Elevntion of highest dh·crsion (from Turkc1· 

Creek) ______ ,-----·------·---------------~ 
EleYntion of Contiucnt:J.I Di\·idc tunnel outlet. __ 
:lfa:.:imum water-surface clcvntion nc:uldcr Lake 

terminal rescn·oir. _________ . _____________ --~ 

Cann! system: 
:O.fain c:i.nal c:i.pn.city _____ •• ___ . sccond-foct_ _ 
Earth c:i.uals. ___ ••• ___ •• _____ ••• __ .miles. _ 
Concrete lined c.:.nals •• _. ____________ do .. __ 
Bench flumes.~.---- ••• ____ •••• ___ .do._ •• 
TunneJs ____ ; ___ •• c.----·--·-------OO----
Siphon~--------····---------------·do .... 
Total length of conduits ___ • ______ ._ .do. __ _ 

5C6 

350,000 
S22,260, 000 

S63. 60 

7,890 
7,400 

7,305 

300 to SOO 
52. 39 
15. 17 

• 4G 
17. 37 . 
4. 04 

S9. 43 

--
Reservoirs: 

v1:est Fork San Ju:i.n: 
Capacity ___ •••• _.----- •• __ .acre-feet.. 
Type of d.:i.m: Compacted embnnkmcnt. 
Height of dam ______ •••• ____ !_._ .feet.. 

East Fork San Juan: 
C:i.pacity _. -------- __ • ____ •• acre-feet._ 
Type of d!lm: Comp:i.cted embankment. 
Height of dam __________________ feet.. 

Blanco: 
Cn.pncity _____ •• _________ ••• a.ere-feet. _ 
TJ·pe of dam: Comp:i.ctcd embankment. 
Height of dam ___________ . _____ . feet-. 

Xavajo: 
Cap:i.city ___________________ acre-feet._ 

· Type of dam: Compacted embankment. 
li('ight of dilm _________________ fcet.._ 

Boulder Lake (terminal reserrnir): 
Capacity __________________ .acre-feet.. 
Outlet cap:i.city _ •.•• _______ second-feet._ 
Type of dn.m: Compacted embankment. 
Height of dam ___________________ feet .. 

Stinking Lake (:i.!ternate terminal reservoir): 
Active capacity. ____ • __ ••• _ .acre-feet._ 
Outlet c!lpacity at low levels 

second-feet._ 
Type of d!lm: Compacted embankment. 
Height of dam.------- _________ .feet __ 

Animas-Rio Grande Transmountain Dh-ersion 

119 

70, 000 

160 

35,000 

150 

15, 000 

102 

50,000 

120 

290,000 
2,000 

138 

500,000 

1,000 
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This project contemplates a diversion from the upper 
reaches of the Animas River, a tributo.ry of Snn Juan 
Rfrer, to the heo.dwaters of Rio Grande in Colorado. 
Under the plan for which designs o.nd estimates ,\·ere 
made the South Fork of Mineral Creek, Mineral Creek, 
and Cement Creek v,ould be di,erted to n reseIToir at 
Howardsville on the main Animas Ri,er near Sih-erton, 
Colo. From the Howardsville Reser.-oir a tunnel would 
carry the wo.ter eastward through the Continento.l 
Dinde to the upper reaches of Rio Grande about GO 
feet above and a mile from the high water line of the 
existing Rio Grande Reservoir. The highest dh·crsion, 
that from the South Fork of 11ineral Creek, is at eleva
tion 9,852 and bottom grade elevations nt the west and 
ell.St porto.ls of the mnin twmel to the Rio Grnncle are, 
respectfrely, 9,698 and 9,612. 

The entire project comprises 13.66 miles of conduit in 
the collection system, includmg 2.56 miles of tunnel, 
12.98 miles of mo.in tunnel, 400 second-feet capacity, ·o.nd 
the Howards.ilk, Rescn·oir of 53,000 a.ere-feet Cfl.pncity. 
The estimo.ted.· total cost is Sl 0,432,496, or $79.00 per 
a.ere-foot of diversion. 

The dro.ino.ge nrco. nborn 9,800 feet elc'rntion con
tributing to this cfo·crsion is 129 square miles. The 
estimo.ted menn nnnunl dh·ertiblc run-off, Hl 16-35, is 
lH,000 o.crc-foet. For the period Hl24-35 it is 130,700 
fl.ere-feet. The nm-off which it is estimo.ted could lrn.Ye 
been diverted 80 percent of the time is 1221000 o.crc-feet. 
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In the minimum ycnr o:£ 1934 onJy 43,000 a.ere-feet could 
have been dh·erted. 

~~ tentath-e study o:£ dischnrges of the Animo.s River 
n.t Tacomo. and Durango, depleted for possible cli,er
sions to Rio Grande for ernry month from 1911 to date, 
indicates that no shortages would hin-e occurred at any 
time in the 34-ye3.r period. It appears, therefore, that 
the proposea diversions mny be mo.de without impairing 
existing rights or obstructing future de,elopments now 
considered feasible. 

Summary of data, Animas-Rio Gra:n.de transmountain di1Jersior. 

Contributing Animas drainage area ... square miles ... 
Estimated mean annual dh-ertible run-off, 1924-35 

acre-feet ... 
Estimated total cosL .. __ ..................... _. -------
Estimated cost per ll.Cre-foot of diversion ................ .. 
Elevation of highest diversion {South Fork Min-

eral Creek) _______________ .... __ ..... ------- ••• _ 
Elevation of Continent:.! Divide Tunnel outlet .. _ .. 
Collection system: 

Earth c:1naL _. _. _ ...... __ ... __ .......... __ .. miles .. . 
Combinatiun section ... ____ ..... ___ .. __ .. do. __ _ 
Bench flume .. __ -------. __ .... _ .. ___ ... do. __ _ 
Cut aud coYer section _______________ do ....... 
TunneL ____ • _____ . __ ... __ -------_ .... do ___ _ 
Tots.I length of collection conduits. ___ do. __ _ 

Animas-Rio Grande tunnel: 
Capacity ___ .. __ ~ .. _____ ...... __ .second-feet .• 
Diameter .............. _____ . ______ ._._ ... feet.. 
Length .. ----~----------------------miles ... 

Howardsville Reservoir: 
CD.pa.city ___ ... __ . -- . --· .. _ .• _____ acre-feet .. _ 
Type of dam: Earth embankment. 
Height of dam ______ •.. ____ • ______ .... feet ... 

Weminuche Pass Transmountain Diversion 

129 

130. 700 
$10,432,496 

$80. 00 

9,852 
9,612 

1. 14 
8.62 
0.49 
o. 85 
2.56 

13. 66 

400 
9. 5 

12. 98 

53,000 

' 255 

This project contemplates a diversion from the 
hen.dwn.ters of Pine River, a tributary of San Juo.n 
River, to the heo.dwn.ters of Rio Grn.nde in Colorado. 
The plan as de,eloped calls for the diversion of two 
creeks, one on each side of Pine River o.t elevo.tion 
10,500, to the mo.in streo.m at the head of the pass and 
then through the dhide by means of a long cut. The 
canal discharges into an unnamed creek which flows 
into the existing Rio Grande Reservoir about 3 miles 
below. The estimated total cost is $264,500, or about 
~13 per acre-foot of diversion. 

The drainage nrea aborn ·10,500 feet elevation con
tributing to this diversion is 24 square miles o.nd the 
estimated me:m annual divertible run-off, 1924-35, is 
20,455 acre-feet. Howe•:er, this v:ield is o.fter allowance · 
has been made for no diversio~s in 1925, 1931, and 
1934 bccaus~ of interference ,,'ith storage development 
on the Pine Ri1;er project near Bayfield, and after prior 
trn.nsmotint:iin diversion rights ·of 4 1000 acre-feet hnve 
been deducted. 

Rio Grande Joint Ini·estigatfon 

Summary of dala, n·eminuche Pass transmot,ma-in dfrcr.si•m 

Contributing Pine Rh·er drainage are:. 
square miles .. 

Estim:i.ted mean annual dh-ertiible run-off, 1924-
35 1 ___________ • ----- _______ ----_.acre-feet ... 

Estimated total cost.. ... _. _____ ---- • .' ............. . 
Estimated cost per acre-foot of diversion .......... --
Elevation of highest diversioo. _ .... ________ c •••• _ 

Total length of can:il. ... ----- _ ...... _ ... miles ... 
'No diversion in 19:?5, 1931, and !93~. 

20,455 
S264,500 

Sl3. 00 
10,500 

T. 5 

San Juan-South Fork Rio Grande Transmountain Diversion 

This project contemplo.tes a diversion from the 
headwaters of San Juan River, abo,e the diversion of 
the So.n Juan-Chn.ma project, to the South Fork of 
Rio Grande. The South Fork joins Rio Grande about 
half way between Del ?,;"orte and Wagon IDeel Gap. 
The pln.n for which designs and estimates were mude 
provides for the diversion of the West Fork of San Juan 
River to Beaver Creek by a canal 2.6 miles long~ of 
which 2,400 feet are bench flume. From Beaver Creek 
an 8-foot tunnel, 3.2 miles long and of 425 second-feet 
capacity,· carries the water southeasterly to meet n. 
twmel of the same size and LO mile long from Tr oli 
Creek. A· 9-foot tunnel, 6.7 miles long and of 525 
second-feet capacity,· then lends from the junction to 
the South Fork of Rio Grande. It would require , 
miles· of difficult road construction to gain access to the 
West Fork diversion and the Bea,er Creek portal. 
The South Fork portnl is ,\ithin a half mile of the main 
graveled highway over irolf Creek summit, which also 
passes within 200 feet of the 'ITolf Greek portal. The 
latter is approximately 15 miles from the Creede 
branch of the Den,er & Rio Grande Railroad. The 
estimated total cost of the project is $5,290,30G, or 
about $100 per acre-foot of diversion. 

The drainage o.ren. above an nltitude of 9,050 feet con
tributing to this dfrersion is 4.5 square miles, nnd the 
estimated mean :mnuo.l diYertible run-off, 1916-30, is; 
53,000 ncre-feet. In the minimum venr of 1934 the 
yield would have been only. 23,000 ac;e-foet. No exist
ing rights on the Sun Juan belo·w the diversion would be 
impaired, but the supply n.n1il:1ble for the St1n Juun
Cho.ma diversion would be depleted by the o.mouut 
diverted to the South Fork of Rio Grande. 

S11111111arv of d,iln, San J11an-Soulh Fork Rio Gramle lra1is
mo1mtaiu dfrer8ion 

Contrib~ting San Jnnn drainage aren 
square miles ... 

Estimated mean nnnu::il divcrtible run-off, 1916-36 
acre-feet •• 

Estimnt~d total cost. •• _ .... ____ ..... _ .. _. ____ ._ .. _ .... 
Estimnted cost per ncre-ioot of diwm;ion ________ _ 
Length or'feeder can:il West Fork to Beaver Creek 

miles __ 
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Summary of data, S1rn .Jiian-So1ilh Fork Rio Grande lrans
mountain <lirersion-Continued 

Tunnel, Be::inir Creek to Junction: 
Length ________________ --·· •• _ •• __ •• miles.. 3. 2 

Diameter •••••••••••••••• ------······feet__ S. 0 
Capacity _____ ••• ______________ second-feet_. 

Tunnel, Wolf Creek to Junction: 
Length ____ . ____ -:_ ___ •.••••••••••••• _miles •• 
Di:imeter ••• _ •• _ ••• _ •.• ____ •••.•••••• feeL. 

Tunnel, Junction to South Fork: 
Length _____________________________ miles __ 
Diameter_. ______________ ••••• _____ ._ foeL _ 

Capacity ••••• ----- •••••• -· •••• socond-foet •• 
Total length of tunnels ____ . ______________ miles __ 

Salvage 

415 

1. 0 
s. 0 

6. 7 
9. 0 
525 

10. 9 

In table 83 of the pre,ious section on water uses and 
requirements it is shown that for the entire Upper Rio 
Grnnde Basin approximately half only of the stream 
flow consumed is by the irrigated acreage; that the other 
half is consumed by losses, arnidnble and unn:voidable. 
Consumption on areas other than the irrigated acreage 
is, in tables 76 to 81, segregated to natfre yegetation and 
miscellaneous. The miscellaneous item includes con
sumption by the nrea of towns nnd villages; lnnd tem
porarily out of cropping; wnter surfaces, including 
pooled wnter, river nnd cnnnl surfoces, and exposed 
beds; and bare lunds, including roads, rights-of-wny, 
and the like. It is in the item of consumption by native 
vegetation that the chief opportunity lies for saving 
water. 

Nonbenefidal Consumption by Natirn Vegetation 

The consumption by areo.s of native vegetation is the 
result of a high-water table from which the vegetation 
may readily draw its supply. The high~water table is 
the result of seepage from streams and canals but 
chiefly from irrigated lands with inadequu.te drainage, 
or without drninnge, upon ,,-hich overdiversions mo.y 
hnve been npplied in nn ende:rrnr to utilize to the fullest 
extent the peaks of an unregulated wnter supply. How
ever, without drainage, the normal diversions from a 
regulu tcd supply hn:.e resulted in time in a high-water 
table and in n. waterlogged con<lition. Lowering the 
wn ter table by drainage so tho. t the supply of v,ater to 
native vegetation would be cut off is, therefore; the 
solution to water rcco,ery in any plan to take ndnrn
tagc of the chief opportunity for salvage. 

Tho ncrenges and consumption (including precipita
tion) under the three classifications of irrigated lands, 
n:i ti Ye Yeget.0,tion, nnd miscellaneous urn given in table 
77 for San Luis section nnd in t,1b]es 79 and 81 for the 
main stem of Rio Grnnde in :\Iiddle and Elephant 
Butte-Fort Quitman sections. Comparison of the totals 
of consumption: for these three classifications shows that 
inign.ted fonds nnd natirn YC!!:ch1tion ench nccount for 
44 percent of the combined total of the three. Con
,erting the consumption figures for nfltive ,egetation 
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to stream-flow depletion by correcting for precipitation 
gives the data of table 104. This shows four areas of 
particularly large stremn-flow depletion by nntive vege
fation; the closed busin o.nd solfthwest n.rens in Sun 
Luis Valley, the :Middle Rio Grande Coosernrncy Dis
trict area., and the Rio Gmnde area from Sun ~farci,11 
to Percha Heading. Of these, the indico.ted depletion 
of 339,000 acre-feet in the closed basin is by for the 
largest. This should be expected in new of the con
ditions conducive to evapo-trnnspimtion losses inherent 
in a closed basin of this cha.meter. The distribution of 
the n11ti-ve -vegetation gi-ven in table 104 within the 
various units listed is sho·wn on the large scnle maps of 
,egetutive co,er, plates 10 to 2'.2. In the closed 
basin it is mostly confined to the eastern half, which 
includes the l:i.rge sump nreil., and to scattered hordering 
areas below tributarv streams. In the southwest area 
it is scnttered throughout the irrigated urea to consid
eni.ble estent, o.lthough there o.re some larger blocks 
which are practically all native grass and brush and 
which are drawing on ground water thnt has seeped 
from irrigated lands. 

T.\llLE 104.-Estimate of stream flow depletion by nalit·c vegetation, 
Upper Rio Grande Basin 1 

·Ba.sin unit 
I ~&ti,;e 

I 
"e~elatiQ!l 
a~reage, 

I 1936 

Strc:im•llow deple_tlon 

Acre·feet I Acre.feet 
per11cre 

SAN LUIS SECTION 

Closed basin area- •••••••••••••••••••••••• - .. -, 40!. 014 i 339. 400 I O. 84 
Southwest area.·----------------------------· 17~. 191 j 16.'i, 600 . 9~ 
Southeast area ........ ··············-·······-· 156. 9St 1;. ~00 • 43 

TotaJ ___________________________________ i-737.199T~I--:-; 

!\IIDDLE SECTIO:,.i-)UI:-;" STE1I RIO GRA);DE 

Colorado State line to Otowi Brid~B-------- .. ! 
Middle Rio Grande Conser~ancy District. ... i 
BOSque del Apache Grant and below to Sa.n 1 

Marcial. ___ .... ------- .. -- ------ -- .. ----. -- -1 

Total. ••••••.•••. ··········--···· .. ·····! 

3,f,51 ! 
00,401 

l~. 781 i 
100. S33 I 

i 

9.2.10 I 
2ll. -100 I 
Gl, 500 

I 

312. !CO I 

2. 52 
:?.67 

ELEPHANT DUTTE-FOllT QUIT~L\:S: SECT[0:0--:\L\IX STE:\! mo 
GRAXDE 

San )larcisl to Percha Ilea•Jins .••••••••••••. .l Rio Grande project .. _________________________ ; 
Hudspeth Count)· Consen·ation and Recla- ! 

mation District .•.••••. -------------········' 

20, 50, 1' !~O .• 100 I 30, Wt :'}2~ SOO 

;, s~o ! is. soo 

4,07 
~- ,0 

3.13 

J.:n Total.._ ....... _ ....•.•••••••••••••••... : w. g.,,, ! 121. 100 I 
====·==== 

Totalorscclions ________________________ i 010.000 j 1,m,r,00: 

1 Dcri~crl from Ilu~au of ,\cricu!tural F.11ginccria; cor.sumptkc use csli111,1k! or 
tables 77, 70, and 6,l by subtr:.cUng normal prccipftntiou. 

In the ifiddle Ilio Grande Conscn·nn0y District 
there :ire many scattered nrens where the <lminn.ge 
system ho.s been only partially effecfr.e or wholly in
effective in lowering the ground water, :i.nd these o.reo.s 
fl.re supporting nath-n ,-cgctntion which is forgdy grass 
:ind bosquc. Outshlc of the district bomularics there 
o.re :i. number of unclrainctl areas in the 1vliddlo V:i.Ucy 
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upon which he::i.ry growths of native· Yegetation are 
consuming forge quo.ntities of we.ter. The largest of 
these is tha.t portion of the Bosque del Apache Grant 
within the Rio Grande flood plain. 

Outside of an area of heavy consumption by na.th·e 
.-egetation at the upper end of Elephant Butte Reser
voir and aloil.g the 11.ver between Elephant Butte and 
Percha. D11m, such consumption in the Elephant Butte
Fort Quitm11n section is largely on scattered small area.s 
"ithi.n the Rio Grande Project and somewhat larger 
nreD.S along the fr,er in Hudspeth County. 

Datn. are not available to pennit eYen a.n appro:timnte 
determination of the total nmount of water which might 
be feasibly and econom.i.coJly reco,ered from the million 
acre-feet or more by which the stream :flow is annually 
depleted in supporting the growth of native vegetation 
in the Upper Rio Grande Basin. It seems unquestion
able, however, that some fraction of this loss should be 
susceptible of economic recovery by proper drainage 

· construction. There is still o. greo.t o.mount of land 
which is undrained. 

Status of Drainage 

As listed in to.ble 105 there are 15 drainage systems 
in the southwest n.nd closed basin areas of San Luis 
Valley, besides n large number of roadside drains not 
included in any system. The gross area under these 15 
systems is 206,000 acres, of which 75,000 acres are in 
the southwest area and 131,000 in the closed basin. 
The Rio Grande Drainage District area of 30,000 acres 
in the closed basin drains to Rio Grande, but the Qther 
closed basin systems drain to the sump of that basin. 
The dmmage systems of the Rio Grande District and 
the San Luis Valley Irrigation District have made 
possible the cultivation of the lands north of Alamosa 
!1.nd enst of the chief n.gricultura.l region lying between 
rdonte Vista and Center and on the higher slopes below · 
the Rio Grande canal. In the southwest area drainage 
hos been effective in rel.ieYing seepage o,-er much of 
the area below the n!onte Vista and Empire canals 
"ith the exception of a strip about 6 miles wide just 
west of Rio Grande where wild hay is grown. 

The total irrigated and ,•rater-consuming acreage as 
mapped in the closed basin is 733,000 acres, and in the 
southwest o.reu 483,000 acres. Of these totals, 334,000 
u.cros in the closed basin and 235,000 ncros in tho south
west nrca o.ro sern:id from Rio Grande. Compn.ring 
,\ith these figures the gross acreage wulcr dr:i.inngc 
syst.cms as gixcn in table 105, it will be seen thnt tho 
drained area in the closed bosin represents 18 an.cl 39 
percent, respecti,ely, of the basin's total watered aron 
nnd thq portion served from Rio Gmnde, and that the 
southwest drained area represents 16 and 32 percent, 
respectfrely, of the total southwest o.re::i. and its portion 
sen·ed from Rio Grande. 

Riu Grande Joint Im:estigati011 

TABLE 105.-Drain.age &!)Stems in San Luis l'alley 

System I 
I • 

Oro::=£ a.rca 

1

, Year com· J )tilea'le "~ 
acres pleted ! drain< 

TRlBl:T.-1.RY Td' RIO GRA:,;D.E' 

p ' f~~i'
11
Droina.ge Di..trict ••.••.••••...••••...• 1 

Moote Vista toW'Il •••••.••.•••••....•••..••.•• 
Norton ••••••••••..••••••.. --- .•••••..•••.••.• · 
Rio Onmde Draiua,.""1' District'-·-·········--; 

5f.a::s~:V;i.:::::::::: ::::::::::::: :: :: : : : : I 
San Luis Vane,- Draina;s Di~trict n,>. I (La · 

Jaral •...••••••....••••.•......•. __ ...•.•... 
Waverly Dmlna.,..., ~is\rict •••.••••....••••.••• 

1 Bowec Dn1!oage DIStrict ••••••...••.•.•.•••.. , 
Morga11 Drallla!ie District-••...•••.•••••.. __ ! 

6,000 
s. 040 
2,060 

900 
11.000 
30,000 

I, COO 
1,440 

n. 300 
12. 900 
13,,100 
ll. WO 

1913 !I 1914 
1915 . 
l917 
191S 
19".lO 
19'.!'..! 
19Zl 

um 
1923 
1924 
!02-1 

Total .•••.•••••••.•..••..•.........•.•.. IO~. 8f,O ---- •••••••• i 

TRIB"C'T.\RY TO SD!P, CLOSED ll.\SIX 

Ml;:ntre:::::::::::::::::::::::::::::::::::::I J2: ~ I mg 
SWl I.u1S Yalley Irrig;itioa District........... 67,000 1929 ----·----·---

Tot?L •••••••.•••••••.•••••.•.•••••.•.• 1 101. 400 1. ........... 
1

1 

• I 

' All la southwest ares. except ll:lo Oraode Drainae;e District. 
• Ill clo.,ed basin but outlet is to Rio Grande. Drainaga dt,·erred abo,·e outlet r~~ 

irrigation, draics to samp of closed. b:i.sin. 

The development of dminage in So.n Luis Yalley hns 
been such as to afford an opportunity for e:i::tensi,e 
rediversion' of the drain water to irrigate lower lying 
lunds1 or to check the drnins during the irrigation 
seasori'so as to hold up the \"\"ll.ter table in the nre.:i 
where subirriga.tion is pmcticed. The effect has been 
to reduce whn.t would be a normal river return. It 
appears probable that a continuation of this diversion 
and reuse of drain water may be anticipated under 
future drainage development. Th.Is applies more par
ticularly perhaps to the closed basin tho.n to the south
west area. As further drainage is developed along the 
ea.stem border of the present irrigated lo.nds. occupying 
the western half of the closed basin, opportunity "ill be 
afforded for the progressh·e reclamation to the east of 
the lands which were culfr,ated many years ago but 
were subsequently abandoned when they became 
seeped. .r.Iuch of the eastern lands can probn.bly be 
reclaimed and irrigated from drain dh-ersions in thi~ 
way, and ·";th future storage development for the rnl
ley limited in purpose to equalization of the water 
supply of the present irdgated acreage, the -drainage 
water is practicn.lly the sole source available for such 
eastern extensions. Howe,er, since, o.s sho\\~ by table 
77, the consumption per acre in the closed basin by 
irrigated" lands and no.tirn vegetation is about the same. 
the drainage of. an nren. of nnfr.-c Yegctation shouh! 
supply an equin:i1cnt area of irrigated crops. 
· In the Middle V uller. the present open drain system 

of the Middle Rio Gr,u1de Conserrancy District wn5 
completed between 1930 o.nd HJ35. It drains_ the ore;;. 
from Cochiti to the northern boundary of the Bosque 
del Apn.che Gnm t, except for one or two tracts ulong the 
river on the east side whlch are not included in the di;;. 
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trict. As indicn ted in the section of this report denting 
with ground water the a,ernge lowering of the water 
table in the conservancy district due to the drainage 
construction wns 3 feet1 and the maximum average low
ering for any one o.ren of the district was 3.67 feet in the 
Pernlta-Tome area..., Drainage has not been completely 
effective over the ,vhole district, as there are still nu
merous smo.ll ureas where the water table is high. This is 
particularly true with respect to areas adj a.cent to the 
river outlets of riverside drains where the gradients of 
the latter are necessarily very fiat, and in the bosque 
areas bordering the river in the lower di visions. There 
are no drainage systems in the Middle Valley outside of 
the conservancy district and, as indicated by the 1936 
surrey,.the undrained area of high water table between 
the southern boundary of the district and San j\forcial 

· totals about 17,000 acres. 
In the Elephant Butte-Fort Quitman section, drnin

nge is effective and prnctically complete ·with.in the 
n.rea of the Rio Grande Project from Percha Dam to the 
Hudspeth County Line. In the Hudspeth Count.v 
Conservation. and Reclamation District a complete 
system of open drains hns been under construction dur
ing the past few yenrs nnd is now -rirtually completed. 

Proposed Sump Drain 

There is one project for the saknge of waters nmY lost 
by e,aporntion and transpiration by nonbeneficinl vege
tation, which has in recent years received much con
sideration and study as to feasibility and probnble water 
yield. It is the so-called sump drain,. a trunk drain , 
proposed to collect the waters in the sump area of the · 
closed basin, San Luis Valley, and discharge them to 
Rio Grnnde a few miles above the Lobat-Os gaging sta
tion. The water thus added t-0 the river would enter 
below all irrigation diversions in Colorado but would 
become avo.iln hie for diversions in New Mexico. In the 
Rio Grande Compact concluded in 1929, constn!ction 
of the sump drain is ad,ocated as a desirable feature in 
the economic development and conser....-ation of the 
waters of the Upper Rio Grande Basin and as a helpful 
factor in the reaching of ll. permanent compact nnd 
acco_rd among the three signatory States. 

Various estimates of the average amount of water 
that would be added to Rio Grande annually by the 
sump clra.in have been made from· time to time, begin
ning with the estimate of 300,000 o.cre-!ect by St:rnnnrd 
nnd :Miller of the Bureau of Reclnmation and Dep11rt-
1ncnt of .Agdculture 1!)15. R. I. 2\leckcr, enginec1·ing: 
consultant for Colorndo, estimated from 175,000 to 
'200,000 acre-feet in data presented at the Rio Grande 
compact meeting in Santa Fe, Jamwry 10~9: nnd 
Dobler, Fowler, nnd Stout, u committee of engineers 
~ppointed to report to the Federal Emergency Admin-
1stration of Public Works in connection with nn appli-
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cation filed for construction of the sump drain as a 
project of that agency, estimated 40,000 acre-feet in 
1935. 

As outlined in the Dehler, FowTer, Stout report, the 
drain would follow quite closely the trough of the basin. 
It would drain the numerous shallow lakes which collect 
there during the wet season and serve to lower the 
water table by as much as 5 feet adjacent to tho drain 
and stream channels. Tb.is would permit the flow of 
many of the streams now seeping the area to be carried 
to the sump as surface flow, and eliminate ns well the 
present seeped condition which is responsible for the 
losses by evaporation and transpiration. Above Hend 
Lake the development would comprise a storm-water 
channel with a depth of about 5 feet. Head and Sun 
Luis Lakes would serve as regulating bnsins to permit 
the temporary storo.ge of possible flood flows either 
from San Luis Creek or the east side streams, and 
permit of a smaller drain capacity between the lakes 
and Rio Grande. The drain would cross the closed 
basin barrier in a deep cut and join Rio Grande at Han
son Bluff about 3 miles above the mouth of Trinchern 
Creek. 

Sources of draiMge recovery.-Rel.iancc can probably 
be placed up9n two sources only as a water supply 
aYnilable to the sump drain. One, the smaller, is the 
contribution from the west by the ditches nnd drains 
carrying waste and return flow from the area irrigated 
by diversion from Rio Grande, and the other, the main 
source, is the flow from the eastern streams which 
drl:lin the western slope of the Sangre de Cristo Range. 
On the north, the areas along Saguache and San Luis 
Creeks are at present seeped. Practically all water 
reaching the sump area from these creeks is used in 
irrigation of large meadows in the northern pcn't of the 
nroa. In all probability nny recovery of wnter from 
these seeped areas would, in keeping with present pr.1c
tice, be rediverted for irrigation, and is, therefore, 
hnrdly to be counted upon for nny contribution to the 
sump drain. 

In 1936, o.s a po.rt of the Rio Grande joint .im·estign
tion, the Geological Survey mnde weekly measurements 
of nll ditches and drains crossing the rond running 
north from Alamosa on the section line 2 mile;; west of 
the line between rnnges 10 and 11 eest, during the period 
June 25 to November 28. The total discharge for the 
period June 2:{ to NoYember 30 of 39 ditche5 nnd one 
drain entering- the sump nrcn ncross this line of mcnsure
rncnt is estirnated to ha\·c been about 10,000 acre-feet. 
A portion of this is used for irrigation cast of the line of 
measurement but most of it is lost by evnporo.tion and by 
tnmspirntion by brush. Bused on these measurements 
for the G months of record, it is comidcred that a con
tribution to the sump drain, after irrigation require
ments in the sump area hn.ve been rrn,t, of 10,000 ncre-
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feet per yenr from the irl'igated ncrenge of the closed 
basin thnt is served from the Rio Grande may be 
conservnti \·ek assumed. 

The water· aniilable to the sump drain from the 
enstern streo.n1s is represented by the possible saving 
of the water from these streams now seeping the sump 
lands, nfter the demands for i.nigation ha,e been met. 
The sump areas of native vegetation fed by en.stern 
streams nre about a third in grass and two-thirds in 
brush, with a consumpfrrn use including precipitation 
as taken from the datn, of the Bureau of ..:-\.,,o-riculturul 
Engineering (tt1.ble 76) of about 1.2 acre-feet per acre 
per year. Precipitation in this part of the yalley nYer
o.ges between S nnd 9 inches per yeo.r: About 0.4 of the 
demand of the native vegetation is thus being supplied 
from ground water sustained by the seepage and oyer
:fiow of the streams. The extent to which this supply cnn 
be reduced by construction of the sump drain depends 
upon the depth of the drain o.nd lateral system, if nny, 
n.nd its general effecfo·eness in lowering the ,,,nter table. 
This remains o.t this juncture more or less n. matter of 
conjecture. In the subsequent analysis assumption is 
nmde of savings of 75 percent of the present depletion 
by na.tive vegetation, including grass and brush but not 
trees or bosque. Trees or bosque, being ndjncent to the 
streams, would probably continue to obtain water us at· 
present. It seems likely thn.t this percentnge would 
represent nn upper limit for the savings. 

In Append.i..\: B, which gives the deto.ils of the estimates 
of wn.ter production from run-off as summarized in the 
section oI this report on water supply, the run4)ff, o.t 
the foothill line, of the eastern streams of the closed 
ha.sin was estimated by diYiding them into three groups. 
Group A was taken to include those tributary to St1.n 
Luis Creek from the Villa Grove gngi11g stn.tion to and 
including Snn Isabel Creek; group B those from Korth 
Crestone Creek to Den.clman Creek, inclusive; o.ndgroup 
(' the remt\ining creeks to the sou them boundo.ry of the 
d11scd !in.sin. The mct1.n n.nmrnl run-off of group A 
wa.:-: t'Rlinrntcd to he 30,000 acre-feet; group B, 32,700 
acre-feet; and group C, 38,000 n.crc-fcet. 1'hc so11thcm 
strcn.ms of group C, :'.\ledano, Zn.pii.to, n.ml Umco Creeks, 
enter n. mu ch wiilcr Ynlley u.re:1. thnn clo the nortb
Nn strcn.ms, n.nd there nre n. few well-developed ditch 
sy;;tems in this section tl\nt sc1Tc cxtcnsiw tmcts. It 
is do11 b tflll whet-lier these stn:-.o.nis wouhl contrihutc 
anything to tlic sump drain. Hence, in cstinrnting the 
flow of the eastern streams n-ni.ilable to the drain, lrn.1£ 
only of group C run-off wns taken, mo.king the total 
cstim:ited mcnn anntrn.l run-oft at the foothill line · 
Sl ,700 nci·e-fect. 

As ·described .in the ground-water report of the Geo
l0gical Su rn:-y I Part II, tho strciuns of S:::n Luis Y:dloy 
arc, below tho foothill line, suhjcct io perc:olution los:,t•;:; 
to both the shallow ground '.·:ater and the urtesirm 

Rio Grande Joint Investigation 

aquifers underlying the nilley. These losses occm u;; 
the streams pass oyer the porous n.lhn-fo.l fans below 
the mouth of thi:: cnnvons. Ko ndequo.te measurements 
of the stream losses ~f this• character nre nrailable, but 
as some indication of their ma!!nitude in the co.se of the 
eastern streams, comparison ;-us made of the records 
of discharge o.t two g,1ging stations mnin tnined on 
Trinchem Creek ri.boYe ).lountnin Home ReserYoir. 
The upper station is nt Turner's R:i.nch and the lower 
just abo,-e the rese1.-oir. The records me n.vnili,hlc 
only for the months April to XoYcmber of each year 
o.nd for the period 1923 to 1936. In this period o.nd 
for these months they show n mean loss between tho 
stations of 3,600 acre-feet. The mean run-oft at the 
upper station for the so.me months of this period was 
15,500 acre-feet. Between the stations there is n large 
hny ranch, of which perhaps 1,200 io 1,500 acres arc 
irrigo.ted. The consumptive use by nath-e bay bnds in 
this district is assumed by the Burc:lu of Agricultural 
Engineering at 1.5 acre-feet per ncrn. Precipitation 
O:mounts to a.bout 10 inches per yenr, whlch giYes a, 
strenm-fio"w depletion of :i.bout 0.7 acre-foot per ncre. 
For 1,500 acres this would be only 1,000 ncre-fect per 
year, which lenses 2,600 (I.ere-feet of the loss between 
stations unaccounted for. By prodigal use of w:1.ter so 
tho.t e•rn,pomtion losses would be incrco.sed, this deple
tion might nmount to considerably more thn.n 1,000 
acre-feet, but hnrdly enough more but thnt the loss to 
be attributed to deep percolation would he-less thnn 10 
percent of the flo,v at the upper station. Lacking 
further do.ta and bo.sed upon this comparison, percola
tion losses to the artesian aquifers from the eustern 
streams was .o.ssumed at 10 percent of the run-off nt 
the foothill line, thus reducing the estimated i11flow of 
these streams to the sump area from 81,700 ncrc-fcct 
to 73,500 n.cre-foet. 

Using the Bureau of .Agriculturnl Engineering esti
mates of nnit consmnptiw: nse (tnhlc 70), and the irri
gated n.nd water-consuming ncrcngcs in the coJ1su111pti n: 
area supplie1l hy the co.stern streams (considered to Ii,• 
n.ll in So.g:uachc County) :is gfren in table A of J>nrl I J l, 
u.nd correcting for preC'ipitntion, the sump depletion nf 
the inflow of the Cl\stcrn strcnms WIJ.S deri vcd as shown 
.in t1J.blc 10,3. 'l'hc close agrerment between the inch
c::i.tcd total depletion of 72,300 :1.cre-foet and the inflo\,· 
n.s cstinrnted in the JH'CYin11s p.m1.gmph affords somr. 
confirmation of the correctn.:c;s of the latter cstim,t.fr 
since, at prl'sent, this inflow is entirely consumed. 

Estimated 1·ecoi·e1·y by sump drain.-"Csing the Ll:~tfl. of· 
the preceding paragraphs, the recoYery by the sump 
dmin was estim1J.ted on the basi:; that it would rcCOYer 
75 percent of the ~rournl wo.tcr fed by eastern stream;; 
now consumed h~· the C'\·npo-transpirntion of grass awl 
brush Mens nm! 75 porl'cnt of the pookd w:i.tcr :;mbcc 
losses- Tlie estimate follows: 
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,\ete-!eet 

Losses ( Inllow 

i I 
E,timo.ted inUo,~ from e..stern !treo.nis nt lootllill line_ ••.. : ...•...•.... :· Sl, 700 
Percolation las.; to arie;i~n basio ••••.••• -- .... -- ..••. ----. S, zoo i ..•...••.••• 

D~~~~~iob/~;;~f,~·. -~~~i-~:~ -~~!~~~:'.~~'..:~~--~~~~~ -~~~~r---: 3,, ZOO I········---· 
foflo.-. rroru "e,t ,id~ n,a,labl,l to drain............................... 10,000 

I ' 
TomL. •••..•••.•••..•..••••••••.•..••.••••.•••••••.. 1 45,400 i 91, mo 

Xet re<:o,ery by drain .••.•.•••••••..•••.••.•••.••••• j.---········! 46,300 

TABLE 106.-Estimated v:ater cnnsumption in the area I supplied 
by eastern streams of the closed basin, San Luis ralley 

Cla.s~iocation 

Consumpti,·e use I 
ptr year :'-le.an an· Ai:nrn,:,.l 

nu9l pre· stream· 
Acreage I cip1tatiou flow de· 

Acre-feet Totnl I on the area pletion 
per ncre acre-feet (ncre-!eetl (acre-feet) 

{1) (Z) -(-3)_._<_4)_
1 

(5) (6) 

lrri;nted.................. 30,50. • l.S2 .iG,400 \ Zl.400 ! 23,000 

Grass................. 32,;03 l.O 32,$00 :r.J.000 9,SOO ::,;.,t(,·e ,c~etntfou: 1= =,· l 
Drusll •• - .. ---····-···- 57,0.;s 1.3 I H,200 40,000 34,200 
Do,4ue-tree, _________ . 113 a.s 400 100 300 

Total n:iti\"e ~e~ct~· I I I 
tion ...••••. ·-·--··· so, rn;1 • 1. rn l0,,4GO 6-,.100. 44,300 

\Yatcrsurli>l.-cs •...•..•• _._ l.002 / 3.5 j 3.500 / 700 I ~.soo 
l\Hs~!laneou,;; __ .•..••..•. a,JIIS , . 73 3.000, 3. mo 200 

Total................ 126, ,ss 1 • 1. 28 j 161,200 ! SS, 900 / ,2, 300 

' T al.en as the area supplied by tbosa streo.ms which would contribute to the pro-
posed sump dr~in and considered to be all in Sagua~he Counn·. 

' Computed "'eighted mean o[ a number ol c!JJ.ssificntions. 
• Includes bare lands, ,·illage areas, and lands temporaril)· out or cropp(og. 

Columns 2 and 3: From dnta or the Bureau o[ ... ;ricultnral Eugineering as gh·en in 
tahle A or part III and table ;u. . 

Column 5: A ,·er:ige mean nnnual precipitation taken a.so:; foot. 

As prcsiously stated, the estimated snYing of 75., 
percent as used in the above analysis should probably 
be considered as an upper limit. In view of this, nnd 
the uncertninties which manifestly enter into this 
dcrirn tion, it -;;ecmcd best to adopt ::i. rounu figure of 
40,000 ncrc-fert ns the cstimn.tc of :tYcrngc reco,cry 
to be nnticipn.tcd. 

ln atlditi,m tn this nn:-rngc nnnmil l'lTOvt'l'.'" by the 
:Slllllp dl'alll nr '10,000 tWl"l'-fcCt,. tlH'l"C j,; the ]IIIS$ihlc 
recon•J'\" nl' !lnotl watr1-s from S,ln Lui,; all!! Sn .. 1wchr 
Cred:s i·nr \\·hi!'\1 no nllowtuwc was llliHlc in the -:11~11Y"'is. 
There wouhl 11rnb.1bly be some accretion also from 
<lrninn.ge of sump lnnds ndjncent to the rlrain in Alamosa 
County, not nccountcd for in the estimate of 10,000 
:,crc-foct from the west ,;itle. 

J n the en:-nt. of coustruclion of ti ic :;ump tlrain, it is 
likrl:,.: that- the prrsent Lhninag!.' systems in the closed 

:: hnsin would be extended and that ultinwtch· the mnin 
( 1lrain would be extended heyond the limit~ now pro
~ posed. 1'foch of the drainage wo.ter would be rcdi-

nrteu, so that e-ven with :i g:rcutly expnndf'<l drainage 
systc-m it is doubtful if th0 total discharge to Rio Grnndc r of thr !'\lllllp dniin wn11l1l H11W]1 CXt'C'l:d ! h1~ fn1·pg-ning-

i c:;liru,1l1.: of -lU,000 at1T-fcl'l per ycur. · 

"' 1l15-;J5-10 

In the earlier years following construction of :1 sump 
drnin the yield nndoubtedl.r woul( l be gn',1 tcr until the 
uccumuln.ted ,rnter in soil storug:c h.Hl been withdrawn, 
Which llll!!ht tnkc se,eTill SCUSOUS. • 

There ;re few cfota upon which to bns~ :m estimate 
of the monthly distribution of the sump drain flow. 
Since the chief source would be the salrngrd flow of 
the en.stern streams, the monthly distribution of the 
drain flow would ,ery likely be quite similar in char
ncter to that of the stream flow. There would be some 
modification due to the smaller amounts of drninage 
nnd'wuste coming in from the west with n distribution 
of different character. Taking these considC'mtions in to 
uccount and using o.vailnble stream and drainage rec~ 
ords, a possible distribution was derived ns shown in 
table 107. 

Quality of sump drain water.-In the quality of water 
innstigntion.'>, the data of which arc summarized in ti 

pre\·ious section and reported in detnil in Pn.rt I\", 
anuiyses were mude of ,niter samples taken in 19313 
from the streams and drains tributary to the sump 
urea, from ground water in this area, antl from Snn 
Luis L.1ke. With respect to the salinity of the strenm 
flow, the interpretiYe report of the Burcnn of Pbnt 
Indust~T states: 

Water s:i.mplcs h:i.vc been taken from six of the strc:i..ms that 
discharge into the northern part of the valley from the Sangre 
de Cristo Mountains on the c::15t, from Crestone to Sand Creek. 

The conductance of these is very low, ranging from 4.u to 
10.-1. The dissolved constituents arc chiefly silicn and calcium 
bicarbonate, so that these w11,tcrs probably contribute very little 
salinity to the valley lands. Of the streams entering the northern 
pmt of the valley from the west, four hsxc been snmplccl, from 
I-i:erbcr to La Garita Creeks. The conductances of these samples 
range higher than those from the streams on the cast, from 9.1 
to 64.1 with the highest conductil-nce found in Kerber Crl'ek. 
Detailed analysis of s:l.!nplcs from Saguache and Carnero Creeks 
show that hero also the chief dissol\·ed con;;tituc11ts am silic:, 
i.nc! calcium bicnrho11nte. These findings indicntc that curn•ntly 
the streams dischargin,!! into the northern pnrt or the S:,11 Lnis 
\·:illt•y .'."Ire conkih11ti11g vcr.\· lit tlc polc11tial sali11ity lo tlK 
\·alley bn,ls. 

T .1 n1.r-: 10,.-1~·.,1 i ,wtlr•.I /111t!l •rnd 7wxsil,lc. ,,wntlily rli~li'iulll ;,,,, ,,_r 
11111nuil yid,I of propMc•l sump ,lrllin, San LtJi.q 1 ·allcy, Coln. 

:\J onth1y ,lislrihut ion 
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The same report comments also on the drainage 
snlinity and that of San Luis Lake as follows: 

Samples from two stations on the Rio Grande Drain show 
conductances ranging from .27.5 to 56.9. The area north of 
Center is served by the Gibson Dmin, whlch has been sampled 
at two stations where the conduct:i.nces ranged from 29.6 to 36.6. 
The area lying to the east of Center, toward the valley trough, 
is serYed by the &n Luis Valley Ittigation District Drain which 
discharges into San Luis Lake. This drainage system has been 
sampled at si.'t stations with conductances ranging from 39.3 to 
67.8. Samples have been ta.ken also from two &ta.tions on San 
Luis Lake where conductances ranging from 63.9 to 10S were 
found. Detailed analyses of samples from the lake show that the 
chief s:i.lt constituents are sodium and m.:imesium combined 
with bicarbonate, sulphate, and chloride. -

The report of analytico.l data gives the results of 
conductance tests in 1936 on water samples from 43 
shallow wells in townships 40 and 41 north, range 11 
east1 which include San Luis and Head Lakes nnd n 
portion of the sump e.raa west and north of the lakes 
which would contribute to the sump drain. These 
tests sho'",.. a range in conductance from about 30 to 
as high as 800, with a rough average of about 170. 
The wells showing some of the higher conductances are 
close to San Luis Lake, although, as noted above, the 
conductances of the lake water itself, as sampled in 
19361 did not exceed 108. Detailed analyses made of 
samples from 6 of the 43 ·wells, with an average con
ductance of 166, show averages of 1.55 tons of salts per 
n.cre-foot., sodium und chloride percentages of 87 and 6, 
respectively, relatively high amounts of bicarbonates, 
and low amounts of calcium, mn.:,onesium, and sulphates. 

Rio Gra11de Joint I m:estigatio. 

Presumably the salinity of the sump drain wo.tet 
,rould at first be largely of the s:nme cha.meter as thn 
of the present shallow ground water in the ,icinity 
Based on the average of 1.55 tons of sn]ts per acre-foo 
ns given above, this means that the estimated 40,001 
acre-feet flow of the drain would carry into Rio Grandt 
annually about 60,000 tons of salts with n mnrkedl} 
unfavorable prepondernnce of sodium combinations ir 
its constituent pnrts. Table 52 of the section of thi; 
report on quality of water indicates that in the period 
1931 to 1936 nn a,erage of 638,000 tons of salt wa~ 
carried pnst El Paso annually in Rio Grande. The 
probable maximum inflmt" of 60,000 tons of salt an
nually from the sump drain represents, then, 9 percent 
of the sn.lt carried pust El Paso. This does not mean, 
howe,er, that there would be an increase of 9 percent 
in the salt content at El Paso, sjnce part of the salt~ 
from the drain w·ould ineritably accumulate in the 
)fiddle Valley. 

It is to be anticipated that in time the drain water 
would become fresher, with the salinity diminishing to 
a content more nearly 11.pproo.chlng that of the surface 
and druin waters entering the sump. From the con
centmtions indicated for the latter by the 1036 investi
gation, this might mean a reduction in the concentra
tion of the drain flow to 1 ton of salt per acre-foot or 
lower, with a corresponding improvement in the snit 
constituents characterized by lower sodium nnd higher 
rnlcium percentages. 
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PART I 
SECTION 7.-AVAILABILITY AND USE OF ,YATER uNDER GIVEN 

CONDITIONS 

Previous sections of this report huxe established the 
nrnil.1blc water supply in the -Upper Rio Grnnde Bnsin; 
the uses nnd req uiremonts for wo.ter, including estimntes 
of the required dh-ersion clemnnd of the innjor units of 
the bnsin; the opportunities for water storage; and the 
possibilities of additional water supplies by trnns
mountuin dfrersion and by sah-nge of present losses. 
l,;'sing the data thus developed, it remnins to determine 
the effect upon, and conditions 0£ water supply n.nd 
u5e in, the Snn Luis, Middle., and Elephant Butte-Fort 
Quitman sections, for the various possible combinations 
of draft, storage de,elopment, transmountuin di,ersion, 
nnd s:ih-age im·oh-ed in a solution of the water problems 
of the 'C'pper Rio Grande Basin; and to compare the 

conditions so determined with those of the pnst and the 
present. ..\ccordingly, this section presents the results 
of nnalyses of n number of gh·en sets of conditions ns 
listed in ta.ble 108, nnd ns outlined in more detail in 
the follo"ing paragraphs: 

Various Given Conditions 

Cmdition So. 1 

Present storage rapacity above Rio Grande nrca of 
San Luis Yallcy. ______________________ ncre-foct__ 130,000 

Diversion demnnd on the Rio Grande in San Luis 
Yalley ___ ------- ------ .... ------. _______ acre-feet .... 650, 000 

Return to Rio Grande in perrcnt of total Rio Grande 

diversions •• ------------------------------------ 16 
Period of aml.lysis, 189'.?-H>OJ and 1911-3.5. 

T.\BLE lOS.- rarious: gfren conditions for u:l.ich analyses: of availability and use of u:ater are made, l/pper Rio Grande Basin 

; Stor:i:,e rn,·ersion demands I l 
Con· i--------------- -----------,.---1 I 
diwmj : Cnp;icit}· i 1 000 Oth- -nd;t;ons Per:od of 
num- Re;er..-oin i l.OOO D;1Sin units I acr~~l~t ~, w ' ' sn5,,5 is 
bet 

1 
11 

acre-feet umts 
· unit3 

Determination o!-

. I 1-----------! -----------!\ Ptesent San Luis Ynlle}· .............. I 1 130 Rio Grnnde nre-.1-S:U1 Luis '650 Return Do .. to Rio Grnnde lG I l~li-35 I Eifect on San Luis Va!JJ!v and 
· ,·alley. p,,rcent aT dl.-er<ions. I Lobatos. • 

! Pre..<entSan Lui, \"nller ............. J • 130 San Luis Valle;.................. (') Presentcondltlon.sinS,m Luis 1~1-!904, Ei!ect on Middle Valley, San 
I El Vado--.---·--······-··------··---j l9S )liddle Valle:,. _____ .............. 580 Ynll.ey. ll'!l-35 [ llarcinl, and Rio Gr-.l.i:lde 

I 
Elephant nuue .• _ ................... 

1 

:!,Tat R~Ie,:~~de project and 7.;J ii proiect. 

3 Present San Luis Yailcr ............ _; • 100 Rio Grnnde area-S:ln Lui< 650 I Return fto,.. to Rio Grande I0!!-35 Ef!ect on S:m Luis Valley and 
Vegn-i>ylreslre .......................... J 240 Yalley. 16 pereent of diversions. Lobatos. 

4 Ptesenl Sw Luis Valle,_. ___ ......... 1

1 
UlO Rio Grande area-San Luias I 6aO Return to Rio Gninda in San J.S2-t91}t :Effect on Son Luis Va.lier. 

Vruley. I Luis Yal!ey 16 percent or l'll:-35 ' Lobatos, }.liddla Valle;. Snn ii:~!~~::;i~?::::::::::::::::::] ::m W1t~~ct~1roiectiin,niex:·1 ~ dh-ersiollS. ' : ~:~r:ctl, Bnd Rio Grande 

Present San Lui; Yalley.............. UlO Rio Grande nrea-.S..n J.ui; I G.;o Return to Rio Gr.inde in San! IS!rJ-1~ ' Effect on Lobatm. :Middlo 
Valier. Luis \'alley S percent of di· I~il-3,; I \"~!le;, San Marcial,and Rio 

I 
n·a~oll Wheel Gap ................... ; l,000 :Middle \"allef .••••.•••..•.... , m t>ersioo.,. : Gr-~llde project. 

G l !!cE:_i:~~~~~~::::::::::::::~:::::; 2, ~!! :!~::::: pr::c:::d,::::J 
t ! 

, 'i Present San Lui, Y:lller ..•••..•••••. • 100 Rio Grande area-San Luis ! 
\':,;lie:,. I 

I W~on Wheel Glp ..••....••••...•. .! I. 000 Conejos area-San Lui; \"alley.: 

I if~~':o.~:::::::::::::::::::::::::::J :~ ! J\Hddle \"alle; ................. / 

S 
1 

P~><!Dt San Lui; \"~I~}·-····--··----~ 100 Rio Grande area-:;an Luis' 
Yalle1·. / I Wagon W1,ttl G:.p .... ----------····' 1,000 I 

, Yc;a-Syh·estre.. .•••.•....•...•.•.... :?10 ! 

~ i Conej'>S ............................... i 1621 Conejo1nren-San Lui; ,·:1u~r-; 
I l I ID i r~nt ~an Lui;,-~!!,·~·-----··-·---·; 100 Ri~ Grande area-San J.u;;, 
I · . \ alle~·. 
l wa~on Wheel (ht• l.tJOO Cmlci03Mrcn-s~n Lua;Yall.,y., 

: i~~l!t~~~~~~:~~~)~~~~(~~~~~j m 11
\t~%~~~

1

%~IcctuuJ"ii~~:·1 
! Elephant llutt~-----··--···········-: 1. za 

U ! Pre;entS3n I.ui; Y::llcy ...........•.. 100 Rio G r:indc area-San Lui,; : 
,·ane}·. 

I i~~~r;~:~:'._~~-~:::::::::::::::::~: 
l E!Pp/1.,nr H!l!re .......•.•........... 

: l"pi'lfr Rio nr:lncici 

1,000 )riddle \·311.,, ......•.••...... 
41:0 Rio Grande project nn•I )le<· · 
1~·~ : ieo~ 

~- z;-1 t 

' le~,il monthlr J i.,rribm ion. 
• Lob.atos lion· de[ll~t<,d for pre.sent conditions ,i; in c,1:,1~ 1;. 

Return fiO\\" 35 pemat or di-
l'ersiom~ 

i;30 Return lo Rio Grande !n San 
Luis Ya.Iler 16 percent or di· 
~iom;-Conejos return, 
:;.; l)em!llt. 

;?;lO 

5-,,0l 

19Ii-35 i E:I~ct on Conejos a-re:;. 

19.a-3-5 ) Elfeu oa Lobatns, )liddle i \"alley, and San Marci:11. 

';50 I Xo increa..<e in tot;il return 12::-J; i E::e~t on Rio Grruide areal io 
I llo"· o,-er th'.lt with 6.30.000 i $~!I. Luis Valley. I demand. I , 

• 300 ; Xo inerea..<e in Iota! return 19ia-35 Eiie,;~ on CooeJos am'.I. 
I now owr that with :?30,000 . 
I demand. ! 

l ,50 ! ::,.;o iocre:ire in total return ! !~l!-3.; Eff~: on Lobato,, '.\liddle 
j nflu- in Snn Lui~ \"':iUe;r over \'3,!i"?F1 San llnfci:ll~ an,J 

• ~" j th'.lt with 650.000 aod :!30,000 I 11:o (.ira1i.lc project. 
~,o I dc:l!ands. 
;;-;i ' l 

I ! . I 
G-;o : Rdura to Rio Gr.lode io S"n I !5~•2-1~ Effec: on I.oh3!1JS. '.\lid•llr. 

Lui.a Val:c~· 3 percent ,if di· 119,~-35 · \"3l!er, Sa!l )!areinl. nll<I 
.NO : rer~ioru. Sump dr:iia an- P.:,J Gr3nde project. 
• •• :i, nrul dhch~r!!e to 1:!o 

Gr:mtle or -i0,000 :icre-ttet. ! 

• 100.000 aC're~r~et C(l-n::ide:~ ! effr('rl\~i'. 
.1 ;.\l:.u:~mu~n -p,..,.15iib?c -d1:tvil, 1 i-1me-:i;~ 

! ·)--· 

CO- 003079 

TX_MSJ_000159



128 

This au,1h-sis is to show the effect on the water supply 
of the a1·ea · no,\- served from Rio Gro.nde in San Lui;:; 
'\"alley of nny attempt, ,,-ith the pre;;ent limited stornge 
capo.city, to divert water in accorclo.ncc with nn ideal 
irrigntion demand l'fl.ther than to take it, ns at pl'esent 
n:rnifoble. In this analysis and the subsequent annlyses 
for other conditions, the periods used were 1$92-1904 
and 1911-35. In order to determine the effect on 
Lobntos of gi,en conditions n.bo,e Alamosa., the 
chtmge n.t Alumosa wns applied to past Lobatos flow. 
The record of past fl.ow at .. Alamosa, needed to derive 
the clrn.nges at that station, does not go back of 1912. 
Without using estimated flow, this limited the period 
of O.nil.lysis to 1912-35. Becuuse 1911 was n year of 
high run-off and, in all opero.tion studies, reseryoirs 
could safely be assumed to have filled, the period 
Hlll-3,j ,vas adopted o.nd estimated Alamosa flow used 
prior to June 1912. ..'IJ.though the period 1911-35 
includes two severe drought years, 1931 and 1934, there 
\rnl'C prob&bly more criticnl years in the period 189:2-
1904, pnrticulo.rly the succession of dry yea.rs 1899, 1900, 
1901, 190:2, and 1904. It was importo.nt, therefore, 
that some estimate, at least, be derived of the effects 
of the Ynrious assumed . sets of conditions, in this 
em·lier critical period. Such estimates were derived in 
the vurious analyses but it is to be noted that with 
respect to effects on Lobutos flow and the :\foldle nnd 
Elephnnt Butte-Fort Quitman sections, they are based 
on the use of an estimated monthl, flow at .Alnmostt ai; 
given in table 130 of Appendix A·. Earliest available 
stream-flow records indicate thnt reservoirs mQ.y be 
safely assumed to ha.Ye filled at the beginning of the 
1S92-190.J: period and this assumption was mnde in 
the operation studies. 

Cundi'tion ,\"a. :J 

Pre~cnt storage capacity :i.boYe Rio Grnndc area of 
San Luis Ya Hey __ - _________________ .acre-feet__ 130, 000 

l'ri.;scnt stor:i.g:e c.'lpacity afforded :\Iiddle Valley hy 
El 'i(arlo Resen·nir_ _________________ . acrc-fccL _ ms, 000 

Present. stor.1gc capacity a!iordccl Rio Grande project 
by Elephant I3nttc Rescn·oir_ ________ acri:-fcct __ 2,274,000 

Present conditions of diversinns o.nd irriguti,m in S:111 
Luis Valley_------. --- -- --- _ --- _ --- ----- -- ---

Diversion dem:md for :\Iitldle Rio Grnnde Conser-
vancy district. _______ • ______________ acre-feet_. 5SO, 000 

DiYeJ'sion dem!!.nd on Elephant Butte Reservoir for 
Rio Grande project and :\lcxicnn treaty ohligatinn 

acre-feet.. 773, 1100 
l'o:riild of !l.nalysis, 1802-1004 and 1011-3,5. 

This ~rnn.ly.sis is to show the effect upon the w,tteT 
supply of the ~liddlc und Elephant Butte-Fort Quitrnnn 
sections of present irrigntion dcn-elopmcnt in Sau Luis 
1talley, with dh·ersions to ~1iddle Rio Grnnde Oonscn·
;11H'-Y District. ·.uul Rio Gr11nde Projret in ncconlnnce 
,,·ill1 (.he ndoptc<l dcmn11ds. In this nnd nH ntl1rr 
:11wlyscs nnnu::il eYnpomtion from El Y:idu Hcsenoir 

Rio Grande Joint Investigation 

wo.s taken us 3.,j feet, or 2 .O feet deducting precipitation, 
and thnt from Eleplrnnt Butte Re;:erYoir as 6.0 fcer 
(refer to h,blo 25), or 5.3 feet deducting precipitation. 

. A seepage ullownnce of 5,QOO acre-feet per month ,\·o.s 
used for Elephant Butte Reser:,-oir nnd n. monthly 
distribution of the O.l'l'OVo iufiow to it was estimated 
from the unnunl data of.table 202 in Appendix B. 

Coridition Xo. J 

Present effectirn storage rapacity aboqi Rio Grnndc 
area of San Luis ,·a.Hey _______________ .acre-feet_ - 100, 0/JO 

Yega-Syh-e5trc Reservoir. ____________ ._ •• ___ do ___ . 240, 000 
Divcrsio11 demand on the Rio Grande in San Luis Valley 

acre-feet._ 650, 000 
Return to Rio Grande in percent oi total Rio Grande 

diversions __________ ------- ___ ._. _________ - -- _ _ _ 1•3 
Period ofo.nalysis, 1911-35. 

This n.nnlysis is to show the effect on the w11ter supply 
of the Snn Luis Valley aren scr-ed by Rio Grnnde, nnd 
on the flow nt Lobatos of operation of Vcgn-Sylnstre 
Reserroir. The nnulysi;; wo.s not continued to deter
mine the effect on 1Iiddle Valley and Elephant Butte
Fort Quitman sections as the resulting meo.n annual · 
flow o.t Lobatos wns i.-e.ry nearly the sume ns thnt result
ing from operation of Wngon \Theel Gup Resen·oir, 
Condition No. 4, for which complete analysis ,vas mo.de. 
For sunplicity of analysis the storage of present reser
voirs was considered as combined with that of Vega
Svl.-estre (and with Wagon "\Theel Gap in subsequent 
studies). The present smaller resen·oirs _might not. 
fill in the snme proportion as the lnrger ones and allow. 
11.nce wns made for this by taking the effective capacity 
of present reservoirs nt 100,000 acre.feet. Annunl 
cvo.porntion from Vegu-Syivestre Reservoir (nnd Wagon 
Wheel Gap also) wns taken nt 1.9 feet, or 0.6 foot deduct
ing precipitation. 

Condilivn .\",,. .~ 

Present clfccth·c storage ci,p:wity al>,1\'c Hiu C:mrn.lc 
area or San Luis \"alley. __ •• ________ acre-feet__ 

\Vagon Wheel Gap Rc.serYoir. ______________ do .• __ 
Present capacity El Vo.do Rescn·oii· _________ c\o. __ _ 
Present capacity Elephant Butte R,:·scrvnir __ do .• - _ 
Diversion dcm:md on Rio Grnndc in S:i.tl Luis Valley 

acre-feet-._ 
Diversion dcm!lncl for Middle Rio Grande Conservancy 

D istricL _. _. ____________ • _____ •• ___ ncre-fccL _ 

Dh·crsion dcn1aml on Elephant Binte Reservoir for 
Rio Grande project aud J.ICxi('an trcat.y olili1wtio11 

·· acre-feet.. 
UcL11m to Rio Gl'ande in San L111s 'i·aliey in percent of 

1011, uun 
1, OOll, D00 

Hl8, ooo 
2,211,ono 

650. OOIJ 

580,000 

773, lllll°l 

tot,a1 Rio Grandedh·ersions ________________ ----- 1•.~ 

_Period c,f aiw.]y$i~: effect oa J.lir!clle \"alley, 1S92-100-! nr,,.: 

Hll l-3.5; effect on Rio Granrlc Proj0ct, 1$1)2-1904. 

This nnnl~·sis is to show the ('ffect on tho water sup1ily 
of the thrnn sections of the ha.~in, of npcro.tion of "·i1gon 
\rh<'d Gnp HP:=.erYnir with tlin·r,;inns to the mnjor nnil~ 
of tho tln·rc sections iii nccor, hmcc with the u.dop tctl 
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deruo.nds. The effect on Rio Grande Project for the 
period 1911-35 was not analyzed .1.s the resulting mean 
o.nnual flow at San ~farcinl was pra.cticully the same as 
given under Condition No. 2. 

Condition No. 5 
'"' 

The items of this condition are exa.ctly the same as for 
Condition No. 4, except that the return flow to Rio 
Grnnde in So.n Luis V ::i.lley is to.ken as 8 percent only of 
the total Rio Grande diversions in the rnlley. Al
though1 as described in the development of. the ili,ersion 
demand fo1· the Rio Grande nre.1. of San Llli:o Valley, the 
return flow has averaged better than 16 percent in the 
3 years 1934, 1935, and 1936, and this amount of return 
is considered to represent very conserYntively that to be 
anticipated in the future, there are a number of years 
in the period prenous to 193-! for which data are osnil
able, when the return, as indicated by table 36, was less 
than 16 percent. The o.ver:1ge for the period 1928 to 
Hl36, inclusive, for the return above Alumosn. is 7 .6 
percent of total diversions o.bove .Alo.mos::i.. Beco.use 

• this return flow is such unimportant item in the water 
ri.vailuble to lower sections, and because the allowance 
for it constitutes one of the fundamental assumptions 
of the analyses, o. return of 8 percent o.s o. minimum 
remotely possible but not probable was uo,.ed in certain 
of the n.no.lyses. 

Condition No. 6 

4 ~serv?ir c:i.pn.city oa the ~onej~s River. __ acre-feet.. 162, 000 

I 
Dffersion dero::md on Cone3os River. __ .. ---- .do •••• 230, 000 
Return flow to Conejos in percent of Conejos diver-I Pc:i~~\r analysis, 1!.lll-35. -------· -·- --------- ----- g.:5 

This a.nn.lysis is to show the effect 011 the wn.ter supply 
of the Conejos o.rea and consequently on that of Rio 
Grande, of storage reguln.tion, and diversions in o.ccord
o.nce with rm ideal irrigo.tion demo.nd. This effect is 
combined v,ith that of Wn.gon Wheel G::i.p development 
a.s shown under Condition Ko. 7. In the previous 
description of investigations of proposed stornge proj
ects·it wo.s indicated tha.t the Conejos im·estig::i.tions were 
not yet complete. Hence, final do.to. on storage possi
bilities were not o.vo.ilable for th.is ::i.no.lysis. The 
o.ssumption was mo.de that a resen·oir of at lenst 100,000 
o.cre-feet c::i.po.city would be foun<l fo::i.sible on tho lower 
11.vci\ and to this was added the rn1)11city of the upper 
Conejos Reservoir :Ko. 6, 32,000 acre-feet, and the 
).logote ofi'-stream reservoir tent:1.tivek estimated o.t 
30,000 acre-feet capo.city. For simplicity of the 
operntion study, o.11 three were considered :i.s one 
rese:voir located o.t th~ 1fogote gaging stf~tion. Ezo.p
orat1on wn.s taken o.t 2.0 feet, or 1.4 feet deducting 
precipitation. Ko n.Mlysis could be made for the 
endy period 1892-1904 been.use of th.a lack of records. 

-
129 

Co1iditi,m Xo. 7 

Preseut effecti\·e storage c~p.i.cit;; abO\·e Rio Grande 
n.re!l. of S::i.n Luis Yulley __ 

7 
__________ .!l.cre-fecL. 100,-000 

Wagon iYheel G:i.p Resen·oir ____________ ,!i __ do ..•• 1,000,000. 
Conejos Reser,oirs. ____________ . ________ •. do •• ,_ 162, 000 
El Y !I.do Reservoir ____ •• __ • _ • _ • ___ • _ •• ____ do. - - _ l 9S, 000 
Diversion demnnd on Rio Grande in S::i.n Lui;, 

Yo.lley ..• _ ·--- ______ . _______ ._. ____ .acre-feet.. 650, 000 
Diversion demand on Conejos in San Luis 

V o.lley ___ •• _ •. _ •. ___ • _ •• __ • __ ••. _ • __ acre-f ect. _ 230, 000 
Dh·ersion demand for '.\Iiddle Rio Gr:i.ndc Con-

sen·::i.ncr DistricL ___________________ acre-feet.. 5SO, 000 

Return to Rio Gr:i.nde in Sau LlliS Y,tlley in pen:cnt 
of tobl Rio Grande dh·er;;ions__________________ 1G 

Return to Conejos in percent of di\·crsion;;.________ 35 
Period of o.nnlysis, 1911-35. 

Tll.l.5 o.no.lysis is to show the effect on the flow at 
Lob::i.tos n.nd on the wnter supply of the :\liddle section, 
of the combined opero.tion of Wagon \\·heel Gi.1.p and 

· Coneios Reservoirs \\ith dirnrsions to the mo.jor units 
• of San Luis o.nd ~liddlc sections in nccordo.nce \\ith the 

o.dopted demands. The effect of th.is combinntion on 
the Rio Grande Project was not ann.lyzed a.s the result
ing mean annun.l flow nt San ).forcial w::i.s Yery nearly 
the same ns thfl.t given by the :i.n:i.lysis under Condition 
No. 2. 

Condition No. S 

Present effective storage capacity abo~·e Rio Grande 
nreo. of San Luis Yo.Hey ____ .. _______ . acre-feet._ 

Wagou Wheel Gap Reservoir _______ •••••••• do •••• 
Vega-Sylvestre Reservoir ••••• _______ • __ •• _ .do ___ _ 
Diversion demand on Rio Grande in San Luis 

100,000 
l, 000, 000 

240,000 

V :::ille,· ------ •• _ •• _______ • _________ •• acre-feet._ 7"50, 000 
Return -to Rio Grande the same as for Condition 

No. 4; i. e., 16 percent of 650,000 acre-feet. 
Period of analysis, l'Jll-35. 

Thls ::i.nn.lysis is to shm...- the effect on the water supply 
of the Rio Grande o.r-en. in So.n Luis Valley of the com
bined storage of Wagon Wheel Gap and Vega-Sylvestre 
Reser-,oirs and a d.i.ersion demand estimnted to repre
sent the maximum possible de,elopment. The mean 
annuo.1 run-off of Rio Gmnde nen.r Del Norte in the 
period 1911-35 w;1.s 755,000 a.ere-feet. Allowing 5,000 
n.cre-feet for reserrnir evaporation, the maximum 
dh-ersiot1 demand for the normo.l year :was tuke11 at 
750,000 o.cre-fect. Under this condition it was hypothe
C(l,ted thn.t no restricl:.ions whn.te..-cr be placed upon 
development in Sv.n Lui.s Yo.lky. Since the cxicnsion 
of denilopmcnt-· would, of necc~sity, be principn.Uy 
in the closed basin area., no reliance could be pln.ced 
on n.nv more return flo\,· to Rio Gmncle thn.n m 
the cn.se .of the 650,000 acre-feet di-:.·ersion demand. 
.;\lthm1gh both Wagon ·wheel G:i.p and Yega-Sylvestre 
Rescn·oin were used, been.use of the drought period 
ending in 1904, only 1,000,000 acre-feet storage was 
assumed to be on hn.nd f1.t the beginning of the 1911~33 
period. · 
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Condition So. 9 

Reser\"oir capacity on Conejos Ri\·er ____ - __ n,cre-feet- - 162, 000 
DiYersion Demnnd on the Conejos River ______ do ____ 300,000 
Return to Conejos the same as for Condition No. 6; 

i.e., 35-percent of 230,000 acre-feet. 
Period of an9._Jysis, 1911-35. 

This analysis is to show the effect on the water supply 
of the Conejos areo. of the so.me storage regulation as 
under Condition Ko. 6 (probably about the maxim.um 
as limited by physico.l conditions) but with a dfrersion 
demand estimated to represent. the ma~um possible 
development. It would benecesso.ry tho.t the increased 
diversions be mo.de up by utilization of reserroir spills 
and the supply tho.t cannot be diverted by present 
cano.ls. This increo.se was estimo.ted at 70,000 o.cre
feet, ·which, added to the deroo.nd of Condition Ko. 6, 
gave 300,000 ncre-feet. The 1936 survey of irrigo.ted 
ruid other vni.ter-consuming areas indicates but little 
opportunity for increased depletion on the Conejos 
proper, and it was assumed that the expansion of irri
gated acreage implied by the maximum demnnd would 
be principally to irrigo.ble lands south of Ant.onito in 
N e,v 1Yiexico. In this co.se any more return flow to the 
Conejos than with the 230,000 acre-feet demand would 
be doubtful, and no more wn.s assumed in the mrn.lysis. 
Records were not n.,aifo.ble to extend this o.no.h-sis to the -
e::i.rlier critico.l period, 1892-190-L • 

Condition No. 10 

Present effecth·e storage capacity above Rio Grande 
o.reo. of San Luis Valley _______________ .acre-feet __ 

Wagon Wheel Gap Reservoir ____ • __________ do ___ _ 
Vega-Sylvestre Reservoir~ ________ ..• ______ do. __ _ 
Conejos Reservoirs ______ - _______ -----. ____ do. __ _ 
El Vo.do Reservoir ________________________ do ___ _ 
Elephant Butte Reservoir. _________________ do ___ _ 

Diversion demand on Rio Grande in S:i.n Louis 

\00,000 
1,000,000 

240,000 
162,000 
198,000 

1,274,000 

Vall1:Y---------------------------------do____ 750,000 
Diversion demand on Conejos in S:i.n Luis Valley 

do____ 300,000 
Diversion demand for Middle Rio Grande Conser\·-

ancy District __ • ______ -- ______ • _________ do.___ 580, 000 

Dh"ersion demand on Elephant Butte Reservoir for 
Rio Grande project and i\Ie;,,:ican treaty obliga-
tion ___________________________________ do____ 773,000 

Return to Rio Gr::i.nde and Conejos in S:m Luis Valley the same 
:is for Cor.ditions Nos. 4 and 6; i. e., 16 percent of 650,000 
acre-feet, 35 percent of 230,000 acre-feet. 

P!.!riod of analysis, 1911-35. · 

This nno.lysis is to show the effect on Lobo.tos flow 
o.ntl on the water supply of Middle nnd Elepho.nt Butte
Fort Quitman sections, of unrestricted and mfl.),.-imum 
possible development in the Rio Grnnde and Conejos 
areas of So.n Luis Valley. It is for hypothecntecl maxi
mum dfrersion dcmllnds for these areo.s, and the 
adopted di.'ersion demanili' for :\liddle Rio Gro.nde 
Consern:i.ncy District, Rio Grande project o.nd ),lexico, 

Rio Grande Joint Investigation 

:md represents the combined effect of Conditions ~os. 
Sand 9. 

Condition i>.:o. 11 
II 

Present effecth-e storage c:ipacity abo,·e R[o Grande 
area in San Luis Valley ____ . ___ ._._~- .acre-feet __ 

,Yagon Wheel Gap Reser\·oir_ __ ._ ----·---- .do ___ _ 
State Line Resen·oir • _____ • _____ .•. _. _____ do. -- _ 
El Yado Reservoir _____ • ____ •. - __ .•• - _ •• __ do •• - _ 
Elephant Butte Resen-oir -· ·- __ --- . _____ - . _do .• --
Dh·ersion dem:md on Rio Gr:J.nde in San Luis Yruley 

d.J ___ _ 

Dh·ersion demand for Middle Rio Grande Consen·-
ancy District_ ______ -- --- • __ -- - - • - - __ - __ do ___ _ 

·Diversion demllnd on Elephant Butte Reser\"Oir for 
Rio Grande project and :i.Ie:dcan treaty obligation 

· do ___ _ 

Sump drain inflow to Rio Grande above Loba.tos 

100,000 
I, 000, 000 

460,000 
19S, 000 

2,2i4, 000 

650,000 

580,000 

773,000 

do ___ . 40, 000 
Return flov.- to Rio Grande in San Luis Yalley in per 

cent of total Rio Grande diYersions ___ ... _ ........... ___ .. _ _ S 
Period ofanalysis, 1892-1904 and 1911-35. 

This o.no.lysis is to show the combined effect of oper
ntion of"° ogon \\heel Gnp Rese1Toir, Sto. te Line Reser· 
,oir, nnd the sump drrdn on the water supply of '.Middle· 
nnd Elepho.nt Butte·Fort Quitmrm sections, with the 
adopted clh·ersion d~mo.nds of the mnjor units in these 
sections. The return flow to Rio Gnmde in So.n Luis 
V o.ll~y wn.s ta.ken ns 8 percent of the total Rio Grande 
diversions in thevalley, o.s under Condition No. 5. Thi5 
wo.s done in order to set up the most unfo.,omble contin
gency with respect to the lower sections. The opero.tion 
of State Line Reservoir would be largely to eliminnte 
shortages in the Middle section. Final dato. on storo.ge 
co.pa.city for it were not a,ailable but from a prelimino.ry 
map of 1937 surveys a capacity of 460,000 o.cre-feet was 
indicated ns probable helow elevation i,500 o.t the Ute 
:\fountain dam site. Annual evo.porntion wo.s taken 
o.s 3.7 feet, or 3.2 feet deducting precipitation. 

Results of Analyses 
The results of the nno.lyses under Conditions :Xos. l 

to 11 o.nd comparisons between their effects nre most 
readily presented by summarizations for en.ch conditiou 
of (1) annunl run-off of Rio Grande o.t Lobatos and Son 
)farcial and of Conejos Ri,er nt mouth; (2) montWy 
run-off at Lobatos for mnxi.mum, minimum, and meau 
yenrs; o.nd {3) amount and yeo.r of occurrence of shorc
nges in San Luis, 1fiddleJ nnd Elephant Butte-Fort 
Quitmo.n sections. 

Ann!lal Run-off at Key Stations Under Gi,·en Conditions 

'1\1.bles 109, 110, nnd Ill show the o.nnunl run.au-
. of Rio Grande at Lobutos and Sun 1forcio.l nnd of 

Conejos River at moutli, respectively, for tho yeo.rs i.n 
the two periods of nnnlysis, nnd for the Condition;; 
indic:ited. The sume data for Lobn.tos and So.n 1forcfol 
nre also shown gro.phico.lly by figures 40 nnd 41. 
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The effect on Rio Grn.nde nt lower stations of in· 
creased storage developments in Sun Luis Vnlley is to 
decrease the annual run-off in high water yeurs by 
storage and to increase it during low years by release 
of water held o,er from the abundant years. It will 
be observed thnt for Condition Ko. 4, which include.,; 
"\Y agon meel Gap Reser,;oir and the adopted diversion 
demands in all sections, there is no decrease in the mean 
nnnunl fl.ow from that under Condition No. 2, which 
represents present deYelopment in San Luis Valley, 
neither at Lobatos nor nt San ?i.farcial, but rather o. 
small increase. For the hypothecated Conditions 
N' 05. 5 and 10, substantial reductions in the menn annual 
flow at these two stations are indicated. 

TABLE 109.-Annual rnn-off of Rio Grande near Lobatos under 
various given conditions of storage and irrigation draft 

tr cit l.CCO acre-feet] 

Condition numher' 

Ycnr 

_______ : __ 1_J~i-3_[_~_\_5_;_;_j_10 __ u_ 

:iiL::::::::::::::::::!:::::::1
1 

~Jg L:::./· ~:·5 ~u 1:::::::
1

1

::::::: mJ 
!Si/4 ..•...••..••..••.•.• ' ..••••. 200.0 

1 

....... 257. 7 205. 7 1. .•••..••....• 2-IS.; 

Mt::::::::::::::::::::.:::::::1 ~~:8 ::::::: 1 ~?U ~J j':::::::/::::::: ~fr~ 
189i •••...•••.•••••••..• , ..••••• ~17.0 I···- .. - 501.0 449.0 .............. 4S9.0 

mt::::::::::::::::::I::::::: m: ~ ::::::: ~iu mJ ::::::: ::::::: ::J 
1900 .................... j ••••••• 2,fa8 .•••.•• 237.6 2:.50.0 •••.•••..••..• 290.0 
1901 .................... ' ••.•••• 2~1.1 ....... 1283. 7 245.3 ••••••• ••·•·•• 2S5.~ 

t:L::::::::::::::::::i::·:::: !~U ::::::: ill:: ill:~ ::::::: ::::::: m:~ 
: 19~·---·-·······-······;·······. r.1.~ ,--·----! m.s _ 1~l!.1 

1 

•••••••••••••• 1s9.1 

l3·}e~r m~nn ..•••••. --.:-······\ 30S. • \ ..•••.. l 320.0 I 2,t. 6 1 •••••..•• , •••. 311. G 

j 19!L .................. !1.0l5.2 ~ 68t.6 ,~ 606.7 ~9.6 4:IS.6 64R:r 
,I 1912 ••••••..•• ••·••••··· 1 768.4 627. 2 TI7. 8 721. 9 !169. 9 7S8. 0 516. 7 709. 9 

I !913.... .. ..• •..••••. ... 3;0. 4 243. 2 2S!,; 262. 5 210.; 795. l 2G9. 5 250. S 
!9LL ••..•••...•••..••• 543.9 374.4 3S6.6 330.3 2i'S.3 237.4 '276.3 3111.3 

I 
191.S.. •..••••.•••••..••• 4W.O 333.0 362.6 357. 7 3il5. 7 331.3 317.6 345. 7 
1916........ ........ .... 71l4. 8 6~7.; 560. 0 filO. I 5S/l. l 592. 0 351. 8 598. 1 
1917 .................... 700.5 715.4 712.5 720.2 liil8.2 761.9 390.9 708.2 
19lS .................... 305.6 ZJ9.2 2SS.6 z;5.7 %13.1 m.7 251.0 2/jJ.7 

I
-1919 .•.•••....••••...••. so,.s 439.2 4&'1.7 t7!;.3 374.3 433.1 m.o 4H.3 

192() .•..••.•.....•...... 937.1 S63.6 827.2 SiO.l 818.1 823.S 462.9 85!1.I 
1921 .................... 742. l 523.9 641.2 631l.S 58-t.6 663.4 330.6 6:U.~ 
1922.......... .• .• . . . • . . i1lt. 3 605. 9 800. 2 sos. 2 7~. 2 819. 7 537. 9 796. Z 

. f:;/···················· '!;;,,.,
6
--! ~~-5

0 
•
7
~~1l.9

2 
~!~-6

0 
~4

1
.s
0 

~9.8
8 

39
7
s
8
.a 664.6 

-•··············••••·• Jo .u .,,,.,. , ,,,.~ r,,. oil. 5 . 7 77l.O 

1
19:?; •.•..• ··•··•·•••··•· -H2. 5 3,;g, 0 347. l 317. g 265. 9 332. 4 314. 9 30!;. 9 
111:Jtl .................... ~79.9 34-U 399.S 385.S 333.S 395. l :!11!.9 373.8 
l92i .................... i'i'O.S 711.8 53!o.3 5.'i-1.l' 501.,· 522.0 340.5 ,'141.1 
1928........ •••••..... .• 426. 7 270. 4 4?.U 434. 4 352. 4 49,1. 6 313. 4 422. 4 
l'1.!9 .•.•••••••••••.••••. 69-t:I 39-1. S 4<J9. o 50'2. 1 ~.0-1 432. 1 31S. 7 490.1 

· 1~30 ...•••••••.......... 3-l"i'.G 260.t 351.i.313.;1.1 299.1 411.5 303.l 3.'l~.l 
\31. •......•.••.•.. · •••. 1s1.1 HO.a 1.;.,.a 1;~0 m.o 2:11.0 193.9 1&1.0 

. 
iii:32···················· 780.7 Ml.4 592.9•,523.9 4Tli.9 426.9 3.~.7 S!6.0 

ll .•..•..•.....•••••.. 31,.5 252.0 300.5 292.2 210.2 324. l 272.9 Z,0.2 
ill.'l!"·-.················ ISS.S J30.S

1

1Ji.8 171.i 11~-"i' 2229 lii.5 159.i 
!lk ••.•••••••••••••••. 49'.?.1 4~0.1 40-l.9 AA0.6 325.6 ~-0 256.7 3t,S.6 = =1====1== 

25-:;car mesn • .. • ...••• 568. 1 GS. 1 4S9. 9 I 4S.i. 3 433. 3 4Sli. 5 I 3-16. s 1 4i3. 3 

' P.erer to t-wlc !OS. 

With the unrestricted development in San Luis 
Yo.Hey ns represented by Condition No. 10, the reduc
tion nt Lobatos for the 25-yea:r period :is 28 percent 
from present conditions. At San Marcial, however, 
the corresponding reduction is only 13 percent. 

The mean flow nt Lobatos for Condition No.1, which 
represents no· ndditionnl storage in s~::i. Luis Valley 
but <liver5ions there in nccordo.nce with the ideal demand 
ist of course, substantially greater thrm for Condition 

-
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TABL't 110.-..-Lnnual run-off of Rio Grande al San Jlarcial ttnder 
varioM given condiricm.s of storage and irngaiion dNJft 

[T:nit 1,000 acre.feet] 

I 

: 
Year ----------,----------------'!-----4- -5-!--:--10_,_1_1 _ 

mt.-::::::::::::::::::::::::::\1
• uu 1

• ~:t 1·m:1 /::::::::'.::::::::· l.~tu 
!S!l-l. .•.. _._ .••.. --••••...•••.••• 1 396.7 ~7.3 403.2

1 
..••••.. \........ 415.l 

llt1:;::1
1
1i:
1
~!llllliillllll

1::I I ::II :: I I 11l:lill;!ll!'.!li!1 
: II 

l3·,e:u-mea11 ••.•• - •••.••.•.•.•• i69.4 I 768.2 ;32.01·-······I········ 69~.8 = ======= ·== 
1911. ••••.•••...•••..•••••.•••.• l,813.9 1,464.1 1,412.1 1,3,,., 1,240.9 1,259.0 
1912 •...••...•...... _ •••...... __ 1,006.3 1,57~.8 1,5-13.2 1,619.~ l,3-1;,g l,{99.0 
1913 .• ····-· ··-··· ....•. ······-- 516. 7 525. S 478. 7 542.. 2 ~- 1 463. 5 
1914............................ 892. 7 8Sl. 2 S07. e s;s. 6 850. 1 soo. 4 
1915 ••.••••.•••••.••••...•••.••• l,403.3 1,402.6 1,368.6 1,376.5 l,3-17.5 1,330.1 
1916 .••..•••.••••••...•••.•••••• l,658.4 1,594.5 1,52.;,l 1,595.9 1,351.5 l,5!1".1.2 
J9!7 •• _ ••••.••••...••••..•••...• l,09S.6 1,074.4 1,037.4 1,097.8 138.2 900.4 
l91S ............................ 386.5 409.5 36&4 419.7 359.9 350.L 
10l9 ••• - .••••••••••.••••.••••••• 1,33S.3 1,350.1 1.273.4 1,393.S 1,332.5 1,278.4 
1920 ...••.•...•.••. _ •••.•..•..•. 2,307.2 2.21l8.9 2.261.2 2,239.0 1,878.1 2,291.2 
192l._ .•••.••••• -·-··--········· l,:?112.0 1,4:!S.8 1,362.3 1,469.0 I, 136.3 1,3;9.5 
192"1 .•••.••••..••••••.•••••.•••. 1,008.9 1,176.6 l,H9.5 1,159.3 ST7.5 1,10;.2 
l9Z3.. .••••..••••..••••..••••... l,OS3.5 1,063.6 1,005.8 1,056.7 005.4 g;o,6 
192-1 ...•...••••• -- ..••..••••...• 1,392.3 1.563.7 1,518.0 1,565.6 1,332.5 1,514.6 
1925 •••••.••• -.................. 411.3 396.8 354.9 40S.9 392.5 31,.3 
J9·:)>J ...•••....••....••.•.. _ ••. __ 1,066.7 !,OSL 5 1,0.."0.4 1,094.9 1193.9 l,o:36.0 
l92, .•...•.•••....••.••.•••• -••• l,38S.5 1,2GS.7 1,188.9 1.266., 1,0~.9 1,192.0 
192.S .... - ....................... 6,.;.3 607.4 7S0.3 829.8 6'18.6 726.3 
19'.?9 •••..•••.•••...•••••..•••••• 1,322.0 l,'.!60.6 l,lS-!..8 1,278.0 l,!14.7 1,2:r.!.6 
1930 ...•••.•••••..••••. , ........ 775.0 825.3 798.2 SM.9 H6.5 744.3 
1931 ................ ~.,.: ....... 502.9 533.8 4S-l.9 571.0 500.4 49i.6 
19:l2 .. , ......................... 1,3:lS.l 1,::m.s 1,2~2.l 1,210.0 !,WU 1.1S,., 
1933... •.••••. .•••... ....... •••• 693. 3 712.4 680. 5 i,JO. l 678. S 65-1. 7 
193-L. ••••••••• •• •• ..••••••.••• 303. 8 313. 9 :.m. 4 3~. 8 323. 3 200. 1 
1~:i;.............. .............. sea. 9 SJ1. 2 ,s2. 7 nu 12-1.. 1.;a. s 

j~===========· 1·=1= 25-year menn-.................. jl,OS2.3 l,OSS.4 1,QJ;. 7 11,053.7 946. 2 J,013. 9 

1 Refer to tnble ms. 

TABLE 111.-Amiual run-off of Conejos River at mouth under 
various ai~rn conditions of storage and irrigation draft 

{"Cnit 1.000 acre.feet] 

Ye.:ir 

'I I Condition nwn· I Condition num· 
Meas. Iler I Meas· her , 
ured ' Y~r urcd 1 

19--11-•. -•• -•• -.-•• l--3-3-9.-1 -2;50-.-0

1
-l-:--!.-2·11

--19-2.'i-.-•• -•• -•• -•• 1~ 105.-;- ~-3 

1912......... 24l 3 307. 4 271. 6 1926......... l'l.;. 0 19-l. 3 fM. l 
1913 .•••••.•• 00.S 93.4 67.S 192, •••••.••. 1 ~l.6 219.9 127.S 
19H......... 137. 6 !H. 1 83. 6 192S. .•• • .••. 109. 6 169. 8 113. 0 
1915......... 109. S 103. l 76. 5 1929 ••••.•••• j 212. l 192. l 109. 7 

mt::::::: ri~ ~: m:: mt::::::=i 1~J 1
~:~ 

1~1 
1918......... us. 1 142. l 93. 5 1932 •••.•..•. '1 308. 0 206. 0 16,;, 2 
1919.:..... .• 1-14. 7 156. 5 95. ~ 1933......... 110. 9 U2. S Gl.6 

im::::::::: mJ ~~u m:6 tiii:::::::::1 ~:g ir.2 tn 
19"" •••••••• 250.6 202. l 191. 3 '-1=,= 
mt:::::::: :ti ~: i ~J 2 ;;.J}. ~! I 1s9. s 100. 1 ] 133.; 

1 Estilllllted 1011 to 10~~-
1 Ucfer to t:i.ble 10$. 

No. 2, pres;nt conditions, because under the ideal 
demand, much of the supply becomes in<liHrtible and 
greater shortages result. 

The only difference between Conditions Nos. 5 nncl 
11 with respect to the effect on Lobo.tos flow is the o.ddi. 
tion of the sump drnin yield of 40,000 ucre.feet which, 
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of course, nppenrs throughout in tnbles 109, 112, and 
113. ·with re;;pcct to the effect on San 1Iarcinl flow, 
Condition :Ko. 11 includes State Line Resen·oir not 
included under Condition :Ko. 5. This yields more 
water for the }.fiddle Valley with n corresponding 
reduction for the Elephant Butte-Fort Quitman sec
tion. Hence, the mean flow nt San ).forciul under 
Condition Xo. 11, as shown in table 110, is less than 
under Condition Ko. 5. 

As shown by table 111, the storage de,elopment on· 
the Conejos River with tlie adopted diversion demand 
ideally distributed as under Condition No. 6 results in 
prnctico.Uy no change in the mean annual fl.o,v of Co
nejos River o.t its mouth from that of the present. 
Condition Ko. 9, the mn:ri.mum possible development, 
results in o reduction from the measured mean flow of 
29 percent. 

As indicated in both tables 109 nnd 110, the menn 
annual flows for the period 1892-1904 ore much lower 
thun for the period 1911-35 nnd the earlier period 
appears to ha,e been much the more critical of the 
two. Over n generation elnpsed between the critical 
years of the two periods. 

600 I I I I I 

I 
~o ' i 

Rio Grande Joint lm:estigatirm 

Monthly Run-off a.t Lobntos under Gi,·cn Conditions 

T:1bles 112 and 113 show the rnontl1ly run-oil' of Hio 
Gran<le near Lobntos for minimum, mctrn, nod max
imum years of the two-periods and for the Condition::; 
indicated. These data are nlso shown by the graphs 
of figures 42 and 43. The muximum and minimum 
yenrs used are those of maximum nnd minimum fl.ow 
nt the Del Norte station. It will he noted that all of 
the Conditions inYolving increo.sed storage in the Son 
Luis section result in an improvement over the present 
conditions of No. 2, in the regimen of flow at Lobntos 
from month to month This is particulMly noticeable 
in the summer and fall months of the miniuium year. 
It represents the effect of storage in regulating the 
supply to a monthly distribution more in agreement 
with irrigation demands by reducing peaks nnd building 
up the flow during the summer months, o.nd by holding 
water over from wet to dry years. The resulting 
improvement in return-flow distribution is directl:
reflected in the improYed regimen at Lobatos. 

Referring to table 113, in the maximum year 1911 .1 

June run-off of 180,000 acre~f eet under present con
ditions is reduced to 118,000 acre-feet under Condition 

•oo 
iJ1iTJt-1fltt;;-:'-:--t"1-,-li-:=!.---~~::n::'~: ;o_T;~~.~:• ::.c:~·~\:: :~~N v:::n.o•s. 

"' 4-Waqar'IW~t'*' GapA'e:Hr'll$r-4id:QQli1td d1mal'lod-Ft111urn US." 
.. .,_ .. .. .. .. • .. • el. 
" 11- ., " +1 Cl"'I S1c1, Lin• nuno;t,-S..imp'C)rcir.-4dapf1~ dl'!fl~1'14S-A•h.1rr'. B 1. .. 

= ... 

200 

"' " .. 
~ 

" " " .;; 0 

" g 
,ooc 

! .. 
<> 4 iOO 

"' g 
~ aoc 
z 

~ 10 

"' $ 
<> ,o 
"' 

Fw,;RE iO.-Annual run.of! ol R!o Ornnde near Lobatos, Colo., under -rarious 1ti~en conditioD.S ol $toroge and !rrizatioll drart. 
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.-
General Report 

X o. 4 and to 100,000 acre-feet under the extreme 
Condition No. 10. In the minimum year 1934 u July 
run-off of 700 acre-feet under present conditions is 
increased to 16,500 and 23,000 acre-feet under Con
ditions Nos. 4 and 101 respecth-ely. The mean year 
shows less striking changes, but clearly indicates the 
improvement in the fl.ow of the late summer months. 
The data of table 112 for the earlier period, 1892-1904, 
show similar changes, although the improvement in 
the flow from .May to October in the minimum year 
under Condition No. 5 is very slight. The improve
ment shown in the minimum year under Condition No. 
11 is largely due to the added inflo,,.· of the sump 
drain. Because the same quantity was added for the 

-
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lntter in all years, the imprornment shown is probably 
too high by the amount that the flow of the sump 
drnin might have been reduced in a minimum year. 

In general, the indication of tl!e data of tables 112 
and 113 is that where increased storage in San Luis 
Y nlley does not reduce the mean annual outflow at 
Lobntos it is equivalent to an increase in storage 
capacity for the :Middle Volley in regulating the supply 
to better conform to the irrigation demnnds of that 
nlley. 

Been.use· of the regulation afforded by the large stor
age capacity of Elephant Butte Reservoir, releases in 
11ccordnnce ,\ith the irrigation demand can be made 
independently of monthly changes in inflow to the 

,200 -m I ~ 111£Ftt~ ro TAei...t 109 ll'Oiill 0£t.1.11., o!'" G1vtN C.OhD1T10Ns 

Cond;tion f.lo.2-Pruenl cond,hons Son 1.u;s \/alley 

,-
"' ; .., 
"'· u .., 
"-
0 

IOOO ·--
_ _J -

~ .. 11 4-WagonWrise-t C,iap Reur"o1r-AdoQH!•d demand-Re11.1rn L6% 
11 II 5 - II '" II Ii u •~ 11 a '). 
11 11 II - ,, 11 11 and Stale Line reurvoirs-Sum:;,Oro~n-Ad'opled demtmds-Fteturn 8 ,. 
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FIGURE 41.-Annunl ru.:.<01I of Rio Grande at San ~Iarcial, N. :Mex., under ,arious gi,en conditiom or stQro.gt nnd irrigntion draft. 
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T .... BLE 112.-1\lOf!ll,ly run-off of Rio Grande near Loba!oa for 

'l'llinimum, mean, and maximum year$, 189!!-190.';, under 11ariou1J 
gfren conditions oj storage and irriga!ion draft 

{Unit 1.000 acre-feet] 

Condition number 1 

~foutb 

11 

)L\XI:l,It;:,\[ YEAR (1697) t 

lllllUBf\" ••••••• ·-·· ••• ··-· .•••• ···----··-· Jr,, 0 l:!. 7 11. 7 1:. 9 
FebrunrY................................ 13.0 11.0 10.0 l~.o 
1\lar~h •••••...•••••. ···-·····-···-· ...••• ~1. o Zl. l 22. l Z4. 1 
-\pril •• ···-···--· .. ·-·····--············· JS. 0 40. S 39. 2 4:U '\lay.................................... 139.0 130.4 l~;! 130.Z 
June..................................... 9;, O lOi. 6 9,., 103. i 
July ••••••••••••.•••••••••••••••••••••••• ! ~.3.0 42.6 32., 38., 
.AugusL................................. 3.0 IS.S 10.0 15.6 
September............................... u.o 15. l 8.9 12.5 
October.................................. 134.0 43.9 39.7 ~2.5 
Nonmber............................... .'i6.0 .

1 
35.2 32.6 3-5.0 

December •••••••.••....••••••..•..••••••. ! 41.0 19.S lS.2 19.~ 

Year •••••••••••••.•••••••..•••••••• --iiiio\~ ~~ 
)II;s:;1:.m::,r YE.\R (l~) 1 

Jl'.l.lluarr ................................ .J 11. 1 12. a l L 5 12. s f~rlr)· ................................ 1 tH !H tt:~ !t~ 
June..................................... 3. 7 9 .. , 0.4 12.4 
July ......................... .,.......... 0., 0 ii 0.1 G, I 

l~~tEf ttf :f f [!iI!i'.i'.'.:!!Iiii!i!I~ __ H -ii\ H ,!] 
Ye:ir ............................... 

1 

109. '1 [ 1::.. 9 ! 10;. o H•.O 

llE.-\X YEAR 

Januarv ••.•..•••••...•....••••••.•.•..•.. i 
. February •••.•.••••••.•.•...••••••••.•.•. 
1\larch •.••...•••••••••..•..•.••••••••.... 

\[;,t~l: ::: : :: ::: :: : : : ::: : : : : : : : : : : :: : : : =:: 
June .•••..••..•••...•..•••........•.•..•• 
Julr •.••..•••• ••·•• •••••••.•. ·- .••• •·•••• 
August •.••••.••••••••.•.•••.•••••••••••• 
September ••••••..••••••..•••• ·-· .••••.• 
October .••......••.•.•....••.••..•......• 
'.\'o~ernber •..••••••••••••••••••...••.•••• 
December •••.•...•...•.•.•••.•.•••••.•••• 

Year ..••••••••••••.•••••••••.•••••• 

, Reier to table IOS. 
1 Year or nmx!rnum flow nt D~1 Nnrte. 
, Yca«Jf miniruu111 tlow nt Del Xr,rtc. 

13. T 1 

13. 4 
Ti.:? 
32.3 
73.S 
00.2 
12. 9 
4. 0 
tu 

Z7.S 
111.1 
1i.i5 ---

30.S.S 

12.6 11. 6 l:!.8 
11.3 10.{ 12.-1 
2L6 20.5 7.!,5 
35.5 33. 9 37.1 
rr . .i 73., rr~ 2 
52. 6 a:u .51).5 
2.5. 7 17.8 23.8 
1-1.0 8.0 13.G 
I:?. 0 7.4 11.0 
15,9 11. j H.5 
16. S 14..2 16.G 
H.O 12.4 13.G ---------

320.0 274.G 314.fi 

reservoir o.s mensured o.t So.n ~Inrrio.l. The latter 
arc, therefore, without effect on the water supply of 
the Elephant Butte-Fort Quitman section except inso
far as improved distribution of flow to the Middle 
Valley may permit of grenter diversions in that section 
with n. possible reduction in the total amount ofwo.ter 
nvnilnble to the Elephant Butte:-Fort Quitman section. 

Wuter Sh<Jrtages under Given CondHions 

T;tbles 114, 115, nnd 116 show the wnter shortages 
by years in the Snn Luis, 1Iiddle, nnd Elephant Butte
Fort Quiimnn sections under the ,arious Conditions 
nnd for the periods 1892-1904 and 1911-1935. Com
ment. is mnde in the-order of Condition numbers. It is 
to be noted tho.t the period 1904-1911 comprises o. 
ser:ies of wet years with run-off well o boYe normul in 
most ca5es. For this reason, although the analyses do 

Rio Grande Joint Inrestigation 

TA-ill.I! 113.-.'\Ionthly rv.n-off of Rio Granile near Lobalos f{)t 
minimum, mean, and ma;timum years, 1911 to 1933, under 
t·an·ous gii:en condi'tion8 of storage and irn.'gation drajl 

[Unit l;,,000 acre-reetl 

CondiUon number' 

~ I 5 I 
I 

'-!.1.XD!t":.\I YEAR (19111' 

10 11 

Jsnue.rf.............. 27. l lS. S 1!!. l !5.1 I H. l B. 4 H.8 13-3 
Fellruar~·.... .••.•• ••• 2-1. 5 li. 1 16. 5 13. 5 12. 5 12. 9 13. 3 H. ii 
\Ilirch.. •••••••.••••. 35. 9 2i. l 25. ~ :?3. 2 :l2. 2 2i. 8 ~ l 21. 2 
AprU................. 4.U 2~.~ 2".?.5 '.!1:l.2 IS.f> 16.2 Jij.2 2l.S 
\la)'................. !r.!O. 5 129. o 11'. 4 102. ~ 9S. 2 43. ~ 37. ~ 10-l. Z 
June................. 2-!S. 3 !SO. O 117. 6 11,. G 107. 7 119. 3 100. 3 113. 7 
July................. r..9 u.;.o 613 s2.1 n~ 61.6 ~11 ~:~ 
.\Ugust.... .. ...•••••. 19. 9 19. 6 30. 4 30. -l :1. r. 35.? ~~-. 9

7 23
_ 
1 September........... 33. 4 25. 6 25. 7 25. 7 19. 5 26. , " 

Oetooor ••••..•.•..... 189.4 335.0' 138.~ 1:is.1 133.9 11S.9 7:?.3 110.; 
Xo,·embtr. ••••••. ••• .52. 5 43. 6 i 51., 51. 1 49. I 56. 9 . 30. 9 51. 5 
December •••••..••••. ! 4.0.7,_43.,\ 38.\ :JS.7 3;,1 41.5\ 25.~ 38.3 

Year·········-·:!, 01.i. !! I l, OOS. 9 I 651. 6 I ll.SS. 71 !lOO. 7 S69. 61 ~3S. 6 I 64ij, 7 
I • I I . I 

\!IXD!t·::.1 YE.\R (t93-!) i 

}~b~~;:_~::::::::J g:~ ~tg ~:; l~:; J~; rnJ UJ lU 
'.\!arch ••.•••••••.• ···1 29. O 27. 5 ZJ., 20. 7 19.; 22. 1 20. 9 21.: 
.April................. ~4.5 ~:+ J0.3 J0.3 !! 11.1 ll.l ll.9 

;~~~=:::::::::::::::: 1Vi o.s 
1U l~:: ;;:s su ~u li; 

July .................. 
1 

o.~ o.; 0.5 10.s o.e 31.4 ZJ.o 12.r. 
August •.•...•.••••.•. 

1 

1. 7 l. ~ I,~ 15. 3 , 1;. 5 24. ~ 2. 7 l2. l 
se11tem brr. .......... r, ~ !· 9 \ H. 7 i 12. o 5. 8 13. 5 5. s ~- 4 
October •..•. ,........ 11.- o.O 9.S 

1 

!l.8 5.6 11.3 9.9 b.~ 

Dccembtr ............ H.2· 11.4 11.3 9.2 ,.B 8.4 8.4 s.s 
November .•....•...• ! 19.7 4.i 1,;.o 13.4 10.S !5.4 H.3 13.2 

":>'c~r. .. ••••• ••. 1so. 8 130. s 113;_ s 
1

, 1;1. 7 j 110. i Z12. 9 1..-. s 159., 
I ' I 

Jauua.rr ••••.••••••.•. 
February ••••••••••••• 
March ••.•..••••••••• 

~f~~·:: ::: ::::::::::: 
June ••••••••••••••••• 
July ••.••.•••••••••.•• 
.-1.uguSt ••••••••••••••• 
September- •••.•••.•• 
October •••••.•••••••• 
November_ •••••••••• 
~cernber •••••••••.•• 

Year ••••••••••• 

, Re!er to tnble JOS. 

23. 1 19. 0 I~. :; \' l,. 0 16. 0 l 8. 0 15. 3 17. ~ 
23. 3 21. 2 19.4 18. 2 17. 2 .18.; 15. 8 19. 2 
33. 9 2S. 5 29. 0 26. S 2.i. ~ 26. 9 ZJ. 2 27. S 
41.fi 2$.9 31.,. 31.7 30. l 2\l.2 21.0 33.2 

146.0 102.6 115.5 · ll3.; 109.3 9-U ~S.7 113.J 
137. I JU. 5 120. ~ 12S. 3 115. 4 1:!2. S 6.5. 3 121. 4 
31.6 46.6 37.3 38.5 2:l.6 4~.2 38.2 34.6 
18. 2 IS. 5 2~. l 25. 4 16. 6 3i. 9 3-1. 0 22. 2 
27. 6 lS. ~ 21. 2 20. 3 H. l 25. 6 Zl. 8 17.; 

s:i. 9 23. 7 25. 6 23. S 21. 2 26. 9 Z'!. ~ 23. • 
43. 6 35. 2 26. O 25. 2 21. 0 26. 2 21. 0 I ZU 

26. 2 2a. 2 21. 2 Ill. e 1S O 20. 9 1S. 2 19. 2 

58$. 1 4 iS. l l -lS9. 0 ~85. 3 433. 3 4SG. 5 \ 34G. s \ ~;3_ 2 

• Year or maximum llow nt Del Norte. 
; Ycnr of minimum !low at Dd Norte. 

not co~er this period, it is certnin thnt in it no short~ 
ages ,rnuld have occuned under nny of the Conditions 
except No. 1 nnd possibly No. 9. 

Condition No. 1.-Under this Condition shortages in 
the supply for the area. served from Rio Grande in Sun 
Luis Valley would have occurred every. year in the 
25-year period 1911-35. This is due to lo.ck of coordina
tion between river flow and ideal distribution of the 
dive:rs1on demand. It clearly shows that a monthly 
schedule of diversions conformil1g to the i..--rig11.tion 
<lerirn.nd crmnot be practiced without regulation of the · 
stream flow. Lacking the latter, unbo.lo.nced earl:i,· 
scfl.Son diversions must con tinuc if nd,·nntagc i.s to be 
to.ken of tbe stream flow as it occurs. 

Condition No: 2.-1.Tnder present deYelopment in 
· Snn Luis V .o.lley short-ages would bu Ye occurr~d in the 

Middle ·valley in 6 yenrs of the period 1892-1904 nnd 
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General Report 

T.~l!Ll: lH.- irater shortages in San Luis sect-ion, r.,-pper Rio 
Grande Basi11, under various conditfons of storage and irriga
tion draft 

{'C'nit 1,000 ac,-e.(€etJ 

Condition number, 

1 ' Reier to tnhJij 10s. 
'l\l:ui.tuurn short:.ige in percent o! dh·ersion cletnantl. 

I 2 :reo.rs of the period 1911-35. 'Jhe indicated maximum J shortages in the two periods o.re 191,000 acre-feet, or i 33 percent of the diversion demand in 1902, and 237,000 
,{ o.cre-feet, or 41 percent, in 1934. Although these 
.,. mn..'lllm are not excessive for o.n isolated year, the 
~ succession of shortages in the drought years in the early 

period represents o. serious ::;ituntion which could be, in 
po.rt, relieved by storo.ge. 

In tbe Elephant Butte-Fort Quitman section short
.; age~ would hM-e occurred in 1902, 1903, and 1904 with 
:i the m!l.xim.um of 383,000 acre-feet in 1904, representing. 
.t 50 percent of the diversion demand. Ko shortages o.re 
,! indico.ted in the lo.ter period. 
1 Condition J..-o. 'S.-Shoi-tngcs in the Rio Grande o.ren. 
J of San Luis Valley, with Yega-Syh:estre Reservoir o.nd 
J present storage, would have been 39 o.nd 55 percent of 
l the diversion demand in 1931 o.nd 1934, respectiwl~·· 
~ These heavy shortages and the large number of reserrnir 
'cl spills developed in the operntion study for the 1911-35 
·1 period indico.tc that Vega-Sylvestre Resen·oir would be 
'.i 1~0.de~uo.tc to . reguln.te the supply to the o.dopte<l 
1 d1nrs1on demand. · 
.~ Condition AiJ. 4.-Although under this Condition no 
i shortages in the Rio Grnnde r.;,·.:,l. of Snn Luis Vn.lley 
1 
;j 

13.5 

TABLE 115.-n·ater shortages in Jliddle :iection, Upper Rio 
Grande Basfo, under various conditions of sloraae and irriga
tion draft 

[t:n.It J,000 aere-reet] 

Year 
,. _____ c_o_nc_i_tio_n_n_u_rr_,h_~r,-1 ____ _ 

I I ; l 10 i JI --------~1 --,--.--1--,--
1•9'-··---···········-····--····.I O O I O I I : 0 

i1*:::::::::::::::::::::::::::: ·!· ~ g !I 1l ~ 1~(~~:j~~~~~)I: g 
1894l •••••• · ·········---··---···· 6'1.5 13.9 4~-, 1 •••••••• ,........ 0 
lS~L ...•....••••• • ------·--···· 0 0 0 j ••• I •••.... : 0 

fi~~~(~~~~~~~~~~~~~~~~~;~~~~~~ :!! if.; j }
0

!:: ,i_:_:_I:.:_f.:_:_11.:

1

·_'._f_i:.~.t.~.~.1.i ;
0

~ 

t!t:::::::::::~::::::::::::::. 1st.i ~:f: i 1~1.; . •.............. o 
·~:=====-=! --: 

:'.lla!ih'tlum year lo percent'·-·-· ==32:-!_ ..:!_l~::.:.:.;;;:..,(::.:.:.:,::;;J~ 
19!1 •••• ---···············--···· 0 0 I O O O I 0 
19l~---···········--······ .. ---· 0 0 0 O O · 0 
1913 ••••••• --····-·············· 0 0 '! O ti ,1 0 
1914 ....................... ----· o o u o n o 
1915 •••••.•••••••.••••• ······---1 0 0 0 0 0 0 
1916.-- ... ······-·············-- 0 0 0 ll O O 
191,.-······-·············---··· O O ' 0 O O 0 
191~---······ ······---------···· 0 0 fJ O O 0 
1919 .••.••••••••••••••. ·--·····. o o o o o n 
1920 ••••••••. ·- •••.•. •• ......... 0 0 f) 0 0 0 
19"!1. •• ·······--··-·-··········· 0 0 0 0 0 0 
19:?'J •..•. _. --· __ : __ ••·•• ·-···· .. 0 0 0 0 0 0 
192;! _________________ ·······-··· 0 0 0 0 0 0 

1112~ ............ ··········------ fl O O O O 0 
19~5--·················· '"••-··- 0 0 0 0 l1 0 
192ll. _ •• ······-····-· .••••.. .••• 0 0 ~ 0 !l 0 
19'?, •••.••••••...••. --- . . . . ... •• 0 0 0 0 0 0 
19:?S_. ········---·-·--······-··· n o o o o n 
Ul21J_ •••.•.••••• ----······-····· o o n

0 
I o o o 

1930 ___ ·-----------··--,---···-· 0 0 0 ~ 0 
1931 •• - . ------····· ·····-·- ••••• 25. 5 0 1,:,, ·I , O O 0 
1932 •••. : .•••• _________ ··-----·· 0 0 I O I ll O 0 
1933.-··---------······---·····- 0 0 il l · 0 0 0 
19,1~---·----------·-······--···· :?36. o 1m., :!'1". ~ i ;p, o 119.o o 
193~--·····-··············--···· 0 0 0. l, 0 0 0 

)la..dmum year in percent •--···l-71_:is_l~i~[-~-i--o 
1 Refer to tRble 108. 
• )I,uimum sbortaie in percent ol dh.-ersiuo demand. 

are indicated in the 1911-35 period, some tho.t are very 
severe are shown in the early period. There would ho.ve 
been shortages in 6 of the 13 years of this period with o 
maximum of 425,000 acre-feet, or 65 percent of the 
diversion demand, in 1902. Following 1904, however, 
there would have been a period of 33 years (inc.lnrling 
1936 and 1937) without a shortage. 

In the :Middle V o.lley, shorto.ges would have oc
curred in 1896, 1900, 1902, 1904, and 1934, with the 
maximum of 162,000 acre-feet, or 2S percent of the 
demand, in 1904. These shortages are substD.ntio.lly 
less tbtm those shown under Condition No. 2, indicat
ing the improvement of Middle Valley conditions thnt 
would be brought about by stornge in the San Luis 
section o.s under. Condition No. -!. j_ shortage free 
period of 30 ye1Lrs, 1905 to 1933, inclusfre, is indicated 
here. ·· · 

In the Elephant Butte-Fort Quitnrnn section the 
mo.xi.mum shortage in 1904 of 454,000 ncre-foct, or .59 
percent of the diversion dem::md, is 71,000 o.crc-fcct 
more than the shortage in the same year under Condi
tion No. 2. This increase is due to tbe greater use in the 
.\liddle Vo.Hey mo.de possible by the- more foYornble 
monthly distribution of flow nt Lobutos. 
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FIGURE U.-Monthly nan-of! o[ Rio Or!lilde nenr Lobatoo, Colo., for minimmn, 
1ne:in, and llltlllmum }"e.ll'S, lS92-190t, under 'l"Wious given condition~ or storage 
a.nil irrigation dr:l.lt. 

Condition No. 5.-Shortuges under this Condition are 
no different in Sun Luis Vn.lley thun under Condition 
No. 4. In the Middle Vnlley shortages are somewhat 
higher nnd occur in 3 more yeo.rs thnn under Condition 
No. 4, but except for the shortage of 192,000 acre-feet 
in 1904, they are still all less thn.n those under Condition 
No. 2. The shortage of 225,000 acre-feet or 39 percent, 
in 1934 is the maximum for any year in both periods. 

In the Elephant Butte-Fort Quitmnn section the 
shortages occur in the same 3 years ns under Condition 
No. 4 but ure more se..-ere. The mamnum in 1904 of 
480,000 acre-feet is 62 percent of the diversion demand. 
No shortages are indicated in the 1911-35 period, but 
the operation study showed a minimum content of 
Elephant Butte Reservoir of 364,000 ncre-feet in 1935. 
as compared to 665,000 under Condition No. 4 (esti
mated by comparison with dnto. of Condition No. 2) und 
700,000 ncre-feet under Condition No. 2. 

Conditiar.No. 6.-Shortngesin the Conejos nreu. under 
this Condition, in the Hlll-35 period, nre indicated for 
2 years only, 1931 and 1934. The maximum of 3G,OOO 
n.cre-feet is 16 percent of the divers.ion demand. If the 
:'.\fogote storo.ge were eliminated, reducing the storo.ge 
cu.po.city to 132,000 acre-feet it is estimated thnt the 
mn:....--imum shortage in 1934 would hnxe been about 
33,000 acre-feet. Compnrison of the data for yen.rs of 
low run•ofl' in table 111 indicates decided impro,;ement 
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:FIGUIIE 43.-:Monthly rllll-<>ff o[ Rio Grandt near Lobatos, Colo. for mln!l!l=, ~ 
"""""· and ma.,:imum yen.rs, 1911 to 19J.S, under vo.rious given contl(tioos o ! ;tu r~ge ~ 
nod irrigation draft. 

in the flow of Conejos River at its mouth due to stomge 
reguln. tion. 

Condition No. 7.-Under this Condition, o.s shown in 
tnble 113, improvement in regulation of outflov.· nt 
Lobatos is greater than under Condition No. 4. There 
is a shortage"in the 1\liddle Valley in the 1911-35 period 
in one ye!ll' only, 1934, of 80,000 acre-feet. This is 
81,000 acre-feet less than the shortage in the same year 
under Condition No. 4. 

Conditi(J11, No. 8.-With both Wagon ·wheel Go.p and 
Vego.-Sylvestre Reservoirs, and grentest possible de,el
opment in the Rio Grande areo. of San Luis V o.lley, this 
Condition shows n. shortage in this area of 1411000 
acre-feet, or 19 I)P,rcent, in 1934, as compared to no 
shortages in the so.me period under Condition "X o. 4. 
Analysis for the early period was not mude, but com
p::.rison with shortages in this period under Condition 
No. 4. indica.te,:;probuble shortages under Condition ?\o. 
8 pf from 35 to 70 percent of the diversion demo.nd in 
1S99, 1900, 1901, 1902, o.nd 1904. 

Condition No. 9.-For mu:runum development in 
the Conejos o.ren this Condition shows shortnges in 6 
years in the 1911-35 period us compnrerl to only 2 years 
under Condition :Ko. 6. The maximum of 151,000 
o.cre-feet, or 50 percent, in 1934 is 115,000 ucre-feet 
greater than the shortage in the sume year under Con
dition No. 6. 
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General Report 

01mdition1Yo.10.-Thisis the Condition of unrestric
ted and maximum development in San Luis Valley. It 
shows o. shortage in the }.fiddle Valley in the 1911-35 
period in 1 year only, 1934, amounting to 119,000 acre
feet, or 20 percent. This is more thllll the shortage 
under the comparable Condition No. 7 but less than 
thnt under Conditions Nos. 4 and 5, due to a somewhat 
better distribution of Lobatos 1fo,v in the summer and 
foll months. 

Ko shortages are indicated in the 1911-35 period in 
• the Elephant Butte-Fort Quitman section, but the 
: operation study showed that the content of Elephant 
~ Butte Reservoir would have been reduced to 88,000 

acre-feet in 1935. 
! Condition No. 11.-With respect to its effect in So.n 
,; Luis Yalley, this Condition is no different thun Condi

tions Nos. 4 and 5. In the Middle Valley, it shows that 
, with the addition of storage in State Line Reservoir and 

inflow from the sump drain, no shortages occur in any 
renr of the two periods of analysis. 

J 

In the Elephant Butte-Fort Quitman section, short
ages in the early period in 1902, 1903, and 1904 are 
greater than under any of the Conditions Nos. 2, 4, and 
5 because, with the elimination under Condition No. 11 
of the shortages occurring in the Middle Vo.Hey under 

j Conditions Nos. 2, 4, and 5, the greater consumption 
.~ thus permitted in the }.fiddle V o.lley is directly reflected 

l 
in a reduction of flow to Elephant Butte Reservoir. 
The maximum shortage is 538,000 acre-feet, or 70 per
cent of the diversion demand, in 1904. In this period 

I 
the ope:ation _ studies showed that Elephant Butte 
Rescrv01r would have been dry from April to October, 
inclusive, 1902, in September and October 1903, and 
from April to August, inclusive, 1904. No shortages 
ure indicated in the 1911-35 period. Elephant Butte 
Reservoir would have been drawn to o. content of 205,000 
acre-feet in September 1935. 

In the operntion study under this Condition, draft 
from State Line Reservoir to satisfy the Middle Valley 
demand was given priority over draft from El Vado 
~eservoir because there would be less loss by evapora
tion: from water held in El Vado Reservoir than from 
~niter in State Line Reservoir. Under this prMedure 
1t turned out that no draft whatever was required on El 
Y ndo. Reservoir in any year of the two periods. It 

1 r~mamed full, therefore, in all years. Had the opera
tion study been made (1) to draw to fullest extent on El 

1 Yado Reservoir to meet the ]vliddle Valley demand (2) 
to complete sutisfoction of this demand, if necessary, 
by drawing on State Line Reservoir, and :finally (3) to 

B
draw on the latter reservoir to satisfy the Elephant 

ut.te-Fort Quitman section demo.nd to the fullest 
~'l":tont ))ossible; · the resul~ing .shortage in the Eleplumt 

1 
utte-Fort Qmtmim section in 1902 ,rnuld ha"Ve been 

ess by o.ppro:tlmately the amount of residual stornge in 

137 

TABLE 116.-Water shortagei in Elephant Bu.lti-Forl Quitman 
seaitm, Upper Rio Grande Basin, under various conditions of 
storage and irrigation draft 

[Unic 1,oc,o ~cre-lC<?t] 

I 

I Conditlo:i nure~tr 1 

Year i--.-~ ___ 4 ______ :o ___ l_l_ 

lffi===~: ::==::::===:==:: :: =: I I I I l 
189i- •• ····--····· --·-···-···· 0 0 0 0 
189S ••. -•••••••••.•••• -·-----·· 0 0 0 0 
!Sll9, ••••••••••••••••• - •••• ---- O o o o 
1900.---··-------··-···"······ 0 0 0 O 
1001. •••••••• -··------·-- •.•••• 0 0 0 0 
1002.-······--··-··--·····-···- 1Sl.l 133.3 :?S~.! 507.S 
1003 ..... -.---···----··--·----· s.o 6.2 ;.o --------·· 1;.s 
1004.----·--··-········-······· ~ 45-1.4 ~1'=··---·- 5:\;.6 
·Ma~lmum year in percent •-.. .;o 50 62 -·--· .••.. ;o =---· ~= 
Minimum $torn:,e !n Ell'- I 

pbant Butte Resen'oir._____ 1 o IO ·~ ··-····--· • o 
== ~= 

mt======================:== i ========== g g g 1914 •••••• _ ••.•••••••.• ---····· 0 ---·--·-·- 0 0 0 

mt:::::::::::::::::::::::::: g :::::::::: ~ i g 
1917 ••••••••••. -----·-----····· 0 ··--·-·--- 0 0 0 

mL::~::::::::::::::::::::: ~ :::::::::: i i ~ 
l\l!lO •• ---······----·-······-·-- 0 ··-··----- 0 0 0 
11)21 ••••••••••••••••••••••••• -- 0 ········-· 0 0 0 

ff!:::::::::::::::::::::::::::! g :::::::::: g g g 

lll~~~f t\I~\I?IIIW I t\\ ! I ! 
!9:!0 •••••••••••• -········----·- 0 ---·····-· 0 0 0 

mt:::::::::::::::::::::::::: g :::::::::: g g g 
1933 ____________ ···-----···---- 0 ·-········ · 0 0 0 
]934 ••••••••••••••••••• -....... 0 -----···-· 0 0 0 1935 _______ ,___________________ 0 ···-·---·· 0 0 0 

M · · , I ol i o===o"= · ~[;;;;~;~~;;~-t~;;~~1=:1~==:=1==;1===: 
1 Refer to table lOS. 
• Marlmum shortage In per~nt or di1.>ersioa demand." 
' ReservOir emplled in 3 consecutive years. 
~ Estimated. 

El Vado and State Line Reservoirs 11.s found at the end 
of that year. This was 198,000 and 167,000 acre-feet, 
respectively, or a total of 365,000 acre-feet, which would 
have reduced the 1902 shortage from 508,000 to 143,000 
n.cre--feet, although Elephant Butte Reservoir would 
still have been emptied in that yenr. Xo relief would 
have been afforded for the 1903 and 1904 shortages. 

Use or Transmountain Diversions 

No analyses were made to show the effect of water 
brought to the San Luis section by the Animas-Rio 
Grande, Weminuche Pass, or San Jmrn-South Fork Rio 
Grande trnnsrnountain diversions prior to increase in 
storage capacity in Rio Gmnde drainage above the 
vulley over that of the present. The largest mean 
n.nnun.l import::i.tion of the three dh-crsions would be 
130,000 n.crc~fcct under the Anhnris-Rio Grande project .. 
The improvement in the rcgubtion of wi,tcr supply· to 
be effected by this 130,000 ncrc-fect costing over 10 
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million dollll.-l's is not to be compo.red to that resulting 
from Wagon "\i'heel Gap Reserroir, pro-riding 1,000,000 
o.cre-feet storage at commensurate total cost. With 
Wagon W"heel Gap Reservoir constructed, the net 
eff{'ct of tronsmountnin di-rnrsions which might be 
mo.de in order to expand development in the ,alley 
would be to improve conditions in the lo\,·er sections 
over those under Condition No. 4 by the amount of any 
spills which might occur in the operation of ter.mi.no.l 
reserYoirs, po.rticulo.rly if there were no increase in 
stornge cnpo.city over thut which would be o.,uilable in 
the present and W11gon "'\1,11eel Gap Re5erroirs. In dry 
years the trtl.llsmountain diversion supply would be 
reduced so that if encroachments were not made to 
further deplete the Lobritos flow, there would doµbtless 
be heavy shortages in the new area brought under 
irrigation by the imported water. 

As indicated by the shortages under the various 
Conditions, the San Junn-Chumo. tro.nsmountain diver-

Rio Grr.rndc Joint I1westigation 

sion would be beneficial principully in relie,-ing the 
shortages of Middle nnd Elephant Butte-Fort Quitmo.n 
sections in a critical period such ns that of 1S99-190-1 
nnd inn. year such as 1934, although, by the sume tokt'n 
tho.t there were shortages in these. yen1·s, the Sun .foa;~ 
supply, n.n<l hence the diversion, would probably be 
correspondingly short. Howe Yer, for the Elephant 
Butte-Fort Quitman section, Eleph.1nt Butte Reservoir 
would provide the necessary regulntion to OYCrcom<:' 
the~e diversion shortages, and for tho :::-.fiddle section, 
terminal storage could be proYidcd to insure delh-cry 
to Rio Grande of the mean diversion yield cYcry yN1r. 
There would be opportunity for u:;e of the imported 
water in development. of ne,,· lnnds during the period 
of o. generntion or more when no shortages are indicated 
under nny of the given conditions, but the new land;; 
would of necessity suffer severe shortages in the minimum 
years when the transmountain diversion would be used 
to alleviate the shortages of the present deYeloped nre,1;;. 
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APPENDIX 

- -
PART I 

A-P R E C I P I T A T I O N , E V A P O R A T I O N , 
FLOW RECORDS 

TABLE lli.-Prei:ipitation i11 Upper Rio Grande Basin 

[Recor..!s oC a~nu:il preeipitation in inches a, published by t"nited States We...tber Bureau] 

SAN" LVIS SECTION 

AND STREAM 

i ! . I 1

1 
I . J J \I w:agon W_ago~ 

I Gur· . i:':11iu0, 1 ;l:fj C'ocbc· / W~st· flormit CaLhe-1 S;1,;u- ~ake Iron· Sav,n~e Eurek,/ >.mes, Silver- 'b!°i,'1 ·~~I Hermit 
/ field' : Pass I topa I ' chifo' Lake l dra.J I ache City I ton' Dasm I i. ) tor, I I Ri~et Ex; (ne,;r) 
I j I ! Y11lley Swtion 

----------:---.---;---i---i---·---!------··--;------,---i---------i---

25. 30 /-·····-· 
l91l--- .............. .,. ___ •.. 1 26.J~, 16.43 j 18.iO 1,l.32 11.;1 J 40.S01·-······ lUo I 17.W :tr.3S -····--- 28,631···-···· 44,7S ! •.•••• -- 23.6-1 2.1,JS 
ML.·-··········-···-······I 20.65 1 12.71 :l'J.ti~ 10.0li 10.Sl 43.26 ••.••••• 6.31· 13.96 28.35 20.20 ····-··· Z.-.H 1---·-··· 15.3~ 16.27 
19l.3"-··· -·--·- .. ·········--- 1 z.1.16 \ 15.39, 16.04 l~.26 H.52 37.Sl ·-·····- 11.431 15.40 23.68 16.SO -------- 26.&,.! •• _. ____ , li.99 :!1190 
l9!L.-•••..•.•..........•.••• 1 26.21 13.49 13.56 H;-Q I lS.16 -----... ___ ., ___ H.9, I 17.17 25.41 20.19 29.17 27.11 ·,--------124.% 19.70 
1910-- .... ············-----·! z.us 16.26

1 

H.91 •. ~!. ILiO i----- ••• ; __ •••••• ll.il -·-----· 20.21 42.~, --·-··-·· :1,.so ~nos-·-··-·· rn.02 18.96 

mt=::::::::::::::::::::::::1 iU{ 1U1 .. ~:-~~- .. :::~~_1 g:t1 ::::::::!:::::::: ;:J~ /:::::::: ii:~ ~Jr ::::::::' fug ~~ ft:i~ i'.l:~~ rttJ 
ms--·-···--·--·-···-····---: 2r,_31 ll.69 -------- ----··--1 rn.1, ···--···\ 9.731 13.43 ------·· 21.28 4S.78 ···-···· ZJ.79 21.95 ! 12.3, 1s.1s 21.12 
IV!~----.----···-··--··-···-·: :?'!.59 12.46 ····--·· --····-· 22.26 ·---·---, 11.73 IO.I:!:----···-, ~l.68 32.56 ----·---! 27.S9 26.IH l"i.0-1 IS.21 22.55 

1~~::::::::::::::::::::::::::\ ~J~ --~~~~~-1:::::::: :::::::: --~~:::_ ::::::::(is:s2- _.:::~_'.:::::::: 1

:::::::: ;:~ ::::::::• ~U~ i?:~ :::::::: iUt ~:i~ 
19:!2-________________________ / 21.<H 1 10.s2 l. _______ j--------!-------_1 ________ 

1 
12.n ·-----•• :----·---!-------· 33.02 ---··--·I z.i •• 2 1a.42 f---···-· rn.95 1s.s9 

1 Xot actually !n Rio Gronde drainage hut adjacent. 

130 

CO- 003091 

TX_MSJ_000171



140 Rio Grande Joint Im:estigation 

T.'LBLE 117.-Precip-ita!ion in Upper Rio Grande Basin-Continued 

S.~'s Ll.1IS SECTIO:S-Contlnued 

Del I Cas !La Vets. Monte Pagosa I Pali- ! , ! Cucharal ·1 I Funn\ Xonh : San ) . I Stoa~-· Cur:,-
Gsrnett :Korte cade; Pass ,..Ism Spring;! sade I Bianca' CIUJlnS ,, Platora LaJarolSnru:i~s i"Lal.e. Lms .)ranasso., wall• brc, 

(near) 1 Lake ' I \ " \ " ~ 1 ; , I / 
------·1--1--;--,--,1--------i----·--1--____ ! __ , ___ _ 

1905_ •••••••••• _ ••.•••••.• - 4.S9 ····-··-! 34.04 ··-····· --···-·· -······· ··-····· ·-······ •.••• - •••••••.•• .1 ........ 1 21.671......... 11.0, 5.93 U. 50 ····-··· 
1909 ••••••••• _ ••• ~ •• •••••• 9. 44 <15. 55 23. 31 --- .•••. ··--·-··i··-····· 9. S7 ::.l. 63 ·--····. ·- .••.•• 2S. S6 ··-··· •• l'.!. 62 G. 36 IS. 62 --·-· .•. 
1910 ••••• ______ ••••••• _.... S.ll -··--···I 30.03 15.51 ·-····-·1··----·· ........ 7.21) 15.02 ::!'.!.0.1 ----···· 16.H 15.SS: 9.64 ~.91 10-951 ~'f, ,:; 
1911 ••••••••••••• ··--·- •••• 9. OS 49, ill 24. 60 -·--···· ••• --·- ./ ···-···. 13, 27 :?3. ;.i 40 33 ·- .• .•.• 32. lO :20. 5-1 I 17. 114 10 00 20. 69 4•, ! ... , 
101!! ••••••••••••. ----······ 4.60 33.10 17.lS ··-··-·· ··-····-'·--··--· ····---· 28.31 Zl.5, ··--··--, 19.15 lS.~9 9.l'3 !,05 JS.97 2~ °2'• 
11)13 ••••••.•• __ ···--·--·. •. 8. 43 30. 37 l'· 46 •••••..• -·······!------. .I 9. 2! ~!- !~ 27. 4r. ~9. ~~ Z~- ~; 10. JO [ ~. 7~ ~? 13 ~~- :~ 
1914--------------········· 8.00 40.30 .l.56 --······ -······· --··-·-· 9.S, .a.,. 31.Zl _1.;i;; :?S.1.r. 11.ro 11.S, ;:.,.20 · .. " 
1915_·······--·-······-···· 7.111 3:?.59 ~'29! •• ----·· ····-··-/-······· l~-~ ~-12 ;,8-91 25.1S 21l.66 l'.!.OI\ l 1-~J 19.52 J ;,:·~_: 

mt::::::::::::::::::::: t: tt~ rn~ :::::::: ::::::::,:::::::: ___ :~~:- id; ;t~ ··--···· ·--~~~~- ri~ 1~:~;j !ir.:i ......... '.2;>~ 
J91S ••••••• --···--·---····· S.44 :?9.73 :?2.65 •••••••• ···-···· 35.IS 321lS ---·--·· ·-·----- •.••••••• 27.5<, IL{~ S.19 :;.;_~~ 
1019 •• _ •• ______ •••••••••• -. 7.53 ••••.• 31;,S'.l H.43 •••••••. -······· 40.S3 :l3.Z6 ••••••.• ····---· ·······-- 30.,2: 9.23 7.43 ~.,.~~ 

ii~-~~~~~~~~~~~~~~~~~~~~~~ f H -- u~ ~~~ ~:~ ~~~~~~~~.~~~~~~~~ ~fl ~~ :=~~~~~:i~~~~~~J~~~~~~~~i~~~~~J--i~- l~ l~~~~~~~i g,J1 
~r~::::::::::::::::::::::: :6:.~198 ·-T~· ;_·; 14.'73 :_:_·_.:_·_.-_.:.:_ :_:_:_:_:=.=.: _n,45 --~r1r 15.57 --······ ·--·····'·········l IZ.61 ·····--- 6.S3 ··--····! •:J'o. :-:: 
1926 ___________ •••••••••••. ---·-··· _ ,.., 

mt:::::::::::::::::::::: tM ut [~ :::::::: :::::::: ----·--- ---r94· 
S.48 12.39 ~.60 ····-··· ···----- •••••••• 10.59 -·----·· -------- •••...••. , 

Mean-···--·-·····-··· .• __ 6. 76 S. U 119. 26 1 :11. 41 7. 34 :i.;. T. 35. iO I 9. 07 I 23. 91 30. 57 ·1 7. TS II. 23. 96 ! 22. o-? 

1 

11. 1., : 6. St I IS. ii i 32. r,~ 
Estlmatedme:wUl00-19:IS. 6.7 S.l T,,4 \ 21.3 i.7 •••••••• 37.7 8.7 Zl:9 26.i ••••••.. 2Z.5 :?'l.~ 10.4 ; 6.6 21).J : 31.: 

I " ' ' • 

lIIDDLE SECTION' 

1 

San / Sun• Tl Red Enslc Aspen Trhs F.liz;1- I B~tr- Srr,:iJ. ! T 
?1os11a· Dulro• !'}rOo·, Cha.ma ,\ntonel ~hme Cerro Anchor A!~ Rlver Rock Grove ~ beth m n'· !eta Vnllc- 1'hcrmn: c:~' 
• Y• Ran~tr\ Vall~; Mint rilla Can,oi:J s1:~nt!~oenr Ranch Piedra, town·, R~ch (nc:i.r) Cito• (ncar) 1

1 ,:,;;· 
Station\ (near) - ' · 

m.1::::::::::::: ::::::: ::::::: ltJJ l~ll --------!-------- ___ : ___ : _______ ·--·----= -=------ --=---=- ll.:: , __ ::: __ : :_::: __ : ___ ::::: ::: :::: :::: ::::!·::: ::: 
1891---·····-····- ··-··-· •••.••• 25. U 3'.!.S2 
1802. ············- ••••••• -····-- 13. 39 19. S8 

!?t. 70 
~O.IS 

1911---······--··· ····--- !M.62 30.49 -···----1 15.16 ••••••. 

1

31.01 ·--····· 2-1. 16 2S.61 !?L53 T..09 29.2ij ········'·--·-·· ····---·\ 2-:.:.-: 
1912---······--··· ···--·- 12.66 18.95 -···--··i 12.85 ··--··· 36.6'1 Z?.32 lil.43 9.42 15.0f, ~0.06 ···-···-1-----·· ......... !',.>: 

11913 ••• _ •••••••••••••••• 19.09 Z:l.lJ!! -······- 11.Sli ··-•-· 32.!S 2J.3S --··-- li.SS 16.58 IS.JO Z..59 ·······+··-··· __ ...... : 20. ,: 
19H •••••••••• _ ••• 13.95 2t.05 26.01 -······· 11.:'9 -···-·· 43.10 \ 28.lZ 16.59. 25.21 1S.ll4 !?0.7S 21.SO ·····---,······· .••••••• ' ZJJ.; 
1915 •••••••••• _ ••• 12.59 JS.ts 2,;_50 ··------ 14.~o --····· 37.2~ ::::::::1 18.SS 17.:!S 19.sr. l!U.3 !9.i3 2Ul ·-····--···----· ·····-··' =~·~"' 
191~·-·······-···· 12.50 18.70 32.3~ •••••••• 11.10 ···-··· 31.11 -··-···· 2i.44 H.42 36.-lS 17.63 !?l.06 33.0~ ·-······:25.76 ·····-·• Z!.;7 
1917 •••••••••••••• 7.59 12.63 15.93 8.59 -------········ '28.91 i 17.97 10.01 17.lfi I 12.69 10.iO 15.~~ -·······\ 11.r! ··-·····J lJ.;: 
tms ....•..•.• _ .•. ····-·- 20.52 ~l.23 14.91 11u1 33. D7 ••• ····I 23. ,s Ji.OO 23.55 j' JS.10 ~- I~ 3:.40 ····----•······- •••.••.. ' ~. ,.; 

t:Jt::::::::::::: :g; ~::~ ~g~ ~Jg U:~ ::::::: ~n~ ::::::::i ii:l~ :i:~ ~Ul ::a~. tU{ 1 ~n~ "'i130.-:.;1~.Ti_r1 •• ·o,54·· ::::::::" ~&~; 
1921 •• - ••••••••••. lS.5! 18.41 23.SO 11.41 '.10.37 ••••••. -··--··· -.---·--! '.15.S'.1 18.42 '.1,1.,lj 18.60 ],.~! ~ •. so ······-·, ~ •. .c.: 

!l~::.:~:::::::::: ::::::: ~~ !U! if~ ~:ii ::::::f::::::\:::::::: .. ~:~ tt~ ~Ji !i:~ }l~ iU~ :in 1
1 
}H~ :::::j U:H 

10"...5 ••• _ ••••••••••••••••• ~(J.211 ---···· '.11.91 ll.i6 10.45 ·······i········'······-· 2n.~~ 1:u., 21.30 l~.Ol UH '.):tH l!.M 11.l,4 ····-·-· !'.>.'.'· 
l!l'.16. _. --···•••••• •• ••••. 19. 16 •• ••••-/ · 211. ~ 17. '.14112. 74 •••.••• 1 ••• - •• ...... ••••• '.11. 12 .• 12. 57 '.1fo. 7$

1 

l~. 94 n_ 33 :?'2. r,, 15 "°l I 16. '.16 ••·-···-' J.;, =., 
1927-••••••• ---··· ··----·i '.14.33 ·-····-1 29.49 1S.4S 12.SO -·············-"""······· 2 •. ~5 1S.2S :!0.19 '.10.SO 14.701 ~a.9211,.3.i 1······· ·······-' 'Jr,'~ 
10:is. ______ ••••• -- ····-·- 11.!l~ ·:·:·:·:: _____ ·_·I ~!-~~ 15.aa 1}:,t •••.••. ··--·--·.-·····-· 1s.% 1~·~! ~!l-t~ 1~.2S ~H~ 1 ~r.1s 10.t~ ,--·····I···-···· . .i,f ~ 
192!1 •• ---·····••·· ••••••• 15.6, -~.:::, -··-···· I •. •~ ·- •.•. ········'··--···· .5,7.l 1,.-~ ! .r.. 1'.t; .O.li:l I .4.73 ··---···'···---·· •.•••• - ., •. 
1\)30. ___ •••••••• -- _ •••••• 14.19 1,.lln --······ 12.~~ \·····-·'·-···•··;·······- ZUl!l I 16.67 21.01, 15.2'! JS.00 l~.o-1 ····-··- .••...• (: .••••.• (~; 
1031. •••••••• -•••• -----·· 2S.61 ······-I 2 •• ~~ ·--·····'·····-·········· .••...•. ····-···! 2~.23 , ••••••. _ 23.55: 1,.S-1 I IS.18 '1 ~ •. ~4 ,··---··· ·····--; ••.•... - •..•• 
1932-. _ •••••••••••••• -... IS. 03 ••••• -.. 18. 65 ······-·'-·-····· l'.1. JS : ________ : .••. ···-j 2:?. 9~ .•••••.• : 23. s•:i '! l l. 6~ i & 21 ~. H :. ···--· ; .•...•. 

1 
l~. r,2 l ,. : : 

tm:=====:======: ===:=:: gn ,=======: M:~ ::::::=}=====: !Ui (:::~:i it~- tu~ ==::::::! ti~ in~ l a~! ~i:; 1::===::t~=:==:i liJ~ · in~ 
:-.rc;:in,.. ••• 13.33 1s. ~:? lG. s~ j :?'.!. 29 1L':5 1 H. 12 , u. 03 i 34. 15 ! i;. ~1 ::-.:. 1; i 1;;. ,1 1 2~. ro \ 1s. !1-1 I 1,.10 i ~- a, \ 12. 4S I ri. 23 \ 1.~. r.:, ,~. <; 

Esti11mlr1! me.~n i 1--1--,--1--i--i--[ ,--1·---.-----•--:,--:--1--·,--
l!>~0-1!)3L. __ •. tz., ! ts.s j tG.l . 22-3 j 1s.o / 11.1 

1
---·---I 21.~ ;·-···-··/ ~--~ j 1110 :;.;_,, ) n.o 1,.J ; :u 1~.4 ·: 1,x -·--···· ~.,.-. 

1 Kot actually in Rio Grande Drainage but kdjacent. 
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General Report 
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TABLE lli.-Prccipilation in Upper Rio Grande Btisin-Continued 

:O.IIDDLE SECTIO~-Cpctil:med 

141 

I 

<;}av· I I El ·1 Lind- ·1 ,1 Black llcapuli.n/ Hap J Em· 11 ". i Cha- I Pea• I LaJ~ra.1 'rm- ! Es- C...un· I Se!5or 
1
15uf°i;url Ahc,os 

llaa 'l'aos Rito rith 1 .\urors 'L.<t'·e • Rsni,er, oes 1 budo ,R~~ina con• asco I Ran!l'er. elms · p:i.nolu u1yo Ranch • ~ . ! Ran~b 
(near) 

1 
. ~ St~t,on, : I / Statton; I ~pr1n:,; 

l!.10 
13. 73 
14. Zl 
9.53 

rnt5.. ....... ---------I-----·· 13.46 ~3.37 I 16.3S •.••• 11.1; .

1 

_______ 1,.&1 1;.10_ ·······!-----··- 16.32 1_u4 10.:is zi. 111........ 14.0~ 
19!6 .................. 1------- H.07 -__ -·_·_·_·_-_I,·.·.-_-_-_-_·_·_ 20.0., l'i.75 'i6.6G 8.96 ····-·· IS.H 25.30 ---·--·1--···--· 17.21 ].J.44 6.20 26.0l 30.22 
1917.................. ....... 8. 71 13.93 12.16 12. 18 6. 78 ··-·--- ll. 04 15. S4 ....... ........ 7.39 S.S.l 4.97 13. 13 9.Jn 
19lS .................. 1 ....... 1.;.01 ....... 1 •••••••• 22.36 20.ro 1s.3s 9.0S ....... 21l.9!l 2s.o.1

1 

....... --·----- 1,.67 11.os 9.42 20.46 1.;.m; 
1919 .................. 1------- 17.37 ··---·- ........ ~7.22 21.13 20.29 ........ , ••••••• 2~.63 29 .. 47 ....... , ........ 20.34 15.02 11.69 31.23 20.17 
1920 ......................... 13. 28 21. 30 ln. 15 H. 30 IL .lO 1······· 16. 91 20. 51 ....... 1........ Ii 35 13. 23 7. 07 2'.!.10 1,.S1 
1921 .................. J .. ··--· 16.IO 16.12 25.07 20.52 23.ll 17.H ....•.. ; ....... 25.46 --·····I········ 16.U J0.S6 ll.SO 23.i2 
1022 ......................... 9.00 4.94 16.51 10.01 IQ.~ 6.30 ,-···---1 9.52 H.22 ....... , ••••.••. 11.46 6.68 4.SO 13.67 9.96 
192:1 .................. 17,67 14.28 13.00 2~.62 JS.!JS lo ... 16.12: ....... IU3 23.12 l9.S9 17.24 Il.69 9.72 23.15 -····-·- 21.!2 
192~ .................. , 13.70 10.61) H.17 15.6S 1U9 10 . .xl ll.60 i ....... · 14.22 16.S,; ,12.65 11.49 5.35 1 •••...• 19.25 j···-·--- 1$.I, 
102,; .•.••••.•...••••• -113.W 11.56 0.09 l0.62 17.H 10.59 13.~6 1 ....... 115.S:l 20.JS H.46 16.05 5.591·····-- 10. ll ........ l,.4o 
1921! ......................... 11.'n '7.33 IQ.72 16.00 11.72 13.131 ....... 16.01 23.22 17.25 15.~1·9.91, .•••••. 21.2.5 19.40 
l92i .................. l 20.07 12.0S !!6.69 20.4~ l~.86 !,. 11 ........ i. ...... l lS.S6 10.6.5 ....... 16.0l. 15.23 3.41 1----·--i 26.22 li.32 
1028 ......................... 9.86 16.66 19.79 13.Zi 9.13 ----·---i ....... IL!l-i 16.lS 12.,Zl lJ.,;o i.0,1·····-- l~.5'J U.45 
IQ:!!l .................. ; IS.60 15 . .SS ....... 2-1.67 ZC.3-1 '110.20 20.07 ..... ---1-------120.0\) Z.HI ....... :?0.9'J Z~.07116.00 , ....... 2,.0-3 ........ 21),5-0 
11J-'JO ................... B.96 12.0S ••..•.. 15.07 22.23 li.52 l-1.25 ·······+······ 12:,;.i 20.3i ....... 16.35 12.22 r·-----1----··· 18.60 ........ 1'1.9~ 

l tr{~~~~~~~~((~~~/ ~Ji !~'.E Jfl 1'.'.'.'.~J tr~ it~!~(:::):::\(((( ~~~~~'.~1 frli ~(ff rt~ ((~~;;I iHi (~~)~~~~~~ !Hl (~~~~~ii UJ~ 
j 1035 .................. 22. 25 ...::!.?.. .:.:.:.:=l:=.:.::..:..L::~~.::..:::..1=.:..::.:.:l.:.:.:=.:)---~---1 19.251...:.::.:: ~$.S4 i::::.:.:::.: H. 95 l.:.::.:.:.:.:.:'.:.:..:..::::.:·_:~_I_:.::..:.::..:::.:!._::~ 

1_!cnn ............ , ... ,l7.ii 12.ss ll.361 u.;sll !!0 . .13!16.3S;1 14_951· 11.so'l10.551.1uo 20.~o 1s.0111a.2sl] 1s.4,'l0.o,i 9.rnl 22.001 15.oSI 15.55 
E,umatc<l mc!ln l~Ou-- I 1 1 I , , \ I I 

J 
rn,s ................ 1s.1 13.o ·····--1 1s.6 20.G 

1
10.s I 15.o 12.2 

1

,u.; 11a.s 121.0 ! 1s.3 16.s rn.1 o.s ! 9_2 
1 

22.2 
1 
..••••••. rn.o 

lUDDLE SECTIO.X-Continued 

ii I .Fri· . I .. i 
1
1 ! Snnta I ·, 

1
1 McGaf·

1 
, f I l '1 I. - Joles Lee Jame, " 1~- • Santa Fe I Cro"·n· Wood- F.~rt Gal- !er DeraaJ-: Illue· i . I Sta~· San .\lbu· 

• ;'\aru~I Can- Ranch I Springs sor 5 ,I Dfand Fe Can· 1 point I lmry \\ 10; isteo Ranger iJJo I W!lrer . Diener le~ ,_ H,1.focl · quer· 
• _· yon I Ranch I yon i;atc Sta·, : ,_· l(nenr) I I que 
' I I I t,oa I I 

~ 1530 i 1--1--,--1---------/--1--1----1
--1--r--;---- --j--. 

i 
J 
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TABLE 117 .-Precipitation in Upper Rio GTande Bann-Continued 

MIDDLE SECTION-Ccn:itlni:llld --
-------1---1---11--- --------------------------------
18711. -·-·············· _. •••••• ------- •••••••• -------- ··-·---- --····· IJ.M .•••••• ---···-· ·-······ 6.37 ·-----· ----·-·· --·----- -·-····· -----·· --····· •• ••••• &11 

=:::::::::::::::::: :::::::: ::::::: :::::::: :::::::: :::::::: ::::::: J:~ ::::::: :::::::: :::::::: ~:: ::::::: :::::::: ::.:::::: :::::::: ::::::: ::::::: ::::::: ::::::: 
1882 •••••••••••••••••• ····-··· ••••••• ·······- --······ ······-· -······ 11.37 ······- •••••••• ··-····- ll 32 ---·--- ·······- ·----··· -------- ---·-·· ·•••••• ••••••• -------
18113 .••••••••••••••••••••••••• ······- -----··· ••..•••• --···-·- ····-·· 14.. 76 •• - •••• --······ ·-······ U. M 
1884 •• --------········ ··-----· ------- ------·· ·------- -------- ·------ lll.87 -······ -------· ···----- J~:: :~ _-_·-_-_·_·_· __ --__ ··_·_-_-_-_ ·_·_·_·_·_-_._-_ -__ --_-_-_-_-_·_ -_· __ ·-.·_·_·_ -_-_-__ ·_··.-. -_-__ ·-.-.·.-_ -_·_-_:_:_:_ 
1885 .••••••••••••• _ ••• ······-- ------- ··--·- .. ·---···· ·-······ ••••••• ll81 ------- ------·- ····--·· :::: 
188!!._. _______________ -------· -···--- ···--·-- ----·--· ····---- ••••••• l&.00 ---···· --·---·- ··-----· ··-··-- •••••••• ---····· ------·· ••••••. ••••••· ·-····· ····--· 
1887-····-···-·····-·- .••••••••••.•.• --····-- -·---·-· -······- ·-····· 13.38 ----·-· -·····-- -----··· 16.U ••••.•• ······-- ·-·-···- -··-···- ------- -···--- ··---·- ···-··· 
11188-.-·-·······--···· ••····•· ·····-- ··--··-· ···-···- ··-····· ····-·· 12.03 ---···· ·······- ····---- u. 40 
1889 •• -------------··- 8.112 ----·-· -----··· ······-- -------- ..••••• 7.89 -·----- ··--·-·- ·······- 12.22 
ll!VIL. ••••••••••••• --- 12.34 ------- -----·-· -------- -------· ------- 12.88 ·····-- ····---- -······· 17.87 
1891 •• ---------··-···· lG.l!O ••••••...•.•••• ······-- -··-···- ----··· Ill. 711 ---··-· ··------ ··•··-·- 14.27 

---·--- •••••••••• 11. s9 ---···-· ·····-· --····· ___ .• :. ""Ti 
·•••••· ·---·--· 10. 211 •••••••. --····· --··-·· ----··- 11. 72 

11192._ ••••••••• _______ 8.10 •••••.. ··-----· ------·- ····---- ··-···· U.62 -·-··-· ··--···· -------· &. 72 
··---·· ----·-·· 8.90 ·····-·· ----··· ---···· ··----- ---···· 
•••••.. ······-· 11.4.3 ------·· ···--·· --··--- ···---· 6.84 

111113 ..•...••• _. __ •• - •• ----···· ···-··· ••••• --- -------· ··--·-·· --····· H.114 ··-··-· •••••. -- -···--·· 1.62 
111114.----·······------- ..•.•••• ··---·· ·---···- ..••••••..••••••••••••• 13.31 •••••.. ···---·· ····---· H.'8 16.71 --······ ··-····· ••••.••• ···-··· ····-·· ··-···· 
l!U.5 •• --·········----- -······· -·----· ---·--·· ·--·-··· 22.llO 20.21« -·····- -·····-- -----·-- 17.H H.29 ••••.•.. lD.04 -······· •.•..•• ---···· ---···· 
1800 .•• ---------·--··· ·-··---- -----·· ··-·--·· ··•·•••• 22.08 14.28 ···---- ····---· --·····- 10.63 12.22 --······ 7.89 10.17 ------- -----·· --····-
11197 •• -----------····· ··-----· ••••••• ·····--- -·--···· 35.411 :IOAO ••••.•. ····--·· --······ 18.IM 17.55 •••••••• 1149 12.40 ··----- ·-··--- ···-·-· 
1898----·········-·-·· ··••···· ----·-· ····---- ····•••• 23.!9 12.117 ··-··-- .... ____ -·····-· 13.89 9.30 ·······- &.82 8.07 ------· ------- ··-----
lffi- .• ·-····-·----··· --······ --····· ····---- ---·-··- 19.05 10.0S ··---·· ....•••• -·-···-- 8.*0 11.ff ··-·-··- 0.89 11.1MI ····--· ·····-· ••••••• 
1000 •••••••• _ ••••••.. - ·-····-- ·-····· ····--·· ---····· 23.71! Ui.89 -·-···· ·-----·· D.86 D.~ 11.116 ·······- A.M 8.08 -·---·· ·---··· ·····-· 
11101. •.• ------··--···· ------·- ·····-- ··------ -------· ~.82 17.41 ---··-· ----·--· U.39 9.72 10.09 ---····· 10.88 11.05 -······ ······- ····--· 
1002 ___ . ______________ ---·--·· ··-·--· ----·--· -----·-- 20.611 13.36 ---··-· ·····-- 9.72 12.37 7.91 ······-- ··-·-··· 7.06 ------- ··-··-- ··-----
1003.---········---··- .•..•••••••••.. ··---··· •••••.•• 11.M 9. 711 .-- ···- ·-·····- -·-····- JO, 34 8.W -···---- ·······- --·····- ----·-· .. ---·· ••••••• 
1~---····-···-···--- ··--···· -----·· ---··-·· ·-·---·· 21.M ••••••• U.111 --·-·-· ----··-- ···--··· U.1111 ••••••. ··-····· ••••••••••••.••• --·---- ••••••• 8.41 
llilWi •• ------·-·······- ·-··---- •••••.. ···--··· ····-·-· 211.32 ••••••. 17.22 ··•·••• ·-----·· ·-······ 21.21 ····-·· ••..•••• --······ -------- ·····-- --···-· lll.26 
1QCJ6. _________________ -------- ·····-- ··------ -----·-· :z6.62 ·-····· IG.80 -·-···· --··-··· -·--···· 22.1111 ••••• -- -•··-·-· -------- ••••••••••••••. ··--··· 12.12 
ltlm.---······------·· ·••••··· ·-····· -······· •••••••• 27.97 ••••••• 15.15 .--·-·· ······-· ----···· 19.17 18.57 
1908 •. ---------------- ..••••.. -----·· -----··· ·-··-··· 26.315 ..••••• U.711 •••••.. ·-···-·· ------·- 16.Gl! ··---·· -------- --·····- 9.43 -----·· .. ----- 12.23 
1900 ••••••••••• _. _____ ·-······ ··---·· ··-··-·· ··--·--- 2-l!lb ---···· 12.26 ••••••• ······-· ..•••••• 15.00 -----·· ······-· ·····-·· 12.116 -······ 8,116 21.40 
1910 ••• ---·-----······ ·-·-·-·· ······- ....•••• 13.ff 19.113 ••••••• 8.05 11.'6 ----·-·· --···-·· t.M ····-·· ····--·- •••••••. 7.3f ··----- 6.31 8.87 
1911...----·-··-······· --···-·· ··----- ------·· 23.25 11.75 ••••••• 17.12 21.24 •••••••• ···-···· 18.71 ------· 18.71 ·-·----- 17.23 •••..•• 2:1.31 JS.OJ 
1Gl2--····-·---·----·· ····-··· ·····-· ...• --•. 14.68 18.15 ••••••• 10.2G 15.83 •••••••• ----···· ·-·-·· --·-··· 111.01 -------- &.14 ••••••. 11.02 9.20 
11113 •• ---·····-----·-- ····-·-- •.••.•• ---····- 17.25 2G.G .•••••• 15.01 111.86 --······ ·····-·· -·····- ······- M.39 .••••••• 7.118 ------· 12.MI 11.15 
1914 ••••••••••••••• --- •••••••• ---···· --······ 21.715 :lll.50 ------- 17.211 lll.911 12.llb ·····-·- ··-··-· ·----·· ·-······ --··---- 10.05 -----·· 13.311 15.g.l, 
1915 •• ----------·········-----·····--···--··- 21.22 22.86 10.91 17.116 18.51) 8.67 8.78 _______ J7.14 111.'13 
1916.----···---······· ···----- ..••••. ·---·-·· 22.1111 :ZU,3 :11.09 lll.'1 20.~ U.M .•..•••• --····· -····-· 111.65 ···--··· 9.IM ·····-· 1e.28 -······ 
11117 •••••..•• _________ -··-···· ..••••. --····-· 1.25 17.22 U.M &.03 ••••••• 11.03 ··-··--- ---···· ······- ll.15 ---····· 6.34 ··--··· 7.M .•••••• 
11118 ••••••••• -.--·---· ..••••••......• ·······- llU!l k.27 18.32 l.5.25 ·••··-· 5.00 ······-- -·-·-·· ·····-· H.75 IUS ••••••• 12.02 
1019 •••• -----········· ·-···--- -······ --······ 24.29 17.25 IIO.M 20.88 •••••• _ 16.119 -·····-· •••••••.•••••• 19.75 10.65 ••••••• l7.7~ 
IUI. _______ •••••••••. --··-·-- ---··-- ··-·--·· 111.:'AS 22.86 21.47 13.::14 -······ 8.26 ·------· ···-··· ..••••• 11.41 U.38 
11121..--------········ ·····--· ·-··--- ···---·· 16.82 31.eo 17.fg 17.SO -····•• 11,Ge -···-··· .••••.. ·-····· '4.02 •••••••••••••••• 21.86 12.72 

i'g:::::::::::::::::: :::::::~ ::::::: :::::::: ~U~ ~:J ii: it: ·it1i- 1~: :::::::: ::::::: ::::::: ~g~ u2 ________ :~ 1U1 
l!IU .•.•••••.••• ___ . __ ·--····- 12.31 19.IIO U.60 21.41 8.92 11.68 llll3 ---····· --····· ·------ 10.46 11.47 ••••• --. 21.83 11.29 
1925 .......... ________ -··-··-· 14.56 20.l!Q 111.lll :16.62 --····• 12.M JG.02 ll.18 ····-··· ·-····· ····--- 14.03 7.07 20.&2 8.M 
ln'--·-···-····------ ..•...•. 17.70 22.55 18.JO :18.50 ···--·· 12.117 Ul.86 11.71 --····-· -····-· ······- 22.06 10.45 22.82 12.65 
11127 ••• ---··········-· ·-··--•• 16..7! 23.0'il 17.83 Z!.48 14.17 llt'3 17 • .lll -······· ••••.•• ·-····• Z!.28 18.4-0 23.31 ······- ···-··· 
1928 _______ ._ •••.. _ ...•••••••• 12.118 H.02 15.70 :M.111 ---···· 13.08 ZUM 11.41 ------·· -···-·· ····-·· 14.20 8.115 ······- --··--· ··-----
11129 ••.•••. -·--·-····· ··---··· Ji.Ill 24.61 20.04 12.14 ••..••• 2!.02 13.•g ........ ---···· ------· 20.88 14.114 ····-·· lll.42 ····---
lll30 ....•••• - •• -...... 9.00 H.111 19.22 U.87 2S.14 --···-· 13.24 7.28 ··-··-·- ······- ····-·· 15.74 7.43 ··-···· 8.35 •...•. -
19:IL._ ....•..••.••.. 1l76 23.e& 31.85 211.12 31.B ···-·-- 15.llO -·-·-·- 111.65 ····----,·-·-··· ·····-·' -:!.93 •3.47 ·-·--·· ···--······--·· 

7.'2 
5. 'l2 
9.78 
7.02 
,. 74 
U9 
Ut 
uo 

10.11/ 
Uf 
11.83 
11.112 

U.'12 
U8 
9.18 
7.Gl 
l'2 
HI 

11.1M 
6.00, 
6.157 

11.39 
U6 

11.M 
UII 
us 

l&.CO 
us 

lO.W 
((» 
7.1116 
U7 
8.411 
9.21 
7.87 
lfl 

!US 
8. 31 
n. '.'1 

~~::::::::::c:::: :::::::::}.~. HJ! J~ ~t~ f.:::::::: Ji\::::' tJ -~·:::::::~,::::::: ::::::~· Jj~ ,:::::::~ ·:t:~ ~::::::: 1
~: :::::::i ·-i:~ 

11i1ls .•.....• _______ •.• -·-····· 1t83 21.83 22..m :ia.oo -·-··-- 12.119 --·---· u.eo ---···-- •••••••.•••••• 20..a --······ a.46 ······- 11.M ··-···· 11.04 ---------- ------------ --·-- --- --- ------
Mean .•• ----········· ll.ll2 15.80 22.CQ U!.18 :M.49 11.07 lf.43 17.l'll 11.25 lL68 14.~ 12.81 17.80 S.16 10.M :IS.03 12.26 14.32 11.21 --------------------- ------------------
Estimated mean 1800-

11135 •••••••••••••• -. 12.7 16.2 23.4 llU 24.S 18.8 '14.3 IIU 11.2 •••••••• 15.l 12.2 llU 8.5 10. 7 25.3 12.11 13.4 8.6 

1 Not actually 111 '.Rlo Offl!de dn.illa&e bat adJaceDt-
1 Actual 411-yeu record. 
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T.uu& 117.-Pruipwtwn in UpJH!f Rio Granik Bcmn,-Continued 

MIDDLE BECTION-Condnued 

San 
.Mar
cial 

)~.---···············-· .•..•..• ··-····· ·--···· 9.1111 ----·-·· ··-----· ••••••.. ·-··-·-- .•••••.. ·······- ·••····· -······· ·-····· ······-· ·······- ···--·· ····-··· 7.12 
1851 ••••.•.•••••••.••••• - •••••••• ----···· ••••••• l&.12 •••••••• ··-····· --······ -·-···-· ·····-·· -·····-· •••••••• ······-- -······ ••••••••.•••••••.....•. ·····-·· 5.H 
m2 ..••• ·-···········--· --······ ---····· .•••••••••••••• --······ -······· ..•••••••••••••..••••••••••••••• ·····-·- ••••.••• ··-···· ·······- ······-· .•.••.. •••••••• 7.ll6 
11153 .•••••••••••••••••••••••••••••••••••••••••••••••••••••••.•..••••••••••..•••••••••••• ···-···- ···-···· ···---·· ••••••••.••.••• ···-···· ···-···· ···--·· •••••••• a. ;s 
UIM.--·--··············· ••••••••..••••••••••••• ·····-·· ·······- ·••••••• •••••••• •••••••• •••••••• ••.••••• •••••••• .••••••• .•••••• •••••••• •••••••• .•••••• •••••••• 7.llG 
ISM •••••••• _ ••••••••••••.•...•••..••..•• ·····-· •••••••••••••••••.•••••.••••••••••••••••••••••••••••••••.••••••• ·······- ••••••.•••••••••••••••.••••••••••• ---· 12.66 
UIM ••••••. _ .••••••••••••.••••••.....••• - ••••••• --······ •••••••• ··--···· ••.•••.• ·-······ -·-····· ••••..•• .••••••• •••••••• ••••••• .••••••• •.•••••• ..••••• ...••••• 13.43 
Ui5'/ •• ••····-··-········· •••••••• •••••••• -······ •••••••• ·-······ ·-······ •••••••• •••••••• •••••••• •••••••• -······· ••••••••••••••• ·--····· ··-····· ---···· ---····· 13. t3 
1&'58 ••••••••••••••••••••• -·-·-··· ••••••••••••••• •••••••• •••••••• •••••••• ·-··-··· ·······- ······-· ····-··· -······- ••••••••••••••• -----··· ···-···- ••••••• ·---···· •• 63 
18$ ••••••..••••••••••••. -······- ·······- ···-··· ····-·-· ··-----· ·····--- •·•••••• ··-··--· ······-· ··-····· ··-····· .•••••••.••••.. ···-···· ···-···· ··--·-· ·······- :u. 5!! 
}MO _____ ············---- •••••••• ·······-···-·······-·····-·-·-·······-·········.···---· •••••••• ····-··········-········ ••••••• ···---·-···--·--····-··........ t..53 
mil. .• -···-·········-··· ..••..• - ••••..••••..••• ·····-·· --··--·· ······-- .••••••• ·····--· ·······- ··---··· ··-··-·· .•.••.....•.•.. --·-···· .•.••••• ....••. .•.•..•• JD.6S 
:ue2.---····--·--·-······ ·····-·· ........ ·-····· ···--··· ........ ··••···· ···•···· ---····· -·····-· ·-······ ····-··· ............... ·······- ··-····· ······· ·····--· !Q. 68 
1863-·-··········--······ ·····-·· ······•· •••••.• ·······- ........................................ ······-· ........ •···•··· ··-···· ·······- ....•••• ··--··- ··-····· --····· 
JlilM..-·-················· ..••••.• ······-· ·····-· ••••••••.••••••• ·•••••·· .••.••.• ····••·• •••••.••.••••••. •••··••• ••••···· ...•.•. ·······• ·-······ ·-·--·· ···-···· ·•••••• 
18&.-·--···-············ ····•··· ···-···· ..... _. ·-·-···· ........ ·••····· ........ ········ -······· ········ -···-··· ·······- ······· ········ ·······- ··--··· ......•• ,. 72 
llll!6 •••••••.••••• - ••••••• ••••••·• ····---- ••••••• ··-- •••• •••••••• •••••••• ·······- ·······- ··-····· ··-····· ·······- ·-·----- ••••••• ·••••••• •••••••• ··-···· ······-· 7.47 
l!Ml7 .• -•••••••••••••••••• -··-···· •••••••• ···-··· -·····-· •••••••• -······· ••••.••. ······-· ·······- ••••••••.••••••••.•••••• ---···· ······-- ..•••••• ••••••• •••••••• II. Ill! 
ll!a8 ••••••••••••••••••••• ···--··· •••••••• ....... ····-·-· •••••••••••••••••••••••• ·····-·· ·······- ······-- ···-··-· •••••••• ·-····· ······-· ··-····· ••••••• ······-· 17 44 
1889 ••••• -•.••••...••••. - ....•••. ·••··••• .••.••• ····--·· ·····--· ................ •••••·•• ·······- ·····-·· ····--·· ·••••••• ---···· ··•••••• ··•••••· ••••••• ··-····- ll.30 
1rm •••••. -•.•.••••••••. - ..•..•.•....•..• ··-···· ····--·· ··---·-· .•••••••••••••••••••••.• ·······- ····--·· --····-- ........ •••••.. ........ ••••.••. •••••.. ........ 9 H 
1871 .......... ---------·· •••••••••••••••• ······- ·······- ................ --··--·· ................ ·••·•••· .•••••••..•••••.••••.•• ······-- ·····--· ••••••• •••••••• 7 2£ 
1872 •••••...•••••••••••••..•••••••••.•••• ··-···- •.•••••• ····-··· ······-· •••••••.•••••••• ······-· •••••••• ······-· •••••••.••••••• -···-·-- ······-· ····-·· ·····-·· a. is 
18'1:!. .•..••.••••..•..••••.•.•..•• ·······- ·•••••• ··--···· --······ ······-- · ••••••• ····-··- •••••••• ··--···· ·--·--·- .••••••.••••••• ····--·· ·-······ ··-···· ·-······ 6,8/i 
·1814 ••••.• -•• ----···----- •••••.•. ···-···- -·-···· ··--···· •••••••• •••••••• ·······- ···-···· •.•••••• ·•·••••• ..••••••...••.••••••••• •••••••• •••••••• ·····-· ·······- 9.08 
1876 ••••••••••••••••••••• ···-·--- •••••••• ··-··-- ••••••.••••••••.••••••••••••••••.•••••••••••••..•••••••• •••••••• •••••••• ···-··· •••••••• ··•••••• ••••••• •••••••• 13. 3,1 
IS78 ••••• -••••••••• -••••• ······-· ··•·•••• ····--· ••••••.••••••••••••••••••••.••.•.••••••••••••••••••••••• •••••••• •••••••• ••••••• -······· ······-· ·····-- •••••••• 12. IS!I 
UT7 •••• ·-·············-· ··••••·• ······-· ·····-· .••••••••••••••• ····-··· •••••••. ···-···- •••••••• ·-······ .••••••• ··-·-··· ••••••• -····--· ······-- ·····-- •••••••• 12. 45 
111711 .•••••••• _ ••••••••••• ··-····· •••••••••••••••.••••••••••••••• ······-- •••••••• --·--·-· ······-· •••••••• -·-····· .•••••••••••••• ·····--· •••••••• ---···· ·-······ e.os 
18111 ••••• ___ ···-···-····· •••••••• -······· -······ •••••••• •••••••• ·-······ •••••••• •••••••• •••••••• ••••·••• •••••••• •••••••• .••..•••.•••••• ·••••••· 8. ~ •••••••• 8.114 
Ul!lO ••••• - •••••••••• _ •••••••••• -••••••••• -·····- -·····•- •••.•••• ·······- •••••••• ·-·····- •••••••• ···-···• --······ •••••••••••••• - •••••••••••••••• 14. 3G •••••••• Ill. 86 
1881.-······-············ ••••••••.•..•..•.•••••. ·······- •.••••••••••••••••••••••.•.••••• -······· ••••••••••••••••.••••••• ·····-- ..•••••• ·····-·· Ul.33 •••••••• 15,33 
1882 ..••.•••••••••••••••• --······ ······-· •••••••••.••••••••••••• ····-··- •••••••••••••••• ·••••••• •••••••• •••••••• •••••••• ••••••• -······· ·••••••• ••••••••••••••• ••••••• 
1883 •••••.•.••••••• _ ••••• -·-····· ••••••••.••••••••..•••• •••••••• •••••••••••••••• ······-· ···-···· •••••••• •••••••• •••••••• .•••••• ··-····· ···-···· ·····-· ••••.••• ·•••••• 
HM ••••••••• --·-····-··· ....................................... -·-····· •••.•••• ·······- •••••••• -······· -······· ............... ··-···-· ••.•.•••••..••• --····-- 10 00 
lMli--······--·--·-----·- ······-· ·····•·· ............... ·•······ ·····-·· ........ --·····- .........•..•........... ········ ....... ········ ·····•·· ······· ········ ······· 
11811 ···········--·····-· ·-······ ••••···• ••••••••••••••• ·-······ ........ ---····· ···-···· •••••••• ·••••••• •••••••• -·-····· ·····-- ................ ••••••· ······-· ••••••• 
1.887 .................... -······· •••••.••.•••••• ···-···· ................ ···-··-· ···--·- ·······- •..••.•• ··----·- •••••••• ••••••• -··--··· ······-- ·--···· ··--···· ·····-· 
1888.-···-··············· .......• ·····-·· ······· -·····-- ..............••.•••..•• ·····••• ........ ······-· .•.••.•......... ·····•• ·-·-···· -······- ···--·- ....•... ·····-· 
lllll9 .•••••••.••••• - ..•••• ···-···· •••••••.••••••• -······· .••••••• ·-······ •••••••. --······ 1a.10 8.11 ·······- ······-- .•••••• 8. '18 ··-····· ···-··· G.Ml 7.28 
!BOO ••••••••••••• --···········--········· ••••••••••••••••••••••• •••••••• •••••••• •••••••• 12.18 7.118 ····-··· •••••••• -······ 13.43 ····-··· -······ 12.28 '1.17 
·~1. •..•....•••.••..••. _ ..•....• •••····· .•...•. ······-- .••••••• ····•••• .••••••...•••... 11.12 115.37 •••••••••••••••. -··--·- ···--··· •••••·•· 13,911 12.78 )3.116 

' .••••••.•••••••••••••.••••••...•••••• ····--· ··-···-· •••••••• •••••••• •••••••• •••••••• 11.03 11.ll ·······- ····-··· ••••••• •••••••• ••.••••• 4.31 11.57 4.31 
···--····-·········· •••••••• ····--·· ··-···· -···--·· ······-· •••••••••••••••••••••••• ····-··· 8.fO ·····-·· •••••••• ·-····· •••••••• ···-···· 11.06 ll.19 8.06 
·-·············--···· •••••••• ····--·· ••·•··• •••••••..•••.••• ···-···· •••·•·•• -······· .••••••• ·-" •••••••• ·····-·- ••••••••••••••• ·······- &.07 l0.88 3.44 

···············--······ ···--·-· ........ ·····-· ······-· ........ -······· --······ --·-···· ....... . 
189i ••••••••••.•.••• ·--·· .••••••• -······· ··-···· ····-··· ····---- •••••••• ····-··- ··-··-·· •••••••• 
:ia ..... ____ ···-······-- .....•.. ---····· ............... ···-···· ....•................... ······•· 
lBllll •••• _ •••••••••••••••••••••••• -·-····· ••••••• ·-······ •••••••• ·---···· •••••••• ··---··- ·····-·· 
l90(L •••••.•••••••••••••••...•••••••.••.•••••.• ·-·····- •••••••• ··---··· •·•·•·•• --·····- ······--
1901. •.•••.•••••••.•.•••••....••• ····-··· •.....• ···-···- ···-···- ······-· ·-·-···· •.••••••.••.•••• 
lll02 ...••.....•..•.....••...........•..•..•.. ·-· ···--·· ·····---·- ······••·•••••·········•·•· ....... . '.=·--· ·· ..... -· _ _.· ..... ·· ··- .. ······ ·. ··-·· ·· ····· ·-- ·····,·· ········, ··············· ·-. ·· :o.":i2· 

i;lt:::::::::::::::::::·:::::::: :::::::: ::::::: ft: :::::::: :::::::: :::::::: :::::::: ~t;~ 
1907 •••••••• -.. -----·---- ........ ·-······ ··--··· 12.07 ··-····· •••••·•· •••••••• •••••••• 14.91 lll06..................... ........ ........ ....... I.Iii 

O
u ••• •• H.01 

1900 •..•••.••••..•••••••• ··-·--·- ••••••.• ··••••• 10.80 ........ D.118 
11110---··········-····-·· .••••••• U.35 11.08 -·l·,;·.;.· 8.52 12. ~ 9.H llnl.. •••..• ______ . _____ . ..••.••• 17.411 12.IIO .,..,., 111.67 ::13.87 19.13 
11112 ......... ·.-·-······-- .••••••• H.GII 8.47 5.03 lt.f8 90.411 ll.00 
l111L •.. -............... ···--··· 111.lle 8.118 7.28 lll.M 23.22 10.211 
1914.. ... _............... •..••••• 18. 'ill 19.63 15.+I 10.04 la.07 211. 73 15.13 
llllS-········--····-····· •.•••••• 17. 94 :11.118 13.13 11.157 18. 72 19.112 18. 23 
1918.. ........... ________ ·-······ 17.80 21. 72 10.28 1'.411 39.42 17.lla 
11117 ••••• -•. ·········-··· ----···· Ul3 15. 63 1.23 i.04 16. 117 7_ 73 
1.918 .•••••• -.. - •••••.•.•• --······ 17.52 JS.at ••• 

1
;·;.,· 8.88 8.114 211.32 17-09 

1910-----·-·············· •••••••• :M.05 20.56 ..... 11.aG 16.21 27.84, •••.••.. 18.33 
lll20.--······-···----···· 11.:ZO 12.0II 17.30 13.81 11.111 •••••••••••••••• 19.39 13.113 
1e21.. •••••••• _ ••• • • • • • •• 10. as 11. w 11. m 10. • a. 49 -- •••••• ••••• .•• :ao. 4; 111. t2 
1922 ................... -. 3.15 7.81 8.0t llllG ········ ........ 12.10 
1923 •• -·-·-·············· l&.89 16. H 14.113 22.07 
ltlf ____ ····-···---··-··· 4.113 10..IIQ U. 72 a.11 •••••••• •••••••• ····---· 111.117 
1825. -••• ····--··-. _ ••••• ll 65 11- 47 10. 88 ••••••••••.•• _ •• •••••••• •••••••• 11. 00 

~:t::::::::::::::::::: ~: ~t: ....... ···a.M ___ ::::: ...... :: ... ::::: ~: 
1·······-·············· lL 10 U if 8.36 --······ -······- •••••••• 111-1111 
lffi •••.••. -.•••••.•••.•• 12.25 IB.2a 1194 ••••..•••••••••• ···---·· 28.J'T 
1930 ••••.•.•••• :......... 7.9a 11.01 ···-··· 7. H •••••••••.•••••• ··-··-·· 15. 70 
ltliU ••••.•• -............. 14. 88 •••••• -. •• .•••• :I.I. 211 ····- --. --. • •••• ••••• •• • 22. 22 
1932 .•••.• ·-············· 1111111 •••••••• ··-···· 10.811 ·-······ -······- •••••••• 28.111 
1933..................... 1L98 16.27 H.114 .••••••••••••••• ··-····· IIO.IIO 
HIU......... •.• •••••• ••• 7. SB J2. 8G1 ••••••• 7. a ..•............. -· -·-··· JO. 811 
IGU ••••••..•••••• -...... U.88 tl.41 ••••••• ·-······ •••••••••••.•.•. -···-··· lla.M 

··u«r 
8.1111 
9.04 

13.113 
13. 29 
11.05 
17. 77 
10. 77 
1B. 91 
17.12 
U.8e 
8.37 

1:u11 

12. 30 •••••••• ·······- ••••••• ···-···· ····---· 13. 55 15.118 12. Oil 
7.155 •••••••• •••••••• ••.•••• •••·•••• ..•••••• 10,58 18,ll:l 6.55 
7.311 ···-··-· •••••••• --····· •••••••• -······· 10.61 18.18 10.13 

11.87 •••.•..• ····-··· ··-···· •••••••• ·······- 9.12 JO.Oil 
7.115 •••••••• ·······- ····--· .••••••• ···-···· 7. n e. 78 
8.115 •••••••• ····-··- ....... ···-···· ·····--· 7. M 4, 39 

H-77 ····---· ..••••••..•.••• ·······- ...••••. 10.06 I.OS 
'· '.1 ~~. ~ ........ .... .. . ............... J. ::8 ~· ~ 

. o~j :o:~ :::::::: ::::::: :::::::: :::::::: 1·io,:i.· :::::::: .:i's 
13.~ Zl.82 ·--····· 24.17 21.116 22.40 22.45 21.i9 
ll.117 17.lle •••••••• 11.lll! 12.22 U.GO Jll.67 9.23 
15.11$ :rue ........ 14-11 1U8 17.85 211.90 HI.Oil 

11.27 111.a'/ •.•••.•• H.QO 14.76 11.211 18.34 6.46 
4.:16 115.60 -·--··-- ··-···· 12.811 8.11 12.611 11.22 
4. 61 12.154! -·-····· -······ 10. 28 'l'. 152 13.15(1 8. 83 

H. 37 2Cl.4S .•...•••. - ••••• 1'.l.118 16.12 :rt. 09 16.1111 
a.47 H. 72 -······· •..•. ·• 18.118 8.01 21.1>3 9. 48 
7.77 H.27 --·---•• ••.•.•• 13.86 8.10 Jl!.16 11.89 

10.21 11U8 •••••.•• --·-··· 23.84 17. 81 :D.40 8.38 

~:.~ lilts ·115.15 ~Ub ~i: ~:t 1t~ 
2.15 10.l!O. 8.67 8.67 •••••·•• 4.119 10.1,15 11.25 
9.IH 22.19 ....•••• 11.57 11.65 ······-· 12.22 17.13 6.e2 

10.84 )15.77 •••••••• 115.111 llS.17 --······ 18.3) 21.04 9.32 
11.!1'7 15.41 -----··· 111.43 111.39 -······· 8.61 15.00 !.61 
11.2111 16.18 ·-······ 18.1!8 7.73 •••••••. 1.U3 10.60 J0.46 
1.24 7.113 4.26 4.M 6.37 4.18 
11.07· 19.42 •••••••• H.41 19.20 IUD H.M 7.20 
a.a ··-····· •••••••. 7.48 1.0 11.04 10.20 11.12 
8. 17 9. IIO 7. 99 t. 12 9. 84 II. 79 
8.ll 17.23 -······· 10.72 9.49 lL24 U,.35 10.31 

1~:: ··1u1· ·······- lU~ 1U~ t: ff: t: 
14. 07 17. «I 115. 39 111. 76 12. 23 M. 17 11, :19 
6.08 111.U 11.20 7.87 ••...••. 8.52 10.98 7,1111 

JO.ff 111. • llS. M Ill. 20 •••••••• 16. 90 Ill. 71 11. 30 
10. 16 18. 08 15. 35 10. 80 12. 70 10.113 t: 1t~ ··-fir 1U1 1

~:: 
11~ t: 

6.07 17.111 6. 77 lUl .. iUi" lU8 12. 14 UG 

Meu •.••..••••••.•••••• 10.12 14.'13 15.90 11.48 8.11 18.21 Z.:N I1U9 18. UI I.It! 111.:111 a.a U.48 13.12 1Lffl 10. %7 llUIO 9.00 

Xatimal.ed - JR),. ---1935 ••••••• - ••••••• -- 11.0 14. 0 15. 9 10. 7 12. 7 8. 2 12.1 

,---t----1,-....--1----1----
f 8.4 I B. 8 18.0 J.U 10.2 H.5 

CO- 003095 

TX_MSJ_000175



144 Rio (}ro:nd., Joint !~ion 

TABLE 117.-Pnci~ in Upper Bio Grande Bari-Continued 

J:LEPRANT BUTTB-J'ORT Qtl'ITMA.N SECTION 

-----;---1---- ----------------------!---------1----
=:::::::::::: :::::::: :::::::: ::::::: :::::::: :::::::: ::::::: ::::::: ::::::: ::::::: ::::::: :::::::: --11.lll!l. ------- ·······- ··--·· ·-···--- ••••••••••••••••••••• ••••••• 

188~ ·----····- -····-· •••••••• ••••••• ·-······ ---·-··· ------- ----··· -· .•••• --····· --····· --······ 12.113 ::::::: :::::::: ::::::: :::::::: ::::::: ::::::: ::::::: ::::::: 
~--······-- ··--···· ····---- ···-··· ····---· ······-· ...•••..•.•••.........••••.. ••••••• .••.•••• 1.04 ·•·••·• .•••••.. ·••···• ·-······ __ ._ •.•.•••••• -·-··-· ····--· ~::::::::::: :::::::: :::::::: ::::::: :::::::: :::::::: ::::::: ::::::: It:~ ::::::: ::::::: :::::::: MI ····-·- -------- -·-···· ·------- .......... ---- ............ .. -.. --........... -- .................................................................. __ ............................ ----..... ... 

........ -.................. __ ............. .. 

1-········· ................ ······· } ~: ............... ······· ······· ....... ······· ········ .f j ............... ··=-·· ··:····~ :. ~~: :~: =~=~~ =i~; 
ll!&) ___________ ........ ······-- ··---·· ----··-· ··-·-··· ••••••• ··-···· ••••••• ··-···· ••••••• ·----··· 'T 10 ••••••• ····---· ····--· .... ____ 16.3'1 ------- ....... ····-·· 
1.881 •••••••••••• -------- ·-······ ---·-·- ···----- ----··-- ·····-- ····-·- ···---- ---·-·· ··---·· ·--····· J&,06 ··-···· ····---- -----·- -----·-· '.1.8.1'7 ••••••• ·-·-·-· ·--·-·· 
1882 ·--·-······ -·····-- ••••••••.•••••• -----··· ···-···· -----·· ••••••••••• _ ......... ------- ........ 9.ZI ............... ··---·· ··--···· 8.27 ...... _ ••••••• , ••••• 
]1!83 ____________ ···--··· ---·---· -·----- -------- •••••••• ···-·-· ••••••••••••••••••••• ••••••• ····-··· -·-···-- ······- •••••••• ••••••• -------- 12.112 ····-·· ••••••• ····---
1884 •••••••••••• ·······- •••••••• ••••••• ·------- -----·-- -·---·· ····-·· ··-···- ···---- ·····-- ·------· -----··· ----··· ·-·-···· ••••••• ··-····· 11!..29 ••·•••• ······- ··-·---
1.1186 ······-···· ---···-- ······-· ••••••• -....... ·····-·· ••••••• ------- .............. -----·· ----···· ---·---- ••••••• ····-··· ··----· ··------ '1. 31 ------- ------· ...... . 
ll!86 •• _ ••••••••••••••••• ------- ••• ____ •••••••• __ ····-- •••• ·-· ••••••• ··---·. ··---·· •• ----· ·-······ u .. oa ·--··· ····---- ---···· ..•••••• s. oo ·-···-· ••••••• ····-·· 
1887 -·----····· -····--- ··-·-··· ••••••• ·--····· ------ .. ··-··-- ······- -----·· ··----- ....... ·------- '7 42 ·------ ........ --····· ........ e. 7t1 ······- ....... ---·-·· 
181!8 n.os P m ·---·-- ------- ------· 
fflt:::::::::: :::::::: :::::::: ::::::: :::::::: :::::::: li:~ ::·:::: ::::::: ::::::: ::::::: :::::::: · 1.: ::::::: :::::::: ::.:::: ::.::::: l: ii ::::::: 7

• 1
7 

mn ua t. 22 ---···- t: 
=-·:::::::::: :::::::: :::::::: ::::::: :::::::: :::::::: J= ::::::: ::::::: ::::::: ::::::: :::::::: it~ ::::::: :::::::: ::::::: :::::::: i::: ........ t: 
1894-------··- --····-- - ···---- • ·--··· ••• --- ••••••••••••• ---- ••••••• 4. ~ --- •••.••••••• -······· 4. 47 ------- -------- ··-···· •••••••• 4. :M '7. 18 
1196 ... -........ •••••••• .••••••• .•••••• G. 11 12.23 11.87 ••••••• ---···· •••••••• II. 47 -····-- ••••••••••••••• -·------ 1,1) 20 12.tO 
J8Sl6-------···· ·-······ ····-··· .•..... 10.M 12.21 7.114 --···-· ••••••• ·······- 7.1111 ···--·· ---····· ··-···· •••••••• 11.711 ••••••• ·····-- ••••• 
:ll!9'1--····--·-· .•...••• ·---··-- ····--- JG.SIi 17. L'a 11. 74 ··-···· ••••••• --·····- S. GG -····-· ---····· ····--· ··------ 1.2.41 ---···· -·-···· -·--··· 
IM----·····--····--····-···....... J.t.38 10.M JL 1'3 ••••••• -····-- ·----··· 1L21 • • ..,· -·-···-- --····· •• • .. ,.: G.18 •••••••••••••• ····-·· 
111111--··--·--· ........ ······-- ··--·-- 7. 7ll 4.80 6.46 •••••••••••••• -....... II.GT ..... , •••••••• ··-·-·· "'"" 7.IO ······- ••••••• ---···· 
JllOO •• ___ •••••• •••••••• •••••••• ••••••• 15.00 9.G 6.03 ••••••• ··-···· ··-····· 8.40 15.IK •••••••• --····· 7.44 7.06 ···---· ··-···· ••••••• 
001 •• - •••••••• -----··· •••••••. ··---·- a. 411 9..111 ••••••••••••••••••••• -·----- ·····--· 11 N 1. 71 -------- -·-···· 1s. aa s. ea •••••.• ·····-· ••••••. 
1902 •••••••••.•• ···---·· .••••••• ---···· IS. lll --····-- ••••••• ·····-· ··-·-·· ···---- ··-···· •••••••• 10.IIO S.6l •••••••• ··--·-· &08 10. l& --····- ------· ·····--
'.003.----······---·····-- .••••••. ••...•. 'l.~6 ...••.•• -----·- --·-···•··-···· .•.•••• -·······-------· :o.~ 'l.02 -···---- •.••••. ~i.06 U.'$1 
·004 ••••....•.... --·········-----· :.:?. :s ......... '.3.:ll ··························-···· .•.••••. · a .. J ·:.. .,(I ~.J& ·1. ~' ••• ••• • ••• •• --\· ···-·· -· - . .. 

.:0 . .l.5 :!!. 98 A77 la. Jl ~tlll j_Jg l 
-· ---

:7.30 
--- ... - -- -------

~-----·······----··-- ..,,,,, __ ....... ------..... 
, _______ _., _____ ·-------· Ll:l ---·---·,-- ....... -- .,I, la .. ... ---- ..... --.... ......... _ .... 

1900 •• - •••••••• ........ ----- H.118 ------- 8. 7ll _ ............ __ lll.10 ........ -...... ll 2'7 ]IS. Jg _..,_ .......... -.. -......... - 8.80 ll.ff ...... -......... ................ .t l5i 14.1111 _ .. _ ...... _ ............. __ ........ __ ... 
Jjj07 ____________ ___ ......... _ 18.02 ...... _ ......... ll.'111 ...... ---- .... U.77 ----··- IUG 12.12 ...... _ .... _ ... _____ .... 6." 10. 61 .. ...... _ ... _ ... ----.. -- ua 8.41 --·---.. i-'-•-·-· ----.... -
lOOl!l •••••••• -·-· ...... ---..... ruo ------- 8. 13 _ ........... __ 12.08 ........ _ ...... ue JO. 73 ..... _ ....... ------·· 6.97 11.42 .. ... -....... ""f;i" LIO G.94 _._ .... ,._ --·---· _ ............. 111011. _________ ... _ .......... __ ................... 11.68 ------..... 7.U _;._ ... .,..,._ 1.43 7.913 ....... ---- .. ____ ........ 4.M 9.00 _ ..... ___ .. 4.82 4.33 .. .... ---· --·---- ----·--
1111n •••••• ·-·--· lLM ---·--- &. 711 .............. __ 6.40 ................ 4.81 15.31 -- ........ - -......... --- 4.02 ua ----........ - '- 73 6.10 4.00 .... _ ......... --·--.... .............. 
11111 ____________ 1g, &Ii .................. - -............. 13. 51 ------ .... us -"'--•-- 1L2J 17.83 ..... __ .., ...... .... __ .......... Ull lL:118 .. ......... _ ....... 10 . .a 10. 70 10. 118 .. ... -......... _ ---·-·· ___ .., ___ 

11112.--······-- 13.40 ----···- ·m~ar .J0.115 .................. -............. ................ 14.IU 14.G'l ... ............. - ............. -- Ull 13. la -----·-- 14.43 11. "19 10.14 .............. _ ............... ................ 
IIIU ....... _ •••• 11.48 ~ ................ 12.27 ------ ... - _ ......... _,.._ _ .. _ .. ..,. __ 11.111 17.00 ...... _ ......... ""ii."ij" 1L'711 8.1!8 .................. 8.64 6.69 7.0II ___ ....... _ _ .......... __ _ ............... 
191' •• -•••.• --- • 12. 61 

__ ..,., ____ :I0.07 15.12 .......... -.... ----....... -iti""ao· n.so :cl. 311 _ ................ lLWi 13.11 ---···-- 111.116 7. 19 17.02 ......... -- .. ................ -··--·-
11116-------···- 14. 22 ..... ~ ~ ........... l&.57 13..87 ... -----·- ............ __ IO. 'It! 11.e3 ..... _ ........... '7.1!111 7. 37 8.74 .......... -......... 9.82 4.:lll 10.26 ___ ....... _ ··----- ........ _ ..... 
19111 ________ •••. li!.158 -------- 21.08 13.. 73 ........ -.. -..... ----........ 211.:.l 13.27 14.73 -• ...... --- 8.88 7.'111 II. l!lll --·----- 10.1& 6. 72 t.77 ......... --.. ...... -.... ·------
11117 .•••••.••• -. 11.63 ...... -- ......... 9.32 3.53 -----·-- ............. __ 11.118 IUII 1.01 ..... _ ...... ,. U4 11.158 & 7t .... -- ...... ,. 4.88 4.'6 e.,11 ___ ........ _ _ .......... __ _ ... _ .. _ .... 
1918------------ 11. 75 ___ ... ____ 17.88 10. 76 .... -.. --..... ---- ........ I.II. 811 10.16 16.31 ...... ___ ... 8. 7tl 1.:n IL:ilS ... .............. a.eo J0.52 &21 -ir~- -··---· ----·-· 1919 •••••••••••. 12.96 .... --......... 1s. ea lLM 

_____ ... __ ............ __ :ns:i ·w~sr 10.115 -··---· 12. 711 8.06 9.01 ... --.......... 12.04 12.83 9.87 .. .... -...... ................. la) __________ 
11.ill! -"ii"~,- lll.5ll '7.83 -~ -----.. ----- .... 16.119 13,114. ·---·-- 12.02 &. 18 l.00 ................... 7,Sll 9.86 e. ~1 6.M ----··· ___ ... _ .... 

1921 •••••••••... lQ. li3 16.116 II.Oil ___ ......... __ ............ __ l:S.47 9.21 lL21J -- ...... -- 0. '12 '7.64 6.18 -------- 8.~ 7.08 e.112 11.llli ....... -...... _,..,_,,,_ ... 

lffl--------···· 7.08 8.1111 8.158 a. 77 ------ ..... _ .. _ ..... ,.._ 11. 711 6.l!lll 7.1111 ..... _ ......... II.GD us 4.112 ··T2i" uo 1.01 4.30 Ull -·-·--- . ........ _ .... lll'z.!. _________ 14. 54 18.1!3 24. 8el 12. tiO ...... -....... _ ... ··i:1r :ru11 lUll 17.49 .... .., ____ II. 411 10.lle 12. 17 us 8.k 8.13 8.lm ..... --.... -----·· lW{ ___________ 
8.12 8.112 ll. lG 4. 77 

____ ...... __ 13.H U.111 1133 --............. &. 97 4.1!3 a.a G.77 i-06 ..... _ ....... 'l'.28 5. 31 .. _.., ......... .. ... -- ... --
Jffl ....... - •••. 8.1141 16 311 22..11& 5.11111 ......... --.... l4.S9 :Ill. DJ 8.08 ... _,. __ .., .... _ ........... 6.9a 7.l!IO 8.13 7.:11 8.28 .. ............. - e.&1 a. eg _.., __ .. ,._ • .... m_-,.d 

1------·····- 14.113 111.33 2L :19 14. 00 
_____ ... __ llS.43 111.111 -Tff -ii"it --............ 17. 711 1U! 16.02 12.118 lUO ··-··--- JL 73 13. 34 ........... -.... __.., .. ~~--

tirn .. ______ _._ 9.87 12.22 15. Ill 6.11'1 .... ---- ..... 16.83 14.12 ...... _ .......... 7.1111 9.47 9.llll 11.N 4. 'Ill --............ G.25 ,U3 ·-----· ... ... -.. --
11128---··· .••.•• l!..1111 111,33 m--•••• 10.118 ··------ 14. ll8 19.,C ...... _,.. ___ 14.112 ............... 9.ffl 11.3'! 7.115 4.28 10.16 .... _____ .. Ul 0.1111 ..... -...... m,0,'"''"-~9 

11129.--·-······· ------ ..... 11U2 ......... ___ IL 18 ------·· 13.07 l.Q.Of _ ............. JS.6l ... .... __ ...... 1L04 0.22 9.72 l!..15 lO. l§O ................. V.28 8.47 ·---·-· _ ....... .. lll:!IIJ ____________ 111. 211 -- ~ .......... 11.112 ""ff74· 6. 72 11.116 ...... __ ....... 1144 -ii'ii" 5.73 us 6.1!0 1.1111 8.37 ............... -- IS.OIi 11.83 --............ ___ .. _ .... 
llAl •••••••••••• ------ -- 17.0II .... ___ ..... lLC l&.ISl :16.52 ..... ___ ..,._ 17. 15 12. :M u.:ie 12.n lLG 14.18 --............ 10. 79 14. 41 -·--· ... ... ... -- .. --
lll3:2.. ••••••••••• ............... -.... 14.88 ----.... - 11.00 It 711 lUO ZU7 -- ........... 1!.411 7.41 12. 76 l!..83 12.8' ------·- 8. 61 .... _ .. __ ...... :I0.114 lll.90 ............. .,.._ .. .......... --
1913.----····--. __ .......... __ 11.17 .............. 8.0l!l 12.'1111 12.12 11. :Ml ...... _ .. _ ..... 18.08 8.67 1.1111 4. 71 --·-·· -.. --.... -- --.......... _ .... ____ ..... a.sa 6. Jll ---··· ___ .. _ .... 
JIK. •••.•••••.• ...... ------ 11811 .. -.... -- ... 5.14 Ul,I "ffii" 17, Ill ............. - 1118 ua 1.111 4.82 .................. .... -- ........ --........ -.............. t. 'Tl 1.11 ··---· ... ... -.. -· 
------------- ................ - U.M ------· Ill. 711 10. 6'7 llO.N ---·--- U.112 8.111 .... 12.6'7 ..... _ ..... __ .................... ....... ____ ......... _ .. _., a.a --·-··· - -- - --- ,_ ---
lfe&ll .•.....• -. ll-N 11.07 17.79 11.99 111.U 12.'3 18.14 10.17 11.156 S.87 1.11 11.11111 8.M T.aa II.OS IUD 111.H 7.19 1.11 &::I& 
B1tlm111ted - 18811-im ________ 

:12.1 14.11 17.11 9.7 10.11 12.1 11.11 u U.7 u 11.11 LIS S.15 7.1 9.2 8.0 IIU u a.1 .. -........... 

CO- 003096 
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T.uiu: 118.-Ecia;poroticm cu Wagon W1iul Gap, Colo. 

Btmdud w~ Ban,u alaa A -~ Pl,lB. Umt, focbm! 

STATION A-1. l:LBVATION 11,&0l, NORTHERN EXPOSURE 

1'1111 ····---.. ---~ ---·· -----···· ---··· ····--·--- ···--···-- ----- --······---
19:lO.. _________ -·---· -·----· ·--······ -- ' --····· ------···-- l.'111 Z.62 
11121.... ___________ ----- --·---··· ----·-··· --------··· ---·····-·· a. 11 a. 10 
1m.. _____________ ----···· •• ---····· ·---··· -------····· • 0. 9G 4. llO ~-1! 
11123..----·····-------· --------·--- -·-··-·--- ----··--- -------·---- • • <Iii Ii. 18 8. 49 
1f13t.. ________________ ···-------- ···-------- ····--·---- ---·--····- ···----·· 4. 30 3. 75 

1.11 
2. 00 
1.83 
2.0 
2.1& 
a.oo 

STATION A-2, ELEVATION l,G, BOUTBERN EXPOSURE 

145 
----------

1.IICI 
I L M r 0. lie --··----·--· ••••••••• __ _ 

l.118 I • 63 ------•••- -----•------
2, 00 t. 48 ------------ ------------

• L ~l ·-·-·-····· ·-----······ -----···----
2. 27 -----·----- ------------ ------------

t. 13 
3.9$ 
4.12 
t..'58 
:us 
6.H 

I 2, 71 -----••••--- ------ ·----
' l. llO ------------ -----------
• 2. 91 •••••••••••• ····-·····-
! 3. 95 -----···---- -----------

•• 2.ZI --·----··-·- ··--·--····· 
II l, M -----·----- ------··----

1 27 da)'"II. • 2111.b to aist. ' lat to 19th. 1• 1st to 25th, Inclusive. 
• 1st to 10th, lnc!Ulive. • *b to ai.i. • lit to fftb.. u 1st to 11th, ltu:lusive. 
• 111 to 30!.h, ~n. • I.H to :IBtb. • .20 days. 

~da from U. B. F-t 8'nlol. St.11i!.lon5 lll&lntalmd !Ji-'>lelkm wi&ll I.be W111011 Wheal Gap ~ent Station on I.be Rio Ot111:1de above Sllll Luis Valley. 

TilLE 119.-.Eooporalion a.t Ga'M'UIU, San Luis Valley, Colo. 
lBi..ndard W11&Ulc Dwan elm A evaJ;l(lnl,tlon 1,1U. UJlit.11:ic:bea) 

Y- la-1•-1- - ~7 

19CZ7 ·--------· ···----- -----····-- -------··- ------- •• _______ ..... ----·--·-·· 
uics ••• ---····---·-···· ··········- ·--······- ··--···--··· a. 'I'll 7. 118 
19130.. ••• ----···---------- --------·-·- -----····- -···---····· t 1. 72 II. :12 
1111.u. ________________ ·····------- -··------·· ····------- • t. lllO IL t7 

June zw:v Aupst 

II.IC 8.02 11.18 
Ul.68 11.:U. 7.80 
9.43 7.113 5.84 

10.411 11.U 7.117 

September Ocwber November 

~-00 3. 74 ----------~~ 
G.00 14,H ............ -........... 
5.IM i.36 
U3 t. 74 'l.'¥1 

a 15th to ll!Oth, melm!ve, 
~ l#t to U&h. 

Blmrds from Co!Ol'ado Slate Ellli,neer. 

·TADLE 120.-E~~ 114'GT Therma, N. Mc.1 

(Stadard W111111thc B-clan A~ pim. Unit, mebesJ 

December 

~ --·-·-~----............... -.. _ ...... _____ ....... ____ 
.......... ------ .. 

,.,______ __ ~: __________ t_:./"-:I ""::, __ :_J ":' .. I '7.. '7.. ·:: I ":: ~: I N:: I ~J:.:. 
:llaL •..•• -·------·--·······--····----•-••-···--·•--·········--------· l. 7ll ". 78 1.88 '. ,2 1,-43 ;, ,o ,. !G ---------· __________ 1_.._ ______ _ 
.<J3:.: .•• a •••••••••••••••••••••••••••• UO .• ,~ Ll L:.SI ·' . .l3 .1.:i :.'.!.~l .ll~.

1 

J.:::lt l.J5· -: . .JO:\ 0 ·'.lOI 70.36 
"iil33 _________________________________ 1 _______ 1··---·-:1: -------1-------- ·1-----·-· t---·---- ·1· ·--------!'-··----- -------- ----·-··· ·1---·--·-- -·--------1---··---·-
1111114. _ ·---------------·----------··--· ·------· -----· ·------- 6.113 7 O:I 12. 20 ··--····-- 7 00 -------·· 6. li.'5 -·----·-·· -----····· -------··· 
l.lllU •• ---------······-·-····--------- ····----- ----- -·--· 6. Iii! G. 80 9. U 8. llli II.SQ 6. 30 i.113 ····-·--·· -······-·- ---·····-· 

1 St.lllL!oll OD 1111St llhffll EacJe's Nest ~olz ill Ta08 Clllll!ty, Reaord.l PffVlous to 1934 l'rom New Mexico Stai. En&ineer . 
• r PanlaJJ:, llltlma~. • ll.eeotdJI fram Aprll l&r:14 to October 11135 from U. S. Weather Jl11tt11u. 

Tuu 121.-Ewpm-ation al Sama Fe, N. Mee. 
(Stll.Ddard WesU!m- B- du! A 4!ftl)Chtlon !*11, Unit, !ncbe,J 

April 

------------11---·1--- ----1----1,---1--- -------- --------------------
!913 •••• ------------·····---··---·---- ----·····- •••••••••• --······-· ··--······ &ll& 15.815 7.23 II. il7 4. M 6.15 3. 211 2.M •••••••••• 
1114. ··-···-······ ··········----·-···· L M #.to a. 8li A. & 6. 16 10.111 8. lloll 6.117 6. 28 6- '1 t. (3 -·····---· ••••••• -· 
~~ .............. ." --------------··· ------···· .......... --------·· -·-····-· -········· ----······ -----····· .................... ·--·------ .......... ---------- ····------
1117 •• ___________________________ ••• :. ll.l• ll.~ 6.111!1 7.2:i 1.M 11.av H.115 II.Oil, G.'111 5.lilt 3.36 2.39 7S.82 
llllll •• ----·····-··-··················· Ui!I 180 II.. Ill 1.13 &. 711 10. :N a. 29 8.17 6. ea 6- 30 1. 9':> 1.47 11.5. 21 
me .... -----··········-·--------··-·· 1.11111 LU 2.10 &60 a.211 o.u a.ai 1.a a.43 3.M 2.so 1.6, se.40 
lflllO •••••• -·-·-·······--···-··---····· J.811 :uo I.Ill A.1111 8.62 I.Of II.ell 7.aG 11.33 "-6' 2.0l 1.71 61.'l'l 111121. _______________ ••••••• _._________ 1.1111 2.12 "-113 &4' 8.1111 a.aa 1.13 11. IH 11. 91 ,.11111 a. 211 us M. 15.~ 
J.Q'.!2 ••• ----······----·-··············· 1. a :ue 11.. eo a. n 10.11 10. ..a 111. • a. e, 1. 12 Ii. 1s 1. !!O 1.l!!! ,a 1s 
Im ....•••...•....•••••••.••••••.••• _ Lil ,96 1.-W· 11.28 8.ll8 111.1111 8.75 11.'ll i.77 3.112 1.117 1.oe m.76 
1924.- •• ---·-·-········--·······--·--- .12 UN· ::ue &.IH a.as lLlllil a.s1 e.:is ·us 1.16 a.311 1.30 aw 
ll121i •••••••••• - •• ······-······---····· LM 2.a 6.08 &.:1:11 9.0J 10.211 11.113 7.t7 6.75 4.47· 2.03 .77 117.44 Hll!III_________________________________ .113 a.m I.Sf 4.78 I.SW 8.'18 9.18 11.44 15.71 4.1!13 2.113 LOCI nu 
ur.u- ••• ----·······-·-····-··-·····-· 1.12 :u.11 4.03 t.'l'O:· 11:N 1.11 1.11 a.co 5.46 .11..1111 2.117 1.08 aa.:20 
1tl:illl •• ···-····. ••••••••••••••••••••• •• L 415 L 11!1 4. 31 I. Ill 8.114 IL 21 10. 01 7 . .63 7. Sl 4. 1511 1. 69 1. M IS'. 811 
11128 •.••••• _______ , •••• - ••••••••••••• L:16 Lll8 .1.78 7.0II 9.67 11.M IS.Cl 15.M 11.112 4.51 l.811 1.41 e.5.21 
lDOO ••••••••• _________________________ 1.40 S. 7J a.ea 7.2111 ... 10. 74 & 19 7.ZI 11.M 4.28 l.118 1.:IO IK.00 

111131 •• ·········--·--···-·····---······ L 28 2. 4' I. ?a A. 80 IU3 JO. 'l'8 ll lllil 7, 43 4.153 4.151 2.17 1.112 82. T.I 
llar:12 ••••••• --•••···-~·-············-·· LIii ll.lfl'l 1.4' ?.OCI I.It 10.00 1.16 A.88 t.OII .2..W 12,09 lJ.13 a&71! 
191113 •••• ---····•·••-•••••••••••-···--· It.la 12..lt) 4.1111 IG,C'l 7,Gll ll:!\11 1.811 7.&& _!.!!:.--!:.!!.~-.!.!:.!!_~ 
17·:l'lllr----········-············· l.1511 ---riv lL 113 11.113 a..... 10 ~1 ~ -nr ~ ~ ~ ----r.]s ~ 
~Gf-lll11lmll •••••••• _ •• ___ ---:tl,i""--.:-if" G.Ul 1.a, a113 J,Ul ~~---r.W" 7.10 U8 2.15 ----ii.io.oo 

I kfmate 1118 paWlllbed DI Waw Bullititin No. I ol ~ B«md&ey COm.mi.s!on. 
~ Jllffloaa to 1.--y 11117 from fflllll1I cf NP' Ma!m State JC~. 
~ ~ ;r-, 1817 to Ot:iobar- 1113 rr. U. B. Wtllltblr ~ aaept -~ 

. U.!'f .31.J4- 1,1,.7.r IC'1,€.o 14-7.t'f /'?"3,~~ 

TX_MSJ_000177



146 Ri.o Ora'IUU Joim Jnr,estigatum 

TnLJ: 122.::.....&:,a;po,atiofl at Loa Griega& atatioo, near Alb~gue, N. Me::. 

[Bwldard Weather BW'1111&U el&u A IVllr,])Ontkm PIUI, Unit, blehesJ 

1ulY Beptem• October No?tm• Decem· 
ber ber IN!or 

llr.l!L ..••••••••.•.•••••••••••..••••••• --··--···· ••••....•• ••••..•••• •••••••••• ••••••••.. •••••••••• •••••••••• •••••••.•• 7.02 6.00 4.03 1.27 .••••••••• 
!Im.................................. 1.43 3.22 11.21 8.11 13.24. 10.20 11.:U 11.12 11.70 l..M 3.38 1.45 . 80.12 

1:· -... -----·-.... ---- --------- ---·· ..... 2. ll2 .•••• 2. ro •.• _. 11. n _ .••.• a. ffl. _ ••••• e. 10 __ ••• 1.2. 73 ••••• 11. 01 _ ••••• a.as. _____ r. 33 _ •••••••••••••••••••••••••• • 78 •• ····:::· 
lll3Cl.................................. l.76 4.28 8.29 7.87 11.47 9.153 Ul.M 11.33 8.00 5.53 2.91 1.44 77.116 
11131.................................. l.a:! l.73 8.90 7.Gl 10.14 11.78 11.31 1.29 G.119 ~-70 4.61 2.0ll 77.40 
Jll32.................................. l. 1111 2.48 6. «I •••••••••••••.•••••• •·•••••••• •••••••••• ·-········ •••••••••· •••••·••·· •.••••..•. ••••••••·· ···••···•• 

Heoorda Jll'evloul to December lffl fl'olil report or chief eutn..-t Middle Rio Ormdt Comervancy D!strl!!t, 11128 
Record, from Demmber 1m to December 111211 fr.m U. S."'Weatner Buteilll. 
RClCOt'ds trom 1e,;,11r1 um to March 11132 from reports or New Mexico St.&e Eng~. · 

TABLE 123.-Ewporaiio,i al Elephant Bulle Dam, N. Mez. 

[Standard Weather B- cla.s! A evaporation ])611. Unit, lnebfl.l 

May June ,July Novem
ter 

0-m· 
ber 

I 

------------1---,1--- ------ ----1·---1----1----1----1----1---·1----1----
1916 .••••••••.•••••••...•.••••.••••••••••••••••• ·········- •••••••••• ·••••••·•• 
1917.................................. 2.H 4.13 11.&4 12.93 

10. 711 JG.87 
13.SO 15. :ig 

J918.................................. 1.18 8.8' IL2J U-~ 15. 71 H.2S 
1919.................................. • l.40 14.13 7.30 9.19 12. ea 12. 118 
1920.................................. 1.112 3.111 8.37 10.47 
1921.................................. 3..56 4. 88 8.16 10.Gti 

14.18 12. 47 
14.31 13.07 

11122 ..•.•••••••..•...•••• ··--···---·· 3. ~ &. 64 IL 08 n.1; H.34 H.00 
Jll2:l.................................. 3.85 3.31 G.7ll Jl.10 JUD 17.00 
11124.................................. 2. 6.5 3.115 7. 84 IL 7ll 11.a1 14. 97 
l~-----·-······-······-············· 144 4.118 8.24 JJ.Oli 
1926.................................. 1.73 4.IIO 6.30 6.9Q 

11. 74 16. 38 
11.&l 13.111 

lffi ....•••••••..•.•••••• -----------·· 3.09 4.76 ?.115 10.2:l H.83 13. 42 
J828.. .••••••••••....•.•.•••••••..•... 2. 80 2. IIO 7. 71 11.10 
19:!9.................................. 3.46 4.111 "7.31 Jl,11 

11.81 14.48 
12.01 H.20 

111:Ml .• ··--·--···················-····· 2.1!2 f. 37 11. 23 8. 78 JI. 71 12.0l 
lll31.................................. l.'12 2.25 6.75 0.71 
1932.................................. 2.lM 4.118 IS.20 9.81 

10.34 11.MJ 
11. 20 u. 811 

]933.................................. 2.34 3.18 7.22 S. 29 
1u:u.................................. 3.lllll s.ll3 &..51 u.zr 
lffl •••..•........•......•. ····-····· 1.22 ~1==9.=20=11==1.2.=30= 

U.77 9.113 
14. 711 17.48 
l2..'!8 lft.80 

= 
tf.year mean.--···-·······---········ 2. GD 4. :Ill 7. IIJ 10.13 !2. 'ffl 11.110 

~ ~=====-=-r=-=:t=====-1• ~ 
!"miant or m8*11 llllllual. ••••••••••••• 2. 711 4. A 1. 118 10. 411 

1 Elltlmal.fJd il'Om rllC01'd fm- i:mtfa.l month. 
I J"rom U. S. l'hltffiQ. of Reclamation. 

13.15 U.40 

1LS3 111.&6 
13. 26 ll.111 
13.64 n.ao 
11.H 11.13 
13. 80 10.116 
10. 24 9.87 
13.85 12.19 
12.a3 11.10 
JO. 74 U.40 
U. IIO 1(1.80 
12. 02 11.0l 
12.1!!1 IL 118 
12.]0 11.02 
9.113 7.118 
11.1!8 9.10 

JO. 42 &.33 
9. 72 IL 1111 

13.10 11.17 
llS. IID 14.08 
18. QT 10.& 

12. 23 10.4a 
= 

12. 67 10.113 

11.11 7.:U 4.00 3.34 
11.00 IL91 5.12 ll.00 1oe. iss 

10. li G. 72 3.119 ll. 71 1116. 74 
UII 7.82 3.118 2. 73 H.811 
11.00 IL 61 3.M 3.47 101.16 
9. 74 11.41 6.34 3.Gll 100.1; 
11.97 f.03 3.80 2. 75 lOII.~ 
'1.83 7.44 2. 76 a. 83 99.& 

JO. 67 8.~ a.o. 2. 78 118.b2 
ii. 211 6.81 4.15 :u1 1111.00 
7.'Zi 15.93 4.1& 1.00 114.~ 
'I. 61 G. 61 ,. 74 2. 42 116. Ill 
8. 32 6.87 2. 75 2.18 87.IW 
7.~ 4. M 2. 51 2.3l 87.0l 
8.00 8.37 us ]. 78 84.51 
G.M uo 3. 48 U8 7J§.Ul, 

7.87 4. 72 3.IJ,4 2. ZI 82. oc 
11.811 IS.& 4.51 3.84 111.ffli 

11.llll 8.!.111 4.114 2. 70 ··a 02 
IL I» 8.50 4.84 2. «' 11(1 

== ~ --------

8. '13 7.13 -4.00 2. Tl, .ll/ 
= - ~ ~r 11.M 7.38 4.14 100. O(· 

Recotdl from U, s. W°8thl'!" Blll'1!&ll l!lllE'l)t 11.11 :noted. 
:'\OTE.-"E~aJ)()ntion from Jg>2& to July lll:l3 is~ ~ tiave ~ !llff"aencrd ll-; •!J.t !bade of t."'l!lo!! 1JJO"'llllf :ol'IU' ~hr, ~-. .. 001'3tion Pill. 3tatlon ..-a., rel01:Utl'i:l oc :uJ, •. :!l:J3 . . 

TAB.I.JC 124-.-.Evapm-aiion at J(Jffl(1,da IJ:&Pmfflffltal r1.mge, Nt:ID Me:tico 1 

[FloatlJ!c 11npanatjo11 pm ao illclleil IIQ1IC'8 Uld l.8 lllcllil deep. Unit, lnebeeJ 

Febru
U'Y 

Jilly 

------------1---1------------ ----------- ---- ------------
19211 ••••••••••• -····------············ .•••••••••.•••.••••• ········-· •••••••••• •••••••••• 14, 70 11.21'> 8.& '1.!IS &.88 2, Vi' 2.11.'1 ••••• ... _,... 
lll30.................................. 3.81 4.98 7.05 11.£5 11.22 13.22 U.ot 9.21 1il.J8 7.13 4.U I.113 .,. "' 
1931.................................. 2.04 2.11'1 7.81 8.111 UA4 12.711 11.03 11.M 9.62 7.a2 4..23 2.14 1111.112 
1m.................................. .....•...• -t.llll -········ · .......... .......... .......... .......... .•.•••...• ..••.•.... .....••.•. a.111 2.aa ...•...... 
11133.................................. 2.48 · &.117 8. 71 9.118 12:.3'5 11. 35 •.•••••.•••••••••••••..•.•••••••••••••...•.••••••• ·••••••••• .•.••••••. 
111134 ••••••.•••••••••••••.••••••••••••• •••••••••• ··-----··· ····---·-. ········-- -----··-·- ··------·· ····-·-··· --·-······ --··-·-··- ···--·--·- ·····-···· ······--·· ·-·-----·· J~. •••••••••••••••.•••••••••••••••.. J.16 a. 81 7. 117 11.0II 11. 47 13. 41 13.114 8. 'l'O 7.18 7. 00 a.116 L 119 Gf, 51, 

TABLE 125.-Eoa:_l'J'OrGtion Gt ogricwtural colkge, 'M-Gr Ltu 0-uus, N. Mez. 
lllwad.u,1 Wmher B1D'ffll alan A~ pea Unit. ~l 

------------1------------------------ . -------------
111!1. - ·-·······--·················--·· ••••••••.• -········· •••••••••••••••••••• ---······· •••••••••.•••••••••••••••••••• 
111111.................................. !.1111 4.111 7. 711 8.81 13.25 11. l!O U.119 11.'8 
uw.................................. 2.2:1 4.05 7.40 m . .o 11.eo u.a 12.90 9.1118 
18:111.................................. l.l!IO 4.,118 a.a JO.ZS 11-04 ll.U 10.k 9.1111 
J.a.................................. 8.Jll 6.IH t.~ 1.11.11 IJ.811 U.82 .U.24 11.02 
JR.................................. 1.17 2.911 I.II 11.ll& ll.lMI H.28 11.10 1.1116 
1"6. •• _.............................. 2. 94 U8 'I'. 08 L 16 lG. lCl 12. OIi L 1111 L 7' 
1as.................................. 2.73 U4 &08 8.*9 . 8.1111 l0.34 9..H I.Ill 
........ -............................ Ul 4.GS .Uli 7.:11 11-114 10.H 10.13 9.IIO 

I 17da7L 

16,81 
7.47 
8.1M 
'l'.M 
IL OIi 
7.0ll 
&.fl 
a. 81) 
7.:N 

CO- 003098 

llt. lf 
111. 7{ 
113.J~ 

,,o, 
7• 
lf 

.,&; 
16.M 

TX_MSJ_000178



TABLE 125.-&aparation al awiculiuTal c~ege, neGf' La, Oruu,, N. Mu.-Continued 

Year .la.DQ&l1' F~ lurch April May 1Wle lul7 Allaust ~ Oeto-
Iler 

1927 ···- ···················----······· a.22 4.4.2 1.Jl; 1U8 11.641 10.28 10. 211 7.88 G.84 6.IIO --. --- ................. ··--········ 3.03 ,.15 I!. Ill li.01!1 IU2 11. 78 10.82 7.80 11.ll'J 6.22 --. --··---·-- -·· ........ ···-·--···- 11.20 4.31 7.ll 8. 811 10.41 11.eo 9.12 7.75 7.05 6.01 
]931) •• ·-·. --··· ••• --------- ---·······- 2. 76 4. 74 11.43 IU4 10. INI JL8'1 9.IIO 9.05 7. 76 6.113 
1931. ·····--·········-··············-- 2. 89 2.119 7.15 7. 73 18.84 Jl.112 10.25 8.49 7,48 15.118 
11132- ... -----------·····- -·····-· ···-- 2.G'.1 4.00 7.83 11.21 13.36 14. 22 a.,o 12.28 II. 42 6.116 
lllil3. ·- -------···. -------------··· ---- 2. 75 4. IC 9.U l!l. 211 14.15 12. 28 13.64 11.08 ll.79 ll. :JO 
l.QM,,_ .................... ·······-·· •• 11.22 4.119 7, 78 1L12 12. 93 14.64 H.94 13.10 10.48 7.21 
1111S5 •• -··· ••••• ··-··· ••• ------ •• --···. a.~ 1.93 8.41 Jl. 81 lLl!CI 16.13 16.37 12.02 7. 43 7.18 = = = = 

7.971 6.98 17-l"W Dlellll---------···--·····----·· 2.1M 4.33 7.611 9.57 11.89 12.~ U .. 1!8 9.87 
= = = = = = = Ptm,Dt of Dlll&l:l 11DJ1ual ______________ 

.IL 27 .. '/V 8.17 10.611 .IJ.111 13.M 1.2.82 10-93 8.82 11.112 

Reoo,rds from U.S. Weatblll' Bureau. 

TABLE 126.-Rvn-off of Rio Grande at Thfrty-Mile Bridge, Colo. 

(Drl!up ffla 153 aquan mJla Ulllt, l,(i(IO acn,feet] 

Febru· .,,. April 

147 

Nonm· Deoam- .&111111&1 Iler ber 

---
•US :1.17 aa. 48 
2.117 :l.78 BU3 
2. 611 2.116 79.SS 
3. 74 2.17 8a. 76 
8.611 I.IK IIO. 72 
4.18 2.00 100,82 
4.14 1.84 101.12 
4.M 2.12 107.'IV 
4. 41 2.02 103. 22 

= = 3. 73 2. 02 11().$4 

= 
4.13 2. lilO 100.00 

------------1---- ------------------------------------
===:::::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ::::::::::1 fi~ ro:: ig ~:~ 3. 8 2.5 __________________ __ 
lllll ........................... ___ .... ---···-··- .......... ---------- (I) lm.8 78.11 4'. l 11.4 7.G (l) 
1912----------·····---·--·-···-·-----· ---------- ---------· .•••• ---·- (ll 47.0 79.7 14.6 U!.O 6.8 4.11 .6 ---····--· ......... . 
1.9lB ................ -·--········-·--·· ··-··--··· .......... 0.2 a,9 8L5 211l. l 12. 7 18.9 7. 7 ••••-• ..... - _ ··----···· -------- • 
19H ............... ----····•--··--··-- ---·--·-·· ---------· ------·--· .3 25.11 119.0 '7.7 21.2 8.0 6.8 4.1 
191L .................... --.......... O. 9 0.8 .9 .9 13.0 61.3 00.0 24, a II.I 13..2 2. 7 1.2 172.3 
191@._ ................................ 3.2 2.8 6.4 7.G 211.8 31.2 40.8 :H,.8 6.6 36.l 18.7 
m7.................................. 1.0 .3 .a .4 1u lllll.O m.o .:11.2 9.6 &.1 a.1 
nis. ................................. .11 . 4 .5 6. 7 31-7 aiiu 14.3 u.1 a.o 4.0 (l) 
1919 ••••••• -----------------···-··---- .2 .3 .3 2.U IS!l.4 MO 81.5 30,8 7.7 6.7 .II .2 152.6 
lll'JO •••••••••••••••••••••• ----····-··· .2 .2 .2 .a 30.$ N.1 61.8 1u.s 7.3 e.s 1.6 .& ao 
1112L ..• ---·-·--········---··----···· .s ., .s 7.9 22.t 102.0 46.G 26.3 ·u H.8 a.o •.s m.o 
ltz/ ...... -............... ---···----·· -·--··--·· --------·- --------·· ···-·-·--· l!IIO 1111.7 411.4 24.4 7.7 6.0 l,g 1,0 ......... . 
WJ3 ............. _.................... i.o ,.e 1.11 &.5 31.11 ae a5 2&.2 a.1 ---------- ·-········ ------··-· ···-------
111:11. ··-----------·--···. ----- --···-·· .......... ----·-··-- •••••••••• --·--·-··· ··-······· ••••••••·• •••••••••• ····-···-- ·-·---··-· .................... ·-·-···--- ---···-··· :11126------··-·------····--····--·---·· .......... --····-··· ----··-··· .......... (I) ~ II 38. ! lll, 0 13.1 
:urlll ••• -•• -·-·······--···--·····------ ·····-···· ·-········ -----·---- ----······ {1

) KG 1111.3 :II.II 7.3 

~:::::::::::::::::::::::::::::::::: • g • ~i .~:; iU -i.\J :u ~l tt: 1g 
··- ... ---·-·••··-····•------------ J 2.1 J 1.11 I 2.1 IU 18.0 52. fl ff, 5 :H. 7 11.l 
.•• _ ....................... -...... l.6 1,4 I. i 11,3 a&.6 411-2 19.6 111.0 t.8 

'···-···-------------·-···--------- 1.2 •.2 •.2 4.4 17,8 1!0.11 8.8 t.4 4.4 
Jll32 ...... ---·--···--···--···--······- r. 2 •.2 •. 2 11.8 la.II 49. 2 41.& 82.9 7.4 
:ma •• ·-··-----------------··-----·--- J. 2 •. 2 1. 2 1.1 22. 11 •4. a aru 11. s «. a 
1.113' •• _ ••••••• -·-··----······--··-···· •.2 •.2 •1.1 llU 31.ll 8.3 8.3 4.0 7.6 l.i35-···----------··------·--··----··- 1.1 J.1 1,4 lU 13,11 :IG.4 311. l . 29.0 6.6 

1Pwtl.illreootd. 
'~stlmatoo. 
: ?:u,,wly uti.waLOO. 

· Rei:lor&u publJJbed by lJ, 8. Oiiological 8arve7; lffl!HOWI l.o October UU3 from Wat« Supply Paper No. 3M. 
Jucordll trom October m.a to BePielllber 11134 f:rom ble!mlal nipom al l,be, Colen.do 8'6C. ~
Rlmrds from Octobllllr 11134 to December IIW are provillalllLI raoorda fllrDJa.luld bY U. S. Otokicical Bnrvey. 

TABLE 127.-RufH;ff of Rio GTfJf'UU at Wason, Colo. 

~ - 700 a(lUanl mllm. Um', 1.000 IMn-fllet] 

Yw .J11:1uary February Mll.rcb ,AJ;Jrll lrra7 111JM ,l'IJ.ly Atltll,St Se~am-

l8SO 1 ______________________ 
7.0 ,5.0 li.O 30.0 148.0 112.0 06.0 00.0 ]7.0 

1881 '· •••••••••• -----·--- ·- 9.0 7.0 H.0 47.ll 118.0 lM.O 74.0 112.0 :z:z.o 
1.8112 '·---·········--------- 9.0 7.0 10.0 KO 115.0 ao 30.0 23.0 12.0 11183 I _____________________ 

4.0 4,0 7,0 17.0 74.0 115.0 16.0 lll.O 13.0 

1.111)4 1 •• - ·····--···· -------- A.O 4.0 8.0 IIO.O ao 118.0 M.O llO. 0 111.0 .1 ...................... fl.O AO 14.0 117.0 85.0 88.0 ff.O ~o 111.0 
11111a '··---··-···--·-------- 9.0 8.0 17.0 aa.o llO.O 27.0 16.0 15.0 21.0 

11187 , __ --············--·- -- 7.0 6.0 i.a.o 16.0 Ut.O U3.0 48.0 lM.O JII.O -····--····----···------ 12.0 'll.O 15.0 M.O 118.0 176.0 71.0 ao 16.0 
- 1 ...................... 5.0 4.0 19.0 19.0 ao 116.0 Zl.O IIO. 0 111.0 
lllOO ! ............... _______ t.O 5.0 ?.O u.o 101.0 104.0 n.o H,0 12.0 
lllOl '· ...... -- •••• ·-·---- -· e.o 4..0 11.0 118.0 114.0 'l'll.0 2U lN.O lG.O 
lla02 • ..... --.-----·----···· 4.0 1.0 7.0 30.0 e.o 17.0 4.0 u.o 10.0 
UI03 ............... ···-···-· •a.o 1 7.0 •1.0 •XO I !O'J. O 1308,0 172.0 126.0 12'.l,0 lb .. ______________________ 

• 1.0 lll.O 13.0 121.0 148.0 I Zi.0 I 11.0 I 83.0 1211.0 
JSOO .••••• - ••.••.• -···-·--· 18.0 14.0 114.0 126.0 1130.0 I 248.0 I (7.0 I 211.0 117.0 
lSOI! I .••••••••••••••• _ ••••• 11.0 4.0 10.0 3111.0 133.0 1.1111.0 lla.O 17.0 IO.O 
I.II07 ........................ •11.0 •u.o 112.0 144.0 mo 1.1311.0 21.a.O 112. 7 37.4 lQ. ______________________ 

I 0.0 • 5.0 11.0 ll8. 7 73. 2 m.o M.& All 1.8.6 
IQ ____________ ···········- 111.0 I ~.U 1,8.0 IIO. l IM.O 2111.0 70..1 11:11.7 76.2 
!91~--------··-·-·--··-· ---· U.l 1!1.3 2{1, 7 llolU IQ.O 10'1, 0 !1111.8 19.ll H.2 

---·--···--·~···---....... 9.2 8.1 ll.& ae.o 110.0 mo U4.0 ,u '8.2 

Orl.obfr 

111.0 
M.O 
H.0 
u.o 
i.a.o 
17.0 
111.0 
l54il.O 
u.o 
19.0 
14.0 
u.o 
10.0 

'11.1.0 
• 68.o 
I 18.0 

86.0 
llO. 7 
I.I.II 
Ji5.7 
14.ll 
7'11.111 

.3 1.a 1.0 
:u.s 11.7 '1,7 
3.8 2.8 •2.1 

20.8 8.7 1.! 
a2 ~2 ,2 
A.l .9 1,2 
8.0 t,ll 1.2 
"L8 •La •.2 
2.8 1.3 •.1 
a1 ,4 ~• 

Novell.I- n-- Almaal Iler ber-

13.0 10.0 &12.0 
1•. 0 n.o MS.O 
ll.O 11.0 3211.0 
11.0 11.0 l!U.O 

10. 0 7.0 WO 
13.0 10.0 «14.0 
11.0 7.0 B.O 
:m. 0 14.0 615.0 
8.0 6,0 1110.0 

lA.O 7.0 mo 
9.0 11.0 812.0 

10.0 11.0 M.O 
!1.0 6.0 H8.0 

111.0 ae.o ffl.D 
•11.0 •11.0 HI.O 

iu.o I 7.0 -.o 
30.0 10.0 a. o 
H.0 17.0 MB 
9.7 ''-O me 

111.11 l ](.0 et-4.6 
11.l!I lil,4 "11, 0 
9U 1•.s GM.4 

CO- 003099 

ADDWll 
=~a 1:,::11 

mean 

Jl3. 
)21. 
78. 
113. 
a •• ac. 

114. 
w.. 
a 
119. 
1111. 
12. 

u.o. 
1111. 

m. 
Ja 
1D9. 
IIL 

e 
II 
0 
9 
4 
7 
( 

2 
2 
6 
3 • 8 

143. 

3 
t 
2 
8 
7 a 
0 
G 
7 

llli(/. 
146. 

TX_MSJ_000179



148 

Y-.r lllUIIW'J 

191!1 .•••••••• ·········-···· U.1 
1913 ••••.•••••••••••••.••••• •a.o 
1914 ••• ·----. -· •• -- ---·- •••• .,.o 
1911 ••••••••••.• ------··· ••• I. 7 
191G •••.•••..•••. , •• --······ 9,2 
1917 •••.••••. -- -----. ---- ... •u.o 
1918 .••••••..••••••••••••••• a.a 
llnll •• ____ .••• - ••••••• --···. 1.8 
1m .......... ------------·- 18.0 
11121 ••••••.....•.••• -----··· 8. 8 
1922. ••••••.••.••••••• --···· 19.0 
1!123 ........................ 7,1 
111:M ••••••••• --·······--···· 11. l 
11128 •••.••.••• ----- -..... - • - LO 
111:18.. .................... ··- 10.8 
1927 ........................ e..o 
lll2S ••••••.••..••••••••...•• 8.11 
1111211 ........................ u 
lll30 •••••. ···-·· .•.••• ···--- 15.1 
HISl ........................ 11. l 
11132.. ••••• ··-··. ····-. -····· 6.1 
11133 ••••••••• -· ............. 4.ll 
11131 ••••• -----· ..••••• -- ---· 5. 6 
li!Z ............. ----· ···-·· 4.3 

Mean. ••••..••••••••••.••.. 7.0 

J'eroen, Of IQl.DU&l.. •••••••• 1.56 

Yfll.i" l11!1.Dat'J' 

181.. ...................... 13.1 
Ulill •••••••••• -- -........... 16.11 
111&2 ........................ 16. g 
llllll3 ................ - - •••••. 9.8 
1884 ••••..••• --- ............ 10.B 
UIG5 ••••..•.•. -•• ----- ....•• 1.2.3 
·-~-·--·. ------·---- --Ar-h- :o. 9 
~-····' -- ____ , _ _. .. · ... :3.J' 
'.8118 ......... -- -----. -- ---- .21l.O 
1889 ........ -- .•• ···-- •••••. 11. l 
1!!00 ••••....•...•• ··-···· ... , 9.2 
lll!Ol ........................ 12.3 
lll02 .......... ,. •• ···- -· -.•. tl.8 
lll03 •••••••.••••.•• --- ..•••• 13.6 
lll04 ••••••••.. -••••• -· •.•... 111.6 
1005 ......... ----···--······ 115.0 
1906 .••••• -- . ··-- ........... 11. l 
lla07 .......... --- ... --· ...•. '20.0 
la ...... -- --- -- ........... I ll.0 
JG09 ........... -- .. -·- ...... 1 lll.O 
1910 ........... -- ..•.•.••••• 111. 7 
lllU ......... --- ---·· ·------- 1.5.2 
Ull2.. ....................... llD. g 
191J ________ ............... • 10.0 
lUl'-. ........ --- ..•. - -- -.•• • 1e.o 
ui.s ............ ····--·· .... 11.1 me.. ....................... 17.0 
1917 ...... ·---·· ..... ·---· .. 1111.0 
1918.. •••••••••.. ---- ··- -- -•• 11. 7 
!919 .................. ----·- 12.6 
l!llll ••••••••.• -· ----- ------- 14.8 
llil'll ••••••••• -- .••••.••• ··-- 11. 6 
Ul'.12.. .................. -----. 111.11 
ltil'lll ....................... 12. 8 
lnl... ....... _ .. ··-····----- 17.8 
Ul'.15 ••• _ .................. ll. ti ,a .... ····----· ....... ··-- 17.11 
111127 .................. ------ lU 
1llilll. ........... --.......... 18. l .. _____ ................ JI.I 
llllllO.....-----·----·------· 22.1 

Tuw; 127-Run-off of Rio Gr~ al Wa,on, Colo.--COntinued 
. -

P'elmlar7 March A!W!I May J1m11 July AUIQ!t s.r:i- Oel.ober Novem- Decem- AlmUAl be bet 

--------- ------
IU 10.1 lllU :w.o 1115. 0 M.I '2.1 18.6 17,8 11.l 111.0 ll'L8 •LO • e.o 111.6 'l'G.9 '1'2.6 ae.3 lk.7 lll.8 123,0 116.0 1 u.o IMll.7 •a.o ... 0 l!.O 105.0 182.0 1111.0 61.ll 117.ll 40.0 14. 1 11.3 611.6 
I. 7 7.0 111.9 IE. 8 H3.0 Ill.II 113.7 ft 7 21U U.li II.I 481. 7 IU 17.5 B.l 98.4 uo.o 815.7 GIU 23.1 74.f a.u 110.0 671. 7 18.0 *lG.O 17.0 fl2. 7 137.0 122.0 8.2.f :zu II. 9 U.2 6.7 1186. 8 
li.O 8.' 1~.8 70, 7 88.7 fl.O tl. l 28.4 13.9 9.0 111.0 DU II. I 6. 7 30.3 129. 0 105.0 13.0 02. 7 311.7 11.0 8.5 7.8 '83.l 

I I.I) 7.1 13. 7 lf7.0 221.0 U2.0 62.6 Zl.5 lll.9 13. l ll.8 113:Z.6 
7.9 12.f JIU ua.o m.o 121,0 n.e a.u 112.2 1&. 3 ll.2 730.8 

111.0 I U.0 121.0 149.0 1117. 0 80.8 au 25.a 14.8 8.3 8.8 .568.8 
fi.8 11.2 2:U 105.0 UIO.O au GL8 au 23. 7 18. 3 11.9 .508.0 
7.2 11.l 18.3 132.0 1.27. 0 SUI IG.3 H.6 LU 8.8 15.0 601.8 6.0 7.8 31. 8 SU lot.O 71.ll 1111.7 ao. 7 21,0 l2. 6 H.t ,:111.4 
8.11 8.3 uu 77.6 12ll. 0 76.6 116.2 21.2 10.11 U.6 7. 7 428. l a.a fl.2 ao.o 114. l 141.0 103.0 45.2 7:U tll.6 12. 6 9.5 8.7 
7.7 IU il.2 117.9 lot.O 87.11 au 17.5 14.6 10. 7 8.8 f23.2 u Ill 215.3 a:u lllO. 0 ;ru OU ao.o 38.l 12.G 11.8 a:15.2 u 8.0 3U 73.2 lll'l.O !ill.8 41.G 16. 8 18.6 8.f a. 0 :178.1 
4.0 6.8 16.9 47.3 76.0 211.8 16.G 18.3 lU.2 u 6. 8 2'7.6 
6.2 11.8 au 104.0 1211. 0 87.3 111.8 ~O l7.2 6. 7 4.9 60IH 4.2 I.O lU 68.G 118.4 M.8 28.7 I!. l it.II 7.11 6. 8 121.2 
4.2 8.0 ~-0 n.a 22. l 12. 7 13.5 13.6 9.3 IS. l 4. 7 lD6.6 
LI 7.1 21.4 U.6 ~-0 78.3 67,4 111.6 12. a a.o 1.0 117!!. a 
11.0 10.l 11.1 ,u 128.1 811.3 40. l 24.4 23.8 12.0 7,9 460.6 

1.33 U4 6.46 :n. 311 28.Q 1t.n 8. 91 1.42 1.28 :ua 1.76 UlO,O 

TABLE 128.-Run--off of Rio Graflde 'MOS' Del Norle, Colo. 

I~ - 1,33) ll<IIIMI miles. Unit, 1,000 11111'11-feetl 

Febn:ulr7 Much Al]l'lt Ma7 Jime JulT AU£11.<t ~m- Octoi- Nave.in· De<lem· A:i:mUAl ber bet 

--------------------------.-----------
11.l 27.4 154.3 a.o m.o 1113.2 87.a 22.8 IU 20,2 1.8.4 Ul.4 
13.g Z.7 83.11 mn 3'7.0 llK.O 40.8 31.4 &U :ru uu MIU 
14.4 19.4 62.8 180.0 l.JQ. O 4.S. ll 27.3 Ia.II Ia. u H.3 10.8 m., 
0. 7 15.4 at.7 !21.0 UM.O 24.3 IUll 16.1 l&.2 14.3 10. 8 8112.2 
9. 7 18.1 &U 117.0 83. 7 23. 4 ne :n. l 22. l 111.8 1&. 8 OU 

10.e ~.7 119.0 Hl.O 13'il.O l'loU ·~-2 26.7 25.8 :1u 18.4 M11.'I 
:5. 5 ll.i 11. 3 - :Sl. 0 ;1. l ~i. J ·s.5 11. ~ Z'T. 9 :s.: :J. 3 ,Jr,,) . , . :; .. ' >3." · 117. J . .ll2." ~. ~ !l. ~ ii . .;. . './0. ~ ' .:1!.<l - :4.1,) 1:13. ' 18.7 .:;, 7 ll(.0 !87,0 .llll.O 101.0 Jl.3 19.0 16.0 l3. l ll. l .W.9 
10.0 xs., 111.8 84. 7 04.U 43.2 1111. 7 :11'.I.O 211.2 25.8 12.6 -· 10.6 l!l.i :.N.ll 17.5.0 lllO.O 13.6 lt.O Ia.' 21,0 14.9 12. 3 IIOll.l ru :ia.11 42. 2 U&.O ne.o 811.6 lil8.5 :ZIU lC. l lG.8 10.ll 4117, 2 u 14.l au 71.U 18.11 ,., 11.1 12.3 14.9 12. 9 9.8 :ltll.3 ie,.o 110.0 "-~ 17'-0 a.o 1D'l.0 na IIO.G 21.5 117.0 I ]l,0 700. 4 
17.0 I J.2.0 as :n.2 U.8 :.io. 7 '2.4 41.2 811.l 121.0 I 13.0 40U 

I 12.0 121.0 41.2 mo mo 87. l M.t .112.4 :1111,. 17.6 12. 3 11.52.5 
10.0 Ul.8 IK.9 23111.0 :lllll,O 118.0 '7. 7 . 42.8 M.8 82. ~ 18.4 ll>fg.o 

I 17,0 12.5,0 • 116.0 I 161. 0 •an1.o I ffl.0 •u.a I tl.4 I 3(1.4 I 20. 8 11(,0 l, lllf. 4 
t 10.0 1 21.0 I 41l.O 104.0 17'-0 u.a 67.2 20.6 111.7 12.2 112.0 MIU 
I J:a.0 '18.0 '49:.0 11111.0 :mu 83.6 Al 118.8 40.6 :K.0 24..4 M.3 

18.3 Ill. 7 1.1.3 210.0 16'.0 1111.0 II0.3 lU 22.3 18, 1 13.4 IIM,g 
1aa :io. 7 17.0 20f.O :11!17.0 17'l.O flU 11.7 151.0 12. 3 ao 1,076.7 
16. 7 17. l M..4 2211.0 B.G 108.0 .0.9 au ~-7 l!l.ll 10.8 811. 7 • a.a I IJ,0 14,8.0 Jt4.0 1.28. 0 86- 7 U.2 38.:'il au :IU 111.11 6G4.G 

114.0 116.0 Jll? l'n.O n.1.0 121.0 Cll.7 411.11 114.2 16.5 10.11 7111.3 
12.4 16. 9 ru lOG.O mo 11&.D 412.1 1111.3 83.0 17.4 12. II MS.II 
llU ILl 18.6 m.o 1118. 0 124.0 1111.0 llll.J 100,0 47.8 I llQ, O 930.1 

1 lG.O I JI.O SU 114.0 W.O l&lO 66.2 111:U 211. 2 17.C 10.ll 11119.6 
10.s U!.i :IIB.7 1111.0 lG.O M.O CIU IK.2 2:1.4 l&.11 12.0 1123.4 
11. 7 111.0 6U mo 1112.0 1111.0 77.6 In. 7 3'. ll 18.3 16. l 772.7 
l&.8 16.6 1111.2 2.'J().0 w.o llill. 0 811.2 3111.:1 2U 21.4 1.5.11 1,001.0 
!lL 7 JU '3.0 1113.0 m.o w.o 1111.0 li0.11 G.11 2:U 11.8 1,098.6 
11.2 11. l IIU :m.o D.O m,.o 81.8 13.4 :IIO.O 11.0 13.11 1161. l 
10.6 18.0 ao 1118. 0 2H.O m.o 83.0 5iU .II0.11 33.11 22.:a 81S.3 
ll.6 17. 2 as., m.o mo 103.0 &11.2 lllO llU 11.4 12.4 770.0 
JU ll:U 61.3 141.0 lllO. 0 97.2 lilU 45.8 U.7 kl 2.5.1!1 702.11 ia.a lUI Kl ffll.O 1118. 0 103.0 71.9 11.0 lll. 2 111.3 l<l.l 1118.7 
11.7 U.i M.O 179.0 217.0 161.0 ID.a u.u 71.0 Z.l 18.8 Nl.4 
17.3 22.f 411.0 1811.0 UIII.O lt.18.0 4S.8 2111.0 22.1 17.9 lll.l 670.7 
U.ll 16.0 611.8 1111:0 IIO.O 1'7.0 lOf.O &2. 7 37. 7 z:u H.1 Rll'T.6 
U.ll 14.4 All :we.o lto.O 711.6 a.e ll3.8 Kli 12. 7 12. l 6111.11 
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-

Year Jutm7 

11131 ••.••••••.•••••.•••••••• 1.1 
IJB2. ••••••••••••••••••••••• tu 
1933 .•••..•••••••.•...•.•••• lo.:.? 
1934 ••••••..••••••••••..•... 11.:Z 
lll35 ........................ u 
)lean_ •••••••••••••••.•.•. U.I 

Petamt Of allnual .••.•••••• l. 111 

TABLE 128.-R-unoff of Rio Grande n.ear Del None, Colo.-Co1:1tinued 

Febmarr March April May .Jum July Aasust ~.In· October 

------------------
9.1 12.3 211.2 'l'U 119. 4 as.c lit 7 23.1 ao., 

n.a JI.II 1111.8 21',D 2:INI.O H6.D t(IG.0 ao.e :IIU 
IU H.4 :iu 81.2 lSI.O 71il.3 ••• :ll'. l 211.2 

ll. l 16. l 97.2 111:U 21.3 14.7 Ui.g 17.11 14.4 
9.l 111.3 87.1 SU BI.O 1211.0 r.u 27.11 111.6 

= 12.2 Ul.6 112.4 1113.2 197. 5 a:u 6l.ll lM.3 au = 
l. 73 2. 7tl 7.41 JI.OS 27.113 13.06 1.34. 4.&5 5.12 

TABLE 129.-Run-off of Rio Gromu mar Monte Vista, Colo. 

!Dralnaa:e -. 1,500 square mJles. Ullit, 1.1100 aere-reetJ 

No~-
ber 

---
12. 2 
10. ti 
U.7 
U.3 
1.2. 7 

li. & 
= 2.11 

149 

.Ann11A! 
O..:,,,m, 

.Annual mn-<>tr 
bu ~nt mean 

---------
10. 2 3Cl.3 JIU 
ti.II 8&.1 121!.2 

12. ti M,C.6 71,4 
8.3 320 .• 43.3 
8.3 1183. 6 N.7 

If. 5 707. l --~- .... ~~~~ 
1.05 100.0 -- .. -...... __ ~ ~ 

January Fel>ruafy M111ch April May lune JuJy A.1li11St Septeni· October Novem, Deeem- AD.llWl! 

I 
I . 

ber be.r her 

------------\·---1---·:---- ---- ------------ -------------------- ----
19'.II .................................. •••••••••• •••••••••• ······-··· •••••••••• 
lffi ............................................ ········-· ······-··· 18.2 
ll'J8.................................. .......... .......... .......... 16. 6 
········-·········-······-········· ........................... · •• 111 6 m!O.................................. .......... .......... .......... lll,C 
lll3l. ................................. •••·•••••· .......... {I) 1.9 
Ja2 .................................. •··••••••· ·••••••••• 1 II. 7 ·16.8 
l.m .................................. ·····•·••• .......... (1) 2. 8 
IIICW.................................. .......... '7.8 il.4 l&.4 
193ll.................................. 11.4 5.9 .5 4.G 

I J'lrtl8J record, 
, Pllrtlally utlmated. 

48.8 
48.3 
li8.3 
Ile. 0 
21U 
19.5 
M.4 
22.0 
SU 
27.0 

'17.' 
107. 0 

411.1 
74.C 
111., 
27.4 

100.0 
44.0 

7. 2 
IOU 

uu 
IIU.8 
12.4 
29. l 
14.4 
7. 7 ••• 13. 9 
4.4 

11.ll 

~ from May IQ:16 to September 11134 rrom bJennlal niports or the Colorado At.ate euctn-. 
Records ttom October 11™ lo Deoem)?er l!IM are provlsi1l11al retlO.l'ds lu.rn.labed by U S. GeoloeJcal SIIl"l't'Y, 

I, 6 
til. e 
:u 

80. I 
13.0 

2. 9 
14.11 
4.4 
&8 
11.8 

TABLE 130.-Run-off of Rio Grande at Alamosa, Colo. 

[Drwllq"e lffll, 1,712 square miles. U1:1Jt, 1,000 Mn,,feet] 

u 
98.2 
u 

64.3 
l.6 
4.2 
:u ,., 
3.2 
t.7 

2.8 
.117.3 
2.8 

Iii. D 
a.e 
3.8 
4.4 
IL 2 
.8 

4.11 

H.7 
lli.3 
u 

22.4 
II. 6 
15. 5 
12.0 
10.1 
2. 4 
11.7 

JO.II 
g, 2 2'.ll. 7 

-·----------~-~ _____ I'-: I""; "7~ 1 ·~:.1 ";. I : 1 I lw~J: ~I°': 1 ·::1 :: 1 ·~:, 

~ ~ , .. :: ..... ::::::::::::::::::.:::::: .Li it~ .i:o !:i -~:g ·'~o · · ~:t ~J J I iJ, ~J · -1g 1 ~:~ 
lailil•................................. l.O 6.0 10.0 20.0 32.0 42.0 1.0 1.0 1,0 l.O 1.0 6.D 120.0 
lliNI ........................ ,........ 1.0 2.0 15.0 17.0 l&O 6.0 1,0 1.0 .2 16.0 l.0 15.0 83.2 
ues• ................................. 10.0 9.0 18.0 MO :iK.O lil!.O 27.0 ao 12.0 u.o 16.0 13,0 2154.0 
U&lll ................................. H.0 12.0 ,t.o 25,0 ll.O 7.0 2.0 1.0 .2 2.0 4.0 8.0 U0.2 
DD7•................................. a.o 6.0 ll.O 3'1,0 101.0 lll6.0 :zs.o 2.0 ILO IM.O n.o li.O :mo.o 
1.IIIMP................................. n.o 11.D Je.o 33.0 Ul.O 70.0 m.o 8.0 3.0 .6 2.0 &.O 23U 
llllillil •••••••...•••.....•••••...••••••.. 110.0 is.o •1s.o 1u.o •a.o •2.0 12.0 11.0 12,0 12.0 t9.o tio.o !D.o 
1900•................................. 7.0 9.0 10.0 7.0 :lf..O '5.0 1.0 1.0 .S .2 1.0 10.D 115.6 
UIOI>................................. 10.0 11.D 12.0 G.O no 21.0 2.0 1.0 .8 .a J.0 6.0 100.0 
HO:!t ................................. 11.0 C.O 10.0 11.0 .li.O a.o 1.0 1.0 .2 ,l .4 1.0 311.7 
:1•11................................. .a 1.0 J.o 1.0 12.0 ao :rr.o 1.0 ao 1.0 4.0 4.0 &s.3 
lllOP................................. 1.0 4.o ao a.o 1.0 2.0 1.0 2.0 a.o n.o 10.0 11.0 H9.o 
HOH................................ H.0 12.0 aao 18.0 D.O 318.0 8.0 a.o 1.0 2.0 7.0 11.0 1134.0 
IIOP................................. 10.0 10.0 11.0 17.0 84.0 158.0 48.0 17.D U.O U.O 81.0 :ll:J,0 ~2.0 
llll071................................. 21.0 19.0 28.0 411.0 80.0 a.o MO 'l'll.O 61.0 :IIC.O 18.0 14.0 11111.0 
lilll................................. •a.o 10.0 •24.o 114.0 •&o 122.0 •a.o 123,0 110.0 n1.o ts.o tg.o 149.o 
lG•................................. 12.0 12.0 17.0 ,C.Q 111.0 100.0 111.0 l.li.O 107,0 38.0 23.0 17.0 il-40.0 
mo,................................. 10.0 no 48.0 47.o ao ie.o ao 1.0 .n a.o 1.0 11.0 2au 
llllP................................. 15.0 14.0 Ja.O 10.0 kO 143.0 160.0 21.0 27.0 118.0 13.0 lll.O 1137.0 
u12 •••••••.••••••..••••••..••••••.••. r21.o 118.0 121.0 1111.0 tJ33.0 IJIIS.O te.o 11.0 4.B 10.1; 1~.• •u.o 488.7 
:IIU.. •.•.•••••••. .................... HI. 0 I 8. 0 114. 0 J 22. D ll, 3 !Iii. 0 1.4 .4 1. 7 :it3. 8 19. 2 I 8, 0 :1411. 6 
1914................................. 110.0 112.0 tl8.0 •u.o 62.3 116.0 111.3 lllll.4 IIIU 31,11 ll!.S 11.2.11 878.7 
lllU.................................. 10.G J0.9 111.t; 1$.7 16.0 '7.2 lllO.O 13.7 12.7 12.4 16.0 H.l 243.ll 
191$.. ••••••• •.• • • • • . •• • •• .. .• •• ••• ••• 17. 5 JIU IIO. 8 li!.5 00. 8 40. Cl JO.? Ml. II 11, 6 74. 4 &I. 0 I :ID. 0 4!04, 4 
l.917 .................................. 118.0 IH.0 11&.0 l.&J 41.0 2.17.0 In.I 10.l 11.8 7.8 111.8 14.0 473.f 
1918.................................. 11.f 12.2 18.6 IU 8.8 11.8 t.U .8 16.8 4.3 12.7 14.ll 111.2 
ltl9.................................. U.7 111.8 111.11 6/U lZII.O llll.! 16.8 11.0 1.9 6.9 16.8 17,2 118.2 
mo .................................. 1&8 1e.o 111.9 .110.2 mi.o :M.O a.1 1.11 .li.9 14.4 210 11.2 aeo.t 
1112?.................................. 16.7 H.7 20.0 U.7 49 mo MU 811.7 211,2 l.8.7 30.1 l&.9 IS:llll.2 
lliZ!.................................. ,-u 17. 7 :111.3 lJ.1 99.6 U0.0 21.0 l.i I. I U 12. 7 15.11 355.0 
l!m .••.••.•••.•••••••••••••••• ---··· H.7 17.1 19.6 H.8 111.0 411.8 lll0.11 ft.II 17.9 17.ll 16.7 21.S AIU 
llaj.................................. 16.0 111.l 17.11 &.l 119.0 37.5 G.0 l.4 1,1 2.0 ICU 13.D D.11 
lim.. •.• ............................. 11. 2 U. 2 116. 3 10. 3 Cl. I &. 2 4. 0 f,. 8 14. 4 111.8 ZI. 3 3l ti I.a S 
11129.. ................................ 16. O 15. 11 21. 0 15. 5 18. l 0.1 6. 2 . ti , 8 l. 7 IL 6 U. 4 IR.4 
llm' .•••••••••..••.•••••••.•••••• 90 ... lll.8 16.11 17.f 13.6 8.3 61.4 87.9 li.O SIU IIIU 'Zl.7 :10.6 Wl.1 

• &umated by rerere-to~ llowol Rlo 0l'lol)de 11t Lobato,, from m.onthly relation CW"l'l!S. (SN !able 131.) 
• &me as rootoote 1, uoept Nttnooe la lo me&!lll'fld flow at Lobatos. 

11 
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150 Rio Gra:ruk Joint Investigation 

T AlilLE 130.-Run-off of Rio Grande at Alamosa, Colo.-Continued 

Y1111r January Fabruary March April May lune July AUf;WII Set:'•· Octc.ber Novem• D..cem- A· ber bu --------------------------------- -11122! •• -- ••• ----· ••• ____________ .. _ •••• 17. 8 )7.3 23.1 12. 7 ll8.9 23. 3 3. l 2.2 I. 3 1.4 JO. I 11. 7 l~~-9 1~----·················------····· ll. 6 JI. l uu lf. 8 18.2 35.8 3.11 60.1 59. 4 t-0. 6 29.2 19.8 310.9 1800 .•••••••.. ---···-- ··-------. ···--- 1:u J7.8 14. 6 7.6 6.2 8.3 7.G 8.6 1.0 1.4 7. 7 8.3 90.9 111111 •••. -------···· ----· ····--. • ••• -·· 7, 7 12. 5 lG. i 2. 4 1. 7 8.3 :u u 1.2 .II 3. 6 11.0 ~-6 11132 ••••• ··----· ••• ···--·------- ••..•• 10.6 1:u 18.3 a. a 24. S 1!3. 7 ,., l 2.5 1. 9 1.11 11. 5 15, 1 190.1 1933 .•••• ····-·--· ···---··--· ••••••••. 12.3 11-1 10. l .1 2.0 7.0 2. 7 2.3 1. 3 1.0 4.2 13. 4 66. 7 11134 •• - •• -·. ··-· ••• -----·· ·----·- _. -- . 10. 7 Jl. l '-6 l.2 2.2 3.0 1.8 1.7 l.O ,6 .9 8. 2 4U 11135 ••.. -- ..•• ···--- •••• ·- ••.. ····-··· 7.3 6. g .9 ,9 a. 2 60.0 6.5 l. 6 ]. 5 3.1 6.8 11.l -~ = = Mllllll ••• --- .. -------- ••••••...••••••. ll.4 11.G 17. 7 18. 6 .a.& 82. 4 27.ll: 11.3 12.8 19.~ l4. 3 12. 7 286. 7 = Percent of annual .• __________________ 
3.ll@ 4.05 8.17 e.•v 16. 22 28. 74 9, 73 8.94 4, 46 6.80 4.99 4. 43 100.0 

T.un,E 131.-Run-aff of Rio Grande mar Lobal.os, Colo. 

JDra.1111111 &rfll!I, 4,BOO square miles.I Unit, 1.000 acre-leetl 

Annual YIIIIZ Jai:nw..,- Fd:,nw-y Marcil April May Jime July August Septem- Octo- Novem• Decem- Annual nm-oil 
bet bar ber ber 1~1::1 

------------------------------------
1800 '· ••••..• ···--··· - · ... · 1ao 18. 0 27.0 78. 0 ll03. 0 171, 0 65.0 28. 0 16.0 19.0 24.0 27.0 681l. 0 125.2 llllll, _ •.•• ·····•••• ...... -- 24. 0 22. 0 88,0 119. 0 :u.e. 0 213.0 101.0 34. 0 13. 0 80.0 1111.0 22.0 918.0 Ul8.8 1292 '· ••.• ··--··· ••. - ..•••. 18.0 ::12.0 45. 0 na.o 200. 0 130.0 115.0 1. 0 1.0 I. 0 4.0 v.o 500. 0 101.8 18113 '· ••.•.. --····. -------- ._ a 8.0 19. 0 &l.O l:H.O 103.0 1.0 1. 0 4.0 1.0 12.0 19_0 827.0 111!.4 Ul94 .•••••••••••••••••••••• I il.0 I 2. 0 127. 0 145_0 I 83.0 115. 0 IJ.O 11. 0 I J.0 '2!. 0 t 2.0 , 10.0 216.0 219.l !&la '·. --- .. ······-- ----··· 16. 0 14. 0 31.0 92.0 108. 0 120. 0 53.0 42. 0 22.0 15. 0 24, 0 21.0 002.0 102.1 11196 • ...................... 21,0 19.0 41.0 65.0 811.0 1.0 4. 0 2. 0 l. 0 7.0 8.0 14.0 2fi. 0 4-U 1897 • .••.......••....•••••. U.0 8.0 21.0 82.0 224. 0 195.0 00.0 5.0 7.0 74.0 Ml.O 22 0 735. 0 ma 181118 ·- .............. -· ..... 17.0 12.0 28. 0 114. 0 112.0 H7.0 112.0 11.0 6.0 11.0 e.o 10. 0 SIS. 0 94. 2 lee& .••....••••.......••.... I IG. 0 • 13. 0 131. 0 137.0 '32.0 11.0 26 3.3 6.1 7.2 l5.4 15. 7 180. 3 32. 8 lllOO .................. ···•·· 12. 3 13. 9 18. 4 20.2 106.0 108.0 l. 2 . 7 l. 2 1. 7 3.3 16.Y 303. ~ M.2 lllOl. ..••. - .•.••••..•.•.•••• 15. 4 13_g Z!.3 18. 8 124. 0 00.0 5.0 3. 4 2.6 3. 0 2. l 9. 2 2113. 7 61..6 1ll02 ••••••••• --··· •••••••••• 11. l 8.9 18. 8 18.3 28. 5 G. 7 .1 .8 1.0 1. 3 l.l I. 7 mu 18.0 lllO:I .••..........•..••.••... l. 5 1.4 2.1 18.; 124.0 379.0 72.4 :u 5. 4 3. 9 a. 3 7.4 627.0 114.0 1901 .••••.••••••••.••••••... 7.4 u 8.8 II.I 1. 3 1.2 I. l 8.6 ll.7 117.8 17.9 18. 4 187. 6 14.1 1006 .•.••••.•.••••••••..•••• 21.5 l& O ~.2 .a.o ll.50. 0 4J-O. 0 16.7 10.0 u 6. 3 13. 6 16. 4 1186.~ l'/li ~ 111(16 •.•••••.• --- •••• --- • ··-· 115.6 15.0 20.11 45.3 20.5. 0 ~.O 00.4 30.9 25a 2 156. 8 45.t 80. 7 842. 2 lllO? •......••• ··--· .. - •• ·-· - 80. 7 21l.2 47.Q 117.0 201.0 Ul.O 334. 0 107. 0 '73. 2 35.4 28.1 22.0 l, 436. 5 1908 •••..•••••••.....•...... '9.0 '8.0 41, 7 87.4 47.0 Ga.' 111. 4 38. 4 18.2 11- 8 H.9 14.8 33S.O lllOU .••.•..•••••.••... ---·-· 18. 4 19. f 00. l 113.1 213.0 ~-0 37. 3 28. 7 HO.O 53. 4 33.9 27.1 933.4 11110 ••••...••......•..•••••• 24.0 111. 7 76. 2 121.0 207.0 00. J 2. 0 4. 8 u 7, 4 13. 6 17. 8 &46,0 h,..,.v 11111 ••••..•••...•• ---······· 22.8 21.1 23. l 27.4 129.0 243.0 222.0 3:l. 6 41.6 1113. 0 47. 6 ao. 7 l,036.11 1811.3 11112 •••••.. ·····--········-- 30.6 28. 0 36. 7 00.0 282. 0 IIOO. o 49. 5 17.3 11. 7 17, 4 21. 6 18, 4 849. 2 l&lt 1913 .••••.. ···-······ ------- 111. 0 112. 0 I 25, 0 67. l &O. 5 62. 7 4.V 2. 3 u 23. 6 24.0 llt.O 281.2 &1.1 1914 ••••.....••••••.•. ______ I IG.O ; 18.0 lll.6 31!.6 102. 0 155.0 48 .• 43. 7 48. 6 45.1 25. 5 1111.0 Mil. 4 107.4 11115 ••••• ·- •. ···---- .. ···--- 18. 0 16.0 24.li 49.0 102. 0 125.0 39. 7 26.1 16. 7 15.6 111.5 18. 9 471. 0 85.6 11116 ........................ 22. 6 26. 2 47.8 &U 164.0 IH.O 37. i 83. 8 2.U ?! ! ~5. 5 132. 0 764. 5 138. g 11117 --------- --····· .•...••. '27.0 I Z!.0 131.0 55. 8 U6.~ 2116. 0 . :~;: ~ :;:.1 ?. s :o: ~ ::l.! ;i.o -ss. 4 . l43. 3 '.1118 ................. . ---.. t •• ;- . ::0. s . ;J. J .::xL, :3 52 : .. ::2. c .B . ."· 19. 7 ~"' ,7. 7 '.919 ....... -···-- lli. ~ .3. i :4. d "' . ~-- :iL; .:0. 3 7, J 12. 2 .:5. 8 :.13.6 612. 2 111.3 .ll20 .......... ----: ...•••... ..:3.l .:1 .• 31. l J:l.O ~.O 408. 0 119.0 22. l 17.0 23. 2 37.i 33.3 l,CHO. 6 11!111.1 11121." ··--·----······-······ 30. 7 ~.7 .51.6 2-l 3 92.8 3811. 0 57. 4 63. 3 fl.3 27.8 31.4 28.8 862.9 1545. 8 11122 ...•.••.. ··-··· •• - ...... 29.6 28. 7 33.0 2.5.5 1117.0 2Mi.O 41.0 5.9 4.9 6.0 20. 2 24.l 873. 9 122.4 1923 ..•••••... ····-· •. --···. 23. I 23. 6 27, 7 23. 8 125.0 IISO. 0 28. 8 43.0 81.3 80. 6 MU 40.3 "6.5 126. 6 111:,U. ______ ----------· ....•• 24. 0 38. 5 43. 6 172. 0 3211.0 81.5 10.0 4.a 4.2 7.G 17.2 20.9 7S3.0 137.0 1925 •.......•..•.• -···-. ·--- 16.0 ~-0 38. 8 112.1 38.0 17. 7 8.5 18. 4 23. 4 33. 0 35. l 35. 2 mo a1 Ul26 ........................ 2U 30.0 118.8 43. 4 113. 0 107.0 H.7 11. 7 3. 7 5.0 Ute 23. 2 425. i 7U 11127 •••.....••••....••....•• 19.1 27.0 21ft. 7 ~.5 116.5 118.0 128.0 16. 8 109.0 BU U.8 27.0 723.8 131. 5 11128 .••.•. --- - • ···-·- · • ••. · · 24. 2 24. 5 31!.2 27. 7 114. I Ill. 0 2. 6 3.4 4.1 4.6 17.9 22. l 325. 4 611. l 19211 .••.......•••••...••..•. 111. 8 15. i 28.0 27.3 lllO.O 112. 2 10.3 711.2 80.9 65. 8 42.11 31. 7 Wl.8 1118. 7 11130 ........................ 18. 8 24.3 32. 6 «.. 38.0 33.0 11.ll 111. 3 &.5 9,0 15. 6 21. 2 270. 4 49.2 lll3l. .. __________________ , __ 

12. 0 17. J 82.2 14.0 li),9 3. 0 1. 3 2. 0 3. 2 5.9 6.9 17.0 125. 5 22.8 11132 ••.••.••••.... ·- •••• ·--- 16. 2 21. 7 32. 3 28.4 168.0 170.0 86. 7 11. 0 11.S 11. 0 llO. 8 21.0 596.4 108.' 1003 •••••.•• ·-· ··- ·- ··-- .••• 18. 5 13.9 28. 7 11.l 33.0 75.6 9.9 2. 8 5. 8 7.5 11. 7 21).5 237.0 43.1 11134 .••••.. --- ...... ---·-··· 20.0 22. 2 lll. 5 8.7 6. 7 l. 8 . 7 1. 2 1.9 3.0 4, 7 11. 4 98. 8 18.0 11135 .•.•••••.....•••••.••••• 12. ll 13. 0 ('.2 u 4S.5 1116. 0 48. 1 Q. 3 11.2 12. 3 16. 3 111.l aeo.1 65. t 

18. 51 au r 48. & 146, 0 20. 3 28. G 22.,, 211.3 650.2!~ Mean ...................... 17. 9 128. 9 47.t 19.9 == 
3.1191 S. llO 4.07 3.1111 

---Perce11t of a11nu1.L •••••••• a. :l.S a.ae a. 'l'O B.83 23. '3 211.M 8.112 3.62 100. 0 -- • ------· 

I ]l:Jr;clt!Jivt of c!oaed basin 111"1111. 
• ll:stlmated by relllre11ea co Rio On.ode at Embo.do from mou.tbly relation Ctl!'Vell. 
• E.stlmated by retertnoe to Rio 01'11.11de 111m Del Norte from mcmt.bly relation curvm. 
• Eatim&U based upon relation of mlsslng montlll to remainln1 montm or tbl! rw u ll!dicaled br IIIOlltbly means for all complete years, 1!,00 to 1~12, lncluslve. 
• Partllll ncord •mnded or atlmaw bued ill part on dlJcliarp -ts. 
All record.II preTIOIII t.o October 1913 m p:ubllahed In U. S. Geolocleal !lt1rV11y Water Bupplr PllJJI!? No. 1158 e:u,ept as noted. 
Reeorm from October 1911 to ~tember 1934 from blenullll mports of tbe ColOl'SdO B~ euglneer. 
:R.eo:ird.s from October 1934 to December 193.511n provlsioiw reeord.'5 turuilbed by U. S, !Jtojog!cal Surny. 
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Gtn.eral Rtporl 151 

T.un,E 132.-Run-off of Cka.r Cruk below Continental Re,moir, Colo. 
(Drainaso area, '3 llqO&re mllas. Ulllt, acre-r.t) --

Year April May lune July Aunual 

------------!·--- -------------------------- ---- ------------
1929 •• ·······-······ ••. ··--. ···-···· ••••••••••••••• ·-····· •••••••••• --·· ..•••• 
1930.................................. G33 1 ~ 1 615 3,270 
JIJ3J.................................. I 4112 I 444 I 015 J 1, Jll() 
IU:12.................................. I 492 1460 I 4117 11, lllO 

mt::::::::::::::::::::::::::::::::: : m : m : :: a. m 
1g:Jli.................................. 14117 1444 1,112 1.010 

4,630 6,460 
4,210 3.'40 
2,400 1,170 
&.130 

t:z I 6.110 
1,080 l,030 
3,170 1,IIIIIO 

I Estimated. 
• partJally sstlmat.ed. 

:a-da from May lffi to September 1934 rrom biennial reports or the Colorado State e~ineer. 
Baicwd> rro111 October 11134 to December 111~ are provJsiOJJal records fumsllled by U. B. Geological Survey. 

3,800 2,160 
:Z,630 1.,200 

1133 738 
3, ll50 l,300 
1,380 l, 110 

615 1476 
2,230 1,000 

1. 780 
1,080 

781 
676 

14112 
1402 
J G33 

l. lllO 
1714 
11125 
l 476 
1476 
1476 
15115 

BOIi 
, au 24. 1112 
1615 13,156 
14g2 24, 9';18 
I 4112 20, :.\46 
1492 l3,02Q 
I 615 17, Zil 

TABLE 133.-Run-off of South Fork Rio Grande at South Fork, Colo. 

[Drainage area 71~ squar. milts. Unit, 1,000 am·leet] 

Year April July 

------------1·--- ---- ---------------------------------------
11110 •• ••·•· ...... ·- ............ - ...... ·- ....•••• ·•••••···. ·····-··-· ••••••.... ••••••·· .. -···· ••••. ••·••• .•.. 
1911.................................. t2.7 11.8 14.0 15-.6 M.3 71.11 41.4 
19J2 ••••.....••••....•.•. :.. .• . . •. . . . . f 3. 6 I 2.11 q_ 2 S. 8 61. 0 6,1. 7 )11. 3 
!913................................. •2.0 12.1 12,6 117.2 36.11 33.0 7.l 
ll/14 •••.•••.•••••••••••..•••••.••.•••• --······-· •.•••••••• •••••••••• u.o ll7.5 411.3 17.4 
1915 ............ ···-·················· 2. 0 3. 3 5. 0 11. S 27. 11 M. l 18. 3 
JV18.................................. 3. l 3. l 7.11 18.9 M. l 73.2 27.1 
11117 ••••·••••·•·· ...••.••.•••••..••••••••••••••.. ••••••·•· •••••••.. 12. 6 31.i 100. 0 4e. 6 
1918 .•. -·····----· .•.•...••.•••. ·•··•· 1.11 1. 9 4. 3 8. 9 211.4 42. 7 12. 8 
11119. ··························-······ --········ ·---······ (') 18. 8 53.4 ~t8 17.1 
111'.lO.................................. ...•...... •••••..... ••••••.•.. 8.3 i3.2 lOJ.O 35-.3 
11121.................................. 2.6 2.6 7.3 9.2 3i.~ T.l.O 20.2 
11122 ••••.....••.••••••••...•...•••••••.•••••.••. •••••••·•· .......... 12.5 73.2 83.9 18.3 

' Parti!II noord. 
• Estlmaled. 

Records l)l"evlous to October 1913 8!I published In U. S. 0e(llOEical Sarvey Water Supply Paper No. 358. 
"'l!'ds tram Oct obtt 1913 to Septt'mb<!!- 11122 fron, b!om.n.lal n])Ol't.s ol the Colorado State e.11&in-. 

10 raeatabllsbed in 1936. See U. s. Oeol111tirel Survey recorw for 193ll. 

(') 
10. 4 
5.6 
3. 6 
7.V 
u 

12. 7 
9. 7 
e. 2 
7.8 
IU 

12. I 
7.3 

T A.13LE 134.-Run-off of Pin.os Creek, near Del Norte, Colo. 

!Dnmace an,a e2 square mllas. Unit, I,COO acre-feet) 

2., 
s. e 
3.2 
4. 6 
&9 
3.9 
&e 
11. l 
11.5 
3.ft 
3.6 
7.1 
2.5 

3.6 
(') 

•. 6 
5.5 

12. 4 
3. ~ 

18. 6 
3. 2 
2.8 
3.5 ~-· 3.0 

2 g 
8.~ 
5.2 
4. 2 
4.5 
2. 7 

(I) 
2.8 
3. 5 
4.1 
3. 5 
2.] 

•2. S 
• 6. -~ 
; 2. 8 181.11 

2. 3 121. 1 
2.1 
2.5 H3.8 

2. 0 .••••.•.•. 

3. 7 ......... . 
3. l .........• 

------------ --- -------·- --- , ' ~ ------· - ________ , __ _ 
,Ql~----·························-·--- ·-----···· ........•...•....•.. 
l.920 •••••••••••••••••••• ----·-········ ····-··-·· -········- (') 
11121 •••••...••••• _______ •. ·---········ ........... ·-········ (') 
11122 •••.•••• _ ••• ···-·-·-·· •.•..•.•••••• ·-· ...•..• ·······-· ••• __ --··· 
11123 •••••••••.•.•••••••••.••••. _ ••••••• -·· •••...•.• •••••• •.... ---··· 
1924 ••••••••••..•••••••••••.••...•••.• •••. ·····- •··•••·••• •••••·•••• 

l~t«!. 
I Partial reoord, 

Recads from blenn.lal reP«ts o! the Colorado State l!llg!neel-. 

I 3. 2 l 
1. 31 1.1 
I.& 
1.5 
4. 9 

!1.4 
14. 0 
8. 5 

13. S 
8.4 

12. D 

5. 6 
20. 2 
&l 

18. 7 
8.2 
1.7 

(.1 
u 
3,4 
2.0 
2.9 
}.8 

I. 7 
1. 6 
2., 
l. l 
2. 3 
.8 

TABLE 135.-Run-off of R0t;k Creek near Monu Vuta, Colo. 

[DralnJlie area 38 squan miles. Unit, 1,000 aa-e-feet] 

AJll'll JI.Ille Joly 

l.O 
.7 

1,8 
.ll 

l. 9 

o. 7 0. 7 .......... •••••····· 
• 7 ··-···-··· •••••••••• ···-··--·· 
.8 

l.ll l. 9 •••••••••• -········· 
,5 ······•••• •••·•··•·• ··•····••• •...••...• 

------------·1---- -------- ---- -------- ---- -------------------- ----
1919 •••••••••••••••••••••••••••••••••••••••••••• ········-· •••••••••• 2.! 
11120 •••••••.•••••••••••••••••••••••••• ·········- ····-···-- 0 4 .8 
ls:11 ••• ······---···- ·--· •••••• _ •••••••••••••••••••••• ··--- .•.•• ••••• • 5 
1112:l •••••••••••••••••••••••••••••••••••••••••••• ---······· --········ .6 
1112,'1 •••••••••••••••••••••••••••••••••• •••••••••• •••••·•••· •••••••••• (I) 
11124 .••••••••••••••••••••••••••••••••• ---······· •••••••••• ---··-···· • 2. 7 
lllil!L •••••••••••••••..•••••••••••••••••••••••••••••••••••••••••••••.•••••••••• 

1 P.UU-d. 
> Pa.rtlall111111timated, 

·U 
b.7 
1.8 
a.1 
2.8 
:u 
3.2 

u 
4. 7 
ll.O 
2.6 
2.0 
l. 8 
3.3 

2. 0 
l.8 
.8 

1.0 
u 
. 7 

l.O 

Records from A pr!! 19111 to Beptmnber 1824 rrom blem!W reports or the Colorado State en1fneer. 
Records from Ma,- lll3JI to Ocsober lllCSS an provislotull fflllll'ds lurnl$bed by Uie Coloro,do tlt.ll!P enghller, 

1.0 
1.0 
.8 
.8 
.9 
.3 
.8 

0 . .._ 0. t 0. 5 ····-····· ··-······· 
,4 .4 ···-······ ······-··· ••·•••·••· 
•• .2 ·······--- ········-· ••.••..•.. 
•• ,3 •••••••••• ·••••·•··· ·········-
. 9 .9 . 6 ·----····- ----······ 
.2 
·' .2 ·-········ ···----··· --····--·· 
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152 Rio Grandt. Joint lnoostigation 

TABLE 136.-Rv,i.-o.ff of Alamoaa Creek above Tm-au Re.serttoir, Colo. 

!Drab>ap - 1112 tQU811! mlles. Un.it, 1,000 ac..e-reetJ 

May I11ly 

1SOO •••...••••••••••••••••••••••••••.. ------·--· ······-··· ••••.••••• 'ti. 0 29.2 37.6 11.2 
l\110.................................. .......... .........• .•...•.•.. U,4 11.0 18.9 11.8 6.6 J. 7 
11111 •••••.••••••••••••••••••••••••••..••••..••...••••••••.••••....•. 7.2 28.6 40.7 21.4 7.4 7.2 
1012.................................. ..••.....• ao at 4.1 aa.e 33.~ 21.s 10.s a.2 
1916.................................. ...•...... ....•..... ...•••.... 6.1 17. 6 34. g H. 5 4. \l 2. 5 
1tl16.................................. ....••.... .....••... .......... 11.11 112. 5 M. 5 13.5 II. 5 3. 8 
um .................................. ··--·----- I.I 1.2 5.3 18.8 (') 28.5 7.3 2.V 

8.11 
(I) 

18. f 
(') 

1.11 
u 
1.3 

Novem
ber 

2. 9 11.0 ......... . 

(1) .............. :::::: 
. 8 ---------- ••··•••••· !IIUL................................ .......... .......... 2.1 3. 4 18. 8 :l4. 3 10. 2 4.1 

11119 ...................................................... ·--------· 11.3 3,t.l 22.9 12.4 ll.6 2.0 1.0 -----···-- ............. .-·:·:: 
1923.................................. .......... .......... .......... .......... .......... .......... .......... .......... .......... 13,5 H.5 '4.2 ......... . 
1924.................................. •3.6 12.7 •11.0 7.8 MV 24.8 6.f 2.7 1.4 ....................................... . 
1925.................................. .......... .......... (I) tl.9 27.9 19.9 11.f 6.4 3.5 3.1 (•) ................... . 
11126 ................ -................. .......... .......... .......... 4.a 2a.1 :r1.a s.9 4.2 1.a ....................................... . 
li/27.................................. ..••••.... ...•.•.•.• .......... 7.0 32.3 3!.0 U.5 ll.7 8.3 ....................................... . 
11134 .................................. ··--···-·· .................... -------·-- ····---·-- --·-······ ---··---·- ········-· ·····----· 1.0 • 7 ................... . lllM.................................. .......... .......... .......... 3.11 12.8 MO 20.3 7.0 2.4 1.6 11.3 ................... . 

• Partially estimated. 
t Pwtlal record. 
I Estimated. 

Year 

Tau: 137.-R11:n.-oif of Alamo,a Creek beww Terrace Re.smioir, Cow. 

(nr.Juace 8"1111 120 sqaare miles. Unit, 1.000 acn-leetl 

April lune 1uly 

-------------1---- -------- ----1----1----1---- -------- ----------------
1915.................................. .......... .......... ....••.... 2.3 15.0 311.3 11. 7 11. 7 a.o 2.3 .............................. · 
1111e .................................................................................................................................................................. .. 

mt:::::::::::::::::::::::::::::::::::::::::: ..... -~~~- g:~ u 1t: :.t ~-~ ni ------~~~- ··----~~~- ··----~-~- .... ~! .... :::::::::: 
11119 ............................................ ····-····- .......... (1) 21.8 :16.3 12.4 5.7 2.1 1.3 ···--·--·- .................. . 
1020 ...................................................... ------·-·· ••••·•••·· 27, l £1. 8 29.1 12. 0 4. 7 2. 5 .......... ···-······ ······-··· 
1921. ................ ········--·----·· ·······--- .•.•••.... ···---··-- ···---···· -·-···--·· --········ .............................. ······-·-· ··•••••·•• ................... . 
1922. ................. ................ .......... .......... .......... 6. 2 211.5 37.3 13.0 7.2 3. 3 I 1. 5 > 1.5 I I. 5 ........•• 
11/23.................................. 11,5 11.4 11.5 3.1 29.0 29.6 17.5 6.8 II.I •3.8 13.7 13.8 JII"'~ 
inc.................................. •a.s •3.6 ,a.s a.2 3.5.7 a:u uu •.s 1.• J.o 1.2 n.2 
l!IZ.................. ................ '1.3 IL 2 11, 3 ti.~ 23. 8 18.4 10.8 6. 7 3. 5 2. 9 2.1 
11126.................................. .......... .......... .......... 3.2 17.8 ZS.8 11.3 7.9 2.2 1.0 •.e 
]1127.................................. • 6 1.6 1.9 6.8 31.2 20.4 14.S IU 4.& 5.7 13.4 
1928 .................................. ·······-·· .......... ···---··-- 4.5 17.8 20.4 9.2 7.0 1.7 1.1 1.0 
1929.................................. •.4 •.4 .7 7.6 34.~ 30.2 15.0 10.6 7.1 4.8 13.3 
llllSO.................................. 12.8 1 1.8 IJ.7 II.I 17.5 lU.0 5.11 II.I 2.8 2.1 I l.2 
11131.................................. 11.2 •1.1 11.2 2.Q U.7 Ill.I 3.9 2.U 4.11 6.0 1,9 
J.m.................................. 1.9 1.11 •.ti 11.l 25.6 33.0 21.8 H.3 4.5 2.8 11.8 
111.13.................................. 1,11 1.8 •.11 1.9 14.6 211.0 11.3 11.6 1.9 •l.b •.ti 
11134 .................................. 1.6 1.7 1.11 12.5 11.4 2.7 1.5 1.8 1.3 1.l .6 
11135 .................................. •.5 •.5 11.l ~.5 12.3 ']8.3 'll.8 '.2.0 15 ~-.::. :.: 

· fn.niou record. 
• Partially estimated. 
• Estimated. 

Reoor<ts trom Apnl 11115 to September 11134 !rom blennlal l'lll)Om of the Colon.do Btate enlUJeer. 
Records !rom OclQber 11134 to n.ceinber 19135 an IJl"OVi.1onal ~ IW""Dlshed by U. S. OeDIQiiC&.l Bun>ey. 

T;.BLB 138.-Run-off of La Jara Cred near Capvlin, Colo. 

(Drainage area 73 square mll"5. Unit, l,C,00 acre-fct>t] 

1a1111&1"}" Fd,ruan Mareh April lune .Tolr 

•.e ..... 

'· 4 
I 2. 11 
11.2 

1.9 
I J. I 

•.e 
d· 

107. 4 
l'U 
49.7 

118. 7 
ms 
33. 2 
00.: 

-------------1----1----1----1·--- ---------------------------
JIIJII.................................. ........•. ....•.•..• .......... 3.7 7.0 3.5 3.11 1.3 0.6 0.7 ............................. . 
11117 ...................................................... ·········- &8 5.8 3.1 1.8 l.J 1.1 l.l 0.8 .................. .. 
11115 ........................ --------- ... ·------· ........... -·------- .................... ----·· .. · · ...................... ····-·-· ........ -- ........................ --··-· 
1919 .................................. --- ...... .......... .......... ll.l 6.7 11.0 3.& .8 .7 .7 .8 ··-·-····· ......... . 
11121 .................................. ········-- .......••• .......... 1.4 10 8 3.4 3.7 3.2 1.0 l O _g .......... -········· 
11121................................................................ 11.8 t.U J.3 l.l .8 .& .8 ............................. . 
llilZ! .................................. ········-· .......... ·----···-- (t) 11.8 2.4 11,8 1.4 .& 
lll!ZJ (I) 8.9 ].ft 4.1 :1.4 1.'; l.4 1.2 ................... . :~f:::::::::::::::::::::::::::::::: :::::::::::::::::::::::::.=ii ····-·a:ii" ·u u ·:: lb 1J :: <i :::::::::: :::::::::: 
111211.................................. .......... .......... .......... ..•••..•.. t.7 4.2 2.2 .e .4 .4 ............................. . 

~m:::::::::::::::::::::::::::::::::: :::::::::: :::::::::: ----<,r··· t: ~l t1 H d :: . :: ............. ·-----···· 
t:::::::::::::::::::~::::::::::::::: :::·:::::: :::::::::: :::::::::: ------~:~ ....... ~:~. -·----~:~. r ~ t ~ 1J ....... :~. :::::::::: :::::::::: :::::::::: 
Jll3l. ....................................................... -·····- .......... -·······-· .................... ·----····· •••••••••. ··-······· .......... ·········- •••••••••• 

i:······----··--·-·------··--··-···· .......... ·········· --··i1i"" 3
·: i'~ ·: 1·~ l~ ·: • ·: •.4 .••....... •••••• :·. 

~Lf ::::::::::::::::::::~::::::::::: ::::::::\::::::::: ----~'!.... f ~ 4:; 1:: :: :: :: :: ....... :~. ·-----~~- :::::::::: 
, Z1d111s. 
• Partial record. 
• Pu-tilllly ..Ulmat.d. 
•El'1ma...,, 
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T.un.:a: 139.-Run-off of Lo Jara Cred: near mou.tA., Col.o. 

{Unit, 1,000 aere-!eetl 

July Decem· 
lx>r 

153 

------------1·---1----1----1---- -------- ----------------------------
JIJl:IC •••••••••••••••• ----·---···••·•··· ·····--·-· •••••••••••••••••••• •••••••••• •••••·--·· •••••••••• ••·•···--- •••------- •••••••••• I 1, 3 I 1. g S 2. 3 
111126--·····-····-··-·················· tl.S 12.3 13.f 2.8 1.5 0.i 1.6 3.8 :u 1.7 2.9 '2.5 Z7.1 
JD5... .••. ...•••••••••••••••••••••••• 11,ll 11, ll If, 3 4. 6 4. 3 3. J }. 9 , 8 l. l . 7 1. 7 i 1. 6 'rf. 7 
1112'1---·-··-·····--·····-·····----···· 1 2.0 12.2 12.8 11.0 J.0 2.i 2.3 3.9 4.-1 ~-1 3.7 13.2 3l.3 
11128.................................. 12.3 12.4 13.7 2.0 1.8 1.2 .3 .3 .6 .3 1,1 I J.7 Ul. 7 
111211 .................................. 11,0 IJ.3 13.7 3.l 4.2 2.0 2.1 C.7 6.0 12.5 lf,2 IC,0 18.f 
1111KL.-.............................. 12.6 13,3 3.8 2.1!1 1.0 .3 .8 l.D .6 2.3 12.1 1:z:.1 23.3 

~~:::::::::::::::::::::::::::::::::: .... -8.~:~ ...... ·.::~ ...... ·-~:~- i; ii ~.2 ~.9 t2 ~-1 •••••• ~:~. :::::::::: :::::::::: :::::::::: 

I Plll't!ally f'!St!m&l.ed. 
•Estlmaled. 

TABLE 140.-Run-o.ff of Trinchera Creek obove Turners Ranch, near Fort Garland, Colo. 

[Dn1in• lln'9. t5 !IIJU&re miles. Unit, 1,000 a=-!e,,tJ 

1&nUl!rY 
Fcbru

llll1,' March May Juae July ~r,tom· October No'tem- Decem· 
tier ber ber Annual 

------------1·--- ---- -------- -------- ---- -------------- ---- ----
19%1 ...................... · ····----....................... ----······ o e 
llnf. ···-··-----·············--·-····· .......... ·--······· -----····· ••••••••·• 
1m ... ·--··---······-··--············ ----·-··-- ·····-····. ........ 1.e 
~~= ::::::::::::::::::::::::::::::::: :: ::: ::::: :::::::::: :::::::::: (''i. 0 
11128---··••••••··----------••••••••··· J 0.3 I 0.2 ; 0. 6 l, 3 
19211 ••••...•••••••••••••••••..•••••••• -···--·--- ·······-·· ···-···-·· .9 
JbJ _________ ··-·······-·--·······-··· ••········ ------···· ··•••··••· I. 7 
11131. ........................................... ·-········ •.• .8 
]1132 ••••• _________________________ •••• --··-····· -----·---- -----··--· J.11 
1'1.'13 ........................ -----····· .......... .......... (') 7 
11134--····--·················--·--·--- ······--·- -----····· .......... l. 4 
11135 ...••••••••.•••..... '. .••••. - .••••• •••••••••• ·····-···· , li • 8 

2. 7 
7.8 
2. 3 
IU 
3.8 
8. 6 
3.2 
3.2 
2.f 
6.1 
11.8 
2. 4 
2. 7 

3.6 
7.6 
1.6 
9.1 
3.f 
S.8 
3.0 
3.6 
3.2 

i 4.8 
7.6 
I.~ 
7. 7 

u 
2.6 
l.O 
2. 9 
l. 7 
1.9 
J. I 
1. 6 
l. 4 
2.3 
2 .• 
.Ii 

2.4 

1.4 
.s 
.8 

l. 3 
l.0 
1.2 
1.8 
2. 7 
• 7 

l 2 
l. 0 
• 7 

1.2 

l.3 
• 7 
.6 
,; 
.8 
.9 

1.0 
l. 2 
• 7 
8 

.6 
.5 
,8 

l.3 
I, 7 

.6 
1.0 
J. 0 
.9 
.9 
.8 

1.0 
• 7 
.e 
.5 

1,8 

1.1 •••. ···- ..... •••···· 
. ~ ·-------·· ----····--

'1. 0 ··---·---- ---·-----· ; • 6 I 0.4 ......... . 
.7 ---···--·· •••.••.••• 
.e ··-------- ---······· 

• . 1 .......... ----------
•. ? ···--····· ---·------(1) 

• 5 .......... ···-----·· 

Record, from April 1923 to September 11134 l'l'om blffl!llal report.a of the Colorado State enJtn~r. 
Remrds from October l!l:14 to December 11135 n,re provisional records furn I.shed by U. 8. Oeol(lflcal Survey. 

TABLE 141.-Run-o.ff of Trinchera Creek abm,e Mountain Home Re,m,oir mar FO'ft Garland, Colo. 

[Dra!na;:P area 61 sqllffl! miles. Unit, 1,000 aae-feet) 

Year January F~· March April May I Jone Joly j AU£USt ~m- Octoher N~~- n:;,m· Annual 

r:t::::::::::::::::::::::=:::::::: ::::::=::: ::::::::=: ::::;;:=:: -----.-rr q I !: , i:i I • i ·: 1 • , • i :::::: ::: :::::::::: 
i~::::::::::~::::~:~:::::::~~:::,~~:~.:::::~:::. ~~:::::::~ ~:::~~=:~~• j 1:~ •~c~ f:J j L6 ,i •~ I .J •:::::::~: .. : ~-:~:::::: 
Jffl ______ ............................ ·--······- ...••..... ··--······ j 5.li 5.3 1.3 .8 .5 .2 .2 ----·-····· --···-···-
11129 ............ --············-----·-· ·····----- ----·····- .......... .4 2.4 2.~ I.I 1.-1 I. I .9 • , .....•••.. ---------· 
1900 •.•.••. ____ ............ _ .••••..... -······-·· ·········- --·-······ .8 1.9 2.5 2.0 3.2 1.3 ,8 1.5 --------·· ......... . 
1113.1. ••.•.• -....... -----·-----········ ••..•••••..• ····--- ----······ 1.6 IJ.7 2.5 l.l .8 .R .8 •.5 ........ -- ·----····· 
111132 •.• ___ •••• _ ••••••.•••••••. - ......................... _, '0.6 J.7 6,3 3.8 1.5 .II ,6 .6 (I) ................... _ 
11133 •••••••••••••••••••.•••••••.•• ____ -······--- ·----····· ••••....•. . 7 3.3 7.6 2. 0 .8 • 6 ,ff • 4 --········ ---·--·-·· 
11134.................................. .......... .......... .......... .s 1. 7 1.a .e .5 .s .5 --------·· ................... . 
1935--············------·---·-····'. ... ------···· ······---· ----······ .4 I.~ 5.6 2.0 1.2 . 7 .9 ····---··· --··--·-·· ......... . 

Records from Ma:v llr.!3 to ~temher 1933 from biennial l'8l)Ol'tS of the Colm-a.do State englll-. 
Reoords from October 111133 to September 1934 from report! of U. 8. Oeol~eal Sarvey. 
Becords from October l!IM, to October IW 1111! pro'l'islon&l records flll'1wll'ied by U. S. Oeoqfoal Sarvey. 

TABLE 142.-Run-o.ff of Trinch.era Creek below Smith Reservoir near Bl.anca, Colo. 

!Dfflillall"e area 3Qe S'!Wlrt mlles. Uatt, J ,000 acre-feet) 

June July A11p5t S.Vtem• October Novem- Dl!<'1!m- AIIDual 
b;,,r b@!' 1)..-

------------1---- ---- -------- ---------------- --------------------
1928 ••••••••••• ------·······-········· -········· ··-·····-- ··-··----- ------···- ····-----· •••••••••. --····---- •••••••••..••••••••• 
111211 •• _ ••••••••••••••••••••••••.••. ___ ••.••• ----·--·······-·····--·· 0.9 1.11 0.7 0.11 0.4 0.1 
Jll30 __ . _______ ·····································-····--·-········ 1,9 .2 .7 .II .3 ,1 
11131. ••••••••••.•••••••••••••••••••••• 10.l •O.I 10.J l.7 8.2 I.I) .8 .2 ,1 
1832 •••••••••• ---····-·--····-········-··················· 1.6 6.7 7.3 .7 l.l .7 .4 
1833 •••. ---------------···--··-······· ---- ••... ·····-·-·· ··-······· 1.l 4.0 l.9 .& .5 .1 
JD34 ••••••••••.••••••••••••••••••••••• •.l .2 1.11 2.6 ,I .3 .2 .J .I 
11135. -• ·-·······················-··-·- • 0 • 0 • 0 , 2 • S l. ll • 3 • 7 • I 

0. 1 
.l 
. l 
. 1 
.1 
.1 
.I 

0.1 --········ ···-----·· 

, l I 0.1 .••.••.••• 
I .1 ··-····••• -·•••••••• 

. l .•••••••.• --········ 
l,l 1,J ····--···· 
.I .I 5.6 

. l ••••••..•• ······--·· •••••••••• 
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154 Rio Grande Joint lnvestigatio11 

TABLE 143.-Run-off of Sangre de Cristo Creek mar Fort Garland, Colo. ___ 

Febru
an 

(Inalnqe - 170 JQlllfe mile.!. UDlt, 1,000 ac:re·fMl] 

-------------1----1----1---- -------- -------------------- ---- ---- -
1915 •• ---·-----··-----················· ······--·· ------···- (1) 12.~ 5.6 a 1.6 (l) O.& (•) (') 
1223 •.. ---·······-------·--·-·······--- ·--·------ ···---···· ···------- -----····· 3.5 1.8 0.8 .9 0.9 l.( 1.2 ·········- •.•• :::::: tm .. _ ...... _ ......................... ·····-···· -········· ···-----·- •S.9 U!.1 5.6 l.4 ,5 .2 .9 .II ······---- •.••..•• .". 
1112,; ___ .•..•••••• -----···------····-··· ...••.•... •••.....•. .......... 2.0 1. 7 .a .3 .3 .1 .2 .a ·····--··· ····--···· 
19:li'i ..•••.•..•• -·-····················· ·--······· ··-----·-- .. ......•• 4.8 I.a. 8 5. 2 l. 7 , 4 , 3 , 1 -------··· -·-······· ··-·····-· 
1927 .••...•••••••••••••••.•..••.••..••• ·---······ ...••••••• --········ 3.2 3. 3 1.2 . 8 ,5 ,4 , 6 
11128 .....• ·····················-······ ···-······ •.....•.•. ---······· 2.0 11.5 4.1 1.0 .6 ,] .4 .5 ----·····- •.. :::.::: 
11129 •..•. ·-----···················"'"" ---------- .......... •••.•••••. 2.3 4..9 l.fi .5 .7 .5 .•••.••••. ·········- ·····-·-·· ·····-··-· 
11!30 ..• ---···· -..•••. ·- - ·- ----- ..•. -- .....• -- ·- .. -·- -••••• - ••••••• ·-· ····--···· --····-- •• ·-- ••••••••••••.••.. -------·-- -· -·---- -- •• ····-- -....... -·· - ..•. -- .. -.... --... .. 
19:ll_ .................................. ········-· ···-······ ····------ .....••... ···------- ·----····· ••••..•••. ·····-···- ··-------- .5 •.4 ................... . 
11132 ................................ --. ....•••... •••.•..... .......... 8 .. \ 9.4 2.6 .9 .5 .I .6 •.4 ................... . 

~=::::::::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::::::: ju t: 4:? l:i :g :~ .s '.4 .......... --·····---
lll35................................... .......... .......... ......•••. .II ,_g 2.8 ,6 .7 .2 .9 ..•.......... : ...............• 

, Partial ncord. 
•21.lda~ 
1 June 11 missing. 
• Part.tally estimated. 

Records rrom Mareh 1916 to Sept.ember 1933 l'tom biennial reports or the Colorado State enfi_nee:r. 
Records from October 1933 to Sept.ember 1934 l'tom reports of {T. S. Geological Survey. 
Bea:>rds fn>m Octnber 11134 to Oc&ober 193~ w-e pro'l'islona! records famished by U.S. Oeolorkal Snrny. 

T,u,u 144.-Run-off of Uu Creek near Fort Garland, Colo. 

(Dn!nage - 32 SQ!lU'e m!le;i:. Unit, J.000 am-I~!] 

Year January Febru· 
lll'Y 

March April May Junr Jul)' AUl!USt Septem- October l'\n,·em- I De""m· 
her ber her Annual 

-------------,---- -------- -------- ---- ---- -------- ----------------
!1107 .................................. --····---- ··••·••••• •••••••••· ···------· .•••••••.. ···-······ Jgl)8 _________________ .. _______________ 0.4 0.6 0. 7 l.l l.8 2.3 
lllOO.................................. .3 .3 .6 1.0 3.3 4 .• 
191~------------······················ ----·----- ····-····· (>) (') (1) J 3,0 
1923 •••....•• -------····---··········· ······---- ···--·---- ·-········ --········ 2.3 3.4 
1924 ............................ ______ ·····--··- ····--···· .......... 13.3 8.6 5.2 
192.~---····················----·-····· ---·-··-·· ········-· .......... l.2 J,4 1.0 
1926 ................... -----------···· ----······ ···- ...... -········· 2.0 4. i 4. 9 
11!x •..••..• _ ................................... ··--······ •...•••••. 1.:; a. 1 2.9 
1928 .•••••••• ---·······---············ ······---· ···------- ······--·· 1.0 4.2 3.5 
19211 •••••••••••••••••••••••••• ________ --·------- •••••••••• -··-----·- l.3 4.0 4.0 
llil:lO ••••••••••••••••••.••••••••••..•..•••••..••••..•.••••.••••.••• -- 2.2 2.1 2.6 
111:11 ••••••••••••••••• ------··········- ·-····-··· ··-······· .......... 1.4 4.1 4.6 
1182_ •••••••••••••••••••••....••.•••.. ·········- ·------- -- •. i 4.0 8. 3 4. 8 
11133.................................. ....••.... .......... (1) .8 2. I 4.1 
1113-1 .................................. ·-··---··· ••••..••.. -------··· 2.n 2.4 . 7 
1935 •.......••••• _____________________ -·······-· ···-· ··-.. .. ....•••. .6 l.8 ~- 7 

, Partial f'l'OOrd. 
• Partially e,;timated 

~rb,·::-

2.4 
2.1 
2.0 

'l. 7 
l. 8 
2.2 
u 
1. 7 
2.S 
J.7 
a.o 
2.4 
J. 7 
4.0 
1. 4 
.5 

2.11 

Records from July 1907 t.o September 11133 from biennial reports ol the Colorado !!'tat.e engineer. 
Records Imm October 1933 to September 11l34 lrom reports or U. B. Gflological Snrvey. 
Records lrom October 11131 to October 1~ an provisional record.'! iun:ii'llled by U. s. Oeolos:!cal sur,·ey. 

I.I u 
u . 7 
1.5 2.5 

'l.2 (') 
2.1 l.6 
,8 .6 

1.2 • 7 
.6 .4 

2.3 1.5 
1. 7· .6 
3.5 2.6 
2.0 .4 
.6 1.5 

1. II .8 
1. 7 1.2 
.5 . 7 

1.8 .II 

TABLE 145.-Run-off of Conejos Riv1JT near Mogote, Colo. 

[Drn.!nare area, :l82 sqm.re miles. Unit, l,000 acff-l~tJ 

I Year Ja.i:mary Febru- March April May June J'uly Auamt Se~m- October ary 

---------------------------
11111() '·····--·····-----····· 2.4 2.1 11.2 23.0 110.0 113. 0 ~-0 11.0 5.0 G.O 
18H , .•••••..•••••••••••••. 3.0 2. 6 8.1 35. 0 84.0 101.0 llQ. 0 l.2.0 ?.& 13. 0 
1.1!92 '-··--··-······-······· 3.0 2.; ,.s 26.0 86.0 55.0 18.0 9.0 2.8 2.7 
1893 ' .••••••••• -••••••.•••• l. 7 I. 8 4.J 13.0 50.0 45. 0 7.0 7.0 3.0 2. 8 
ll!IH '··········-----······· 1- 9 l. 8 4.G 23.0 61.0 29.0 G. 5 8.0 4.2 (.! 
1895 1 .....••••••..........• 2. 2 2. 0 8.1 50.0 ao Ml.O 23.0 13.0 6.0 ~-9 
18116 , ...................... 3.0 2. 9 11.8 I!& 0 ea.o 25.0 7.0 8.0 7.0 6.0 
JS!li '-········ ----·. --- -··· 2. s :u 8. 2 27.0 90.0 83.0 25.0 9.0 9.0 25.0 

Jffl '·········--·-····-···· 3.6 3. 2 8.3 47.0 70.0 100. 0 38.0 JO. 0 4.0 2.8 
18W '-·-··················· 2. 0 l. II 4.6 lG.O au 30.0 15. 0 11.0 4. 8 6.0 
IIIOO r. ____ •••••. _ ••• - ••.••• ·1.1 2. 0 4.1 10.0 73.0 117. 0 n.o 6.0 2. 7 4.4 
1901 '·····---·····-········ 2. 2 1.8 3.8 18. 0 811.0 IMI.O 12.0 Q.O 8. 0 2.8 
lllll2 '·····················- I. 8 1.6 3.9 111.0 30. 0 18.0 2. 0 4.0 2.0 2.11 
1903 •••••••••••••••••••••••• I, 5 ti.5 • a 7 I 18. 0 711.4 138.0 3.9. 7 10.8 9.3 8.5 
ll!Of .•••• ··- •••• ·- ·- •••• ·--· I .9 SJ. 8 I f.O lG, 8 81.3 19.0 4. 7 19.4 13.11 31. 7 
IOOil .•••••••• ----··· ••••.••• I 2. 9 • 2.• 16.2 17. 7 !IU 132.0 32.5 l3. 1 5. 2 4.4 
lal6..--··--······--······· 12. 0 11.9 I •• 7 123.0 8:2.4 1121. 0 1 44, 0 114_0 I 11. 0 114.0 lll07 ______________________ 

•<L l I 3. 0 • 10.0 :Ill.II .52. l lOII. 0 IICJ.5 28.3 12. 9 8.6 

1,2 
,1 
_g 

(1) 
2.1 
• 6 
.6 
.3 

1.0 
.5 

1.6 
.7 

l. l 
.7 -~ .. 
.II 

Kovem-
ber 

---
(.3 
4.6 
3. 4 
3.4 
3. 8 ••• 4.0 
7.0 
i.2 
5.0 
:u 
3.8 
3.2 

'3.0 
I J. 7 
u 

I 6, 0 
4.11 

1.0 0. 7 ........ .. 
.7 . .4 12.9 
.!! ····-·-··· ......... . 

l. 5 ---······· ·······--
.5 •••··•••·· .•.•••..•. 
• 7 •••••••••• ····--·-·· 

I .3 ....•.•... -·-··-···· 
• 7' .,., __ _ ..,.., .. .,.a ~++~---

• B ••••••••••••• 

1.0 ·······-·· -
t .5 ········-- .. 
I .8 ---•••••·• •• ., 

. 5 •••••••••• ····-····· 

Annual 
Dec-em- Annual run-off In 

ber percent 
ofmeao 

--- ------
3.5 301.5 118.0 
3. 7 311.6 121.9 
2. 0 193.4 75.G 
2. 0 14-0. 8 55. I 
2.6 150.11 611.0 
3.6 233.2 91.3 
2.6 171.3 87.0 
4. 8 2W.6 113. 7 
2. 0 m.1 11.S.S 
2.3 133.11 62.3 
2. 2 188. G 73.0 
2.0 177. 4 IIIIU 
l. 8 86. 9 u.o 

11.5 313. 7 1:12. 7 
J 2. 7 1411. 9 !8.6 
1 2. 3 317. 7 1:14.3 
1 3.15 m.e 130.5 

4.6 355.8 139. 2 

CO- 003106 

TX_MSJ_000186



General &port 

TABLE 145.-Run-off of Conejoa Rir;er near Mogou, Colo.-Continued 

Febra-Year January March April Mar JIUIS July Aucus& a.cm· October &ry 

------------------
1908 •..••••••••••••••••••••• 12. 2 • 2.1 17.0 13.0 34. 7 89.11 
1900 •••••••••••••••••••••••. 12.4 I 2. 5 16, 0 'lU.O 76.0 119.0 
11110 ..... -·· ••••••••••••.••• u u )0.( 29. V 7&0 43. g 
11111. ••.••••••••• ·-. ·-· ••••• 1.4 2.5 s. 0 21.6 815.5 123.0 
1912 •.••••••••••• --· •••••••• t. 7 11 s.e 13. 2 114.0 103.0 
1913 ...... -- -- -········· •••• 16 2.4 3.4 IU Ml.O 48. 7 
lllH ..•. ---- •••.• --··-- .•••• 12. g • 2. 7 17,0 17. 7 611.6 80.3 
11115 ...... - -..• ····- •......• 13 2. 8 11.7 ll!l.4 45.4 112.8 
11116 ...• --·· •••••••••.• ··- •• 2. 4 3.0 6. 2 21. 7 90. 4 1211.0 
1917 ...•.••••••••••••••••.•• '3. 7 •3.4 I 8.0 Ill. 4 41U 138.0 
1918 ........................ 1.4 u 4.ll 12.11 118.' 111.3 
1919 .... --····-. ··- - .•.••••• 12, 7 I 2, 8 • 5.2 211. 5 84. 2 eu 
1920. ___ ------. - ••. - .••• -- •• I 3. 3 I 3.1 5. 1 1>.f 115.0 188. 0 
l~I •••••• ---··· •••••.•• -- •• 2.1/ a. 2 7.1 10.i 63.3 10#1.0 
19!l:I------···········-·---·- 13, 5 I 3. 5 I 5. 5 11.4 104.0 121!.0 
1923-- -- - • ----·· •• -- ••• - • ·-- 11.0 2. 2 4,g 22.0 121.0 m.o 11124 ........... _____________ t.4 3. 7 4.11 au 108.0 81.6 
11125 •••. --· -• -·-·-· •• ·--. -·. 3.0 a. 0 1H 211. 2 71.9 64. 7 llr.il5 .•••••••• _. _____________ 11.8 3.1 ,. 4 111.U 76.9 112.8 
21127 ••.• ---······-· -···-···· 2. 7 l. 9 3.9 24. 2 95. g 1111.4 
11128. .. - ------ •• -- - -- ------ - 3.4 2.4 4.0 13. 7 67.IJ 61.G 
1029 ...•.•.••••••••• ···- •••• 2.8 2. 7 s.s Zl.3 101.0 117.0 
1930 .•.• -- . - -- - --· -- ------ •• 2.2 2. 8 11.f 113.ll ~-0 113. 7 
u1,a1. ___ ---··· •••••••• ----·- 1.8 I. 8 3.1 U.7 38.1 40.8 
111S2 •••••••••••• -- ---- •• -- • - 3.2 3.1 u 30.1 100. 0 118-0 
11133. --- • -···· ·- ·- - -- - - ----. 2.8 2. 2 4.4 iU '4. 4 113.~ 
11134 ..•• ----··· •• - -·-- -• ---- 2.2 2. 5 s.' 30.~ 36. l 7.0 
l~-----·········--·-····· l.9 2. 4 u 15. l 45. 3 1~.o 

MetUJ ..••••••••••.• ·- -- --·- 2. 7 2.5 5.2 21. 7 71.l 84.3 

Penien i or anr,ual. ••••••••• l.00 .98 2. 03 IU9 71.112 ausj 

1 EstlmalA!d by reference to Rio Onwde near Del Norte from monthly relation curves. 
t Estimated by rererence to RJo Grande near Lobatos from IIIO.Iltbly relatlou curves. 
• Partial re,:ord extended bf mem:11.'!e to Rio Orude near Del Norte or Lobatos. 

z. e 17. 7 7.0 6.3 
33. 7 JU.3 71_ 7 9.3 
10.11 10. 5 11.8 3.9 
70. l 21'.l.6 17. 1 146.0 
38. 6 9. 6 3.8 ~-D 
12. l 4.1 3. 11 7.4 
28. l 18. 9 17. 0 13. l 
43.0" 12. ll 6. 0 &O 
50. 2 2C. 0 10.8 20.4 
76. 2 15.4 5.4 3.1 
30.l 9.11 7.1 4.1 u .• l0.8 6.11 f. 4 
67. 0 :kl. 7 ft. 4 S. l 
3L3 19. 3 ft.6 3.11 
32. 5 11. 3 3.5 2.9 
C. 2 2:u llU 17.5 
27.2 e.e 3.2 3. g 
:IO. 7 H.11 8.5 11. 2 
::?7.1 9. 2 2. 7 3. 8 
43. ~ lll.!l :.s.s H.6 
!S.6 11.6 4,g 3.5 
l!0.6 112.8 27. l 10. 1 
:20.5 M.O 3.4 3. 8 

11.!l 9.2 12. 7 13, 2 
M.6 18.6 11.5 4.5 
27. 2 11.3 8.3 7.1 
4. 3 4. 0 •U 3.3 

615.8 17. 9 S.B 5.8 

30. 7 13. 2 8. t 8. 5 

12. 01 S..16 3. 211 3.33 

1 Estimate based upon r-eletiDll or l!ll!lllli :mooths to rl!llllLinln£ moDths of tbt. J'll8l' 115 indicated by means for all oomplet.e yeen. 
All n!OOrds J)fevlous to October ma u Jlllbllshed !n U. S. Cnological Sarvey Water Supply Paper 110. 358 ucept as Doted. 
Records from October 1913 to September 1934 from blennlal reports or the Colorado State enKJ11l!81', 
RIICOl"ds from October 1934 to December 1935 a.re provl.'llonal reoord.s fW'Illllb:ed by U, S. Oeologlcal Sul"l'ey. 

TilLE 146.-Run--off of CooejoB River near La. Sa.uaea, Colo. 

IDralnaire &rl!li, 887 aqaare m.lles, Unit, 1,000 acre-feet! 

Novem• Deoem-
be: ber 

------
4.1> • :u 
6.0 4. 1> 
a.a 3. 7 

I 6.0 IS. 0 
3. l 12.0 
3.2 14. 8 
4.4 J 2. 5 
3.6 2.5 
7.5 '4.0 
2.11 1. g 
3.4 '2.6 
3.8 3.9 
3.11 3.2 
3. l 2.5 
3. 7 3.4 
6.2 6. 3 
3.5 3.2 e. s 3.9 
3.0 3.0 
IU 4.4 a.o 3. 0 
4.5 2.5 
l. 8 2.2 
4. 3 4.3 u 2.6 
3.9 2. 5 
2. 8 u 
:u 2.4 

= t. 2 3. J 

l. 64 1.21 

Annual 

---
193. 5 
l:Z:Z.8 
201. 11 
405. 7 
307. 6 
157.5 
2!3. 2 
238. 4 
388.6 
3~.5 
226.0 
2411. f 
430. 2 
:IOO. I 
311.2 
IIIH. 4 
231. l 
233. 2 
24S. 7 
3'4. 3 
191. 6 
339.9 
205. 1 
150.6 
857. 2 
217. 2 
104. 2 
200. l 

255.6 

100.0 

155 

Annual 
nm-off i 
p,,rcent 
of mean 

75. 
l..2fi. 
?lj, 

ISi!. 

n 

a 
3 
(J 
7 

~3 
61.6 
911. l 
113. 3 

1ft. 2 
125. 4 

Ills.ff 
116. 4 

l&l.3 
IOl. 8 
121. 8 
lM.3 
111. 2 
91. 2 
117.3 

134. 7 
75. 0 

133. 0 
80. 2 
~-11 

139. 7 
85.0 
40. S 

lli. 0 

--- ........... __ 

~- d --- ........ 

Year Januery Fehrusry March April May S4o1>1ern- Oclohcr Novem. Di!t'4!m- Annual 
her ber !K'r 

-----------··- --- ---- ---- -------- ---------------- -------- ---- ----
1,11, ... _ ............. ·-·-······· .~.o 4.8 
19121., ..... ___ .. ....... ;.o 6. 3 :m::: ::: ... . ...... ,, !:~ ~. ~ 

~ .. ~ 
.g151 _____ ._"""'"'" .................. 3.3 ,;_5 
l!ll6 '---· ... ··--·-· ----· ...... ---·--- 3. ~ 11.0 
J1)l7 l _____ •••••••• ---·-------·····-·- .'I. 6 7.0 
l91S '---------------------·--········· 2.4 3.4 
J91Q •........ 4.0 6. 7 
lll.!O '···· ··----------·· ••••. ---------- 4.8 6.3 
1921. ..... -----------·-······--·------ 't.3 111.5 
11122 .. ·---···-···--------------···-·-- I 5. 2 I 7.3 
lQ23 __ ··-·········--------·· -······--· 3. 7 4. 4 
11124 _________ ·············-·-····· •••• 6. 5 7.6 
1925 ••• _ ... -- . -- ••• ·-·--· --- -· - ------- 3. S M 
111211 .......... ---··········-·--------- 4. 7 !,O 
11127 •. -- •••• ·- -- _ -- -- --· -- ·-. _. ....... 3. 6 3.S 
1921L .•••••.. ___ •.•.•• --.............. S.O 11.4 11129 _________________________ ...... -· 3.3 4. t 
1930 •. -· -- _ -- --· _ ••• ·--····- .. - ·-·--·- 8. S •• 7 
1931 ••.••....••••.•.• _.. 3.5 S.3 
1932 ••• ·-· •. -- ---- •••••••• --· -------- - 3. 6 &. 7 
11133 •••••• --------··-······----·--··-· 3.9 4.2 
1934 .• -- •••• ·- ·-. _ -- -- ---- ••• ·- ------- •• 6 4. 3 
11135 • --·· ---- -· •• -------··· •••.••• --· 3. 0 2.' = !==""I 

4.2 M"8Il •••.•••••••.•••• _______ •.. -. •... ll a 
= P-nt of annual .••••.•••.• __________ 2.22 2.80 

7.41 
9.0 
'). 0 

,2. J 
,.o 
8.0 
?.O 
7.0 
7. 0 
7.0 

'12. 0 
S.f 
3. i 
8. 2 
6. 7 
6.8 
3. i 
6. 0 
6.1 
6.0 
G.8 
8. 6 
4.8 
3.. 
u 

==-==-
6. a 

= 3.32 

8. 0 71.0 
2.0 1:15.0 
:.! :5. 0 
J.,) :s. ~ 
J.. H.u· 
5. 5 80.0 
4.0 110 
2.0 l!S.O 

Jll. 0 72. 0 
1. a 126.0 
3.5 40. 9 
6.4 110. 0 
7. 7 ?Oll.0 

70. z 1112.0 
lU 27.2 
19.~ M.2 
11.f 84.8 
6.0 52. 3 
11.8 94-7 

1113.3 28. 5 ,.o 3. 6 
11.8 lZ!. 0 
1.2 M.8 
l. 2 .II 
.II 42.8 

= 11.G 63. 5 

6.07 faui 

100.0 56. u IU A.O 1111,(1 

ro.o IO.O l. 5 -~ ).! 
,0.0 3 i. 0 ,g_o l !.,) '1.,l 
j5. a :4. 0 .;., 0 l.3 .i.lJ 

)0'.1.0 24. 0 ll. 0 3. 5 20. 0 
I!3. 0 M.O t.S 1. 2 .9 
IIO.O 16 1. 6 l. 7 1.3 
20.0 4. (J 2.0 l. 3 1. f 

200.0 51.0 11.0 u 1. 7 
72. 0 3. 7 11.S 4.2 3.1 
118.R 7. 7 .u 1.6 1.9 

101.(J 8.11 11. 7 14. 0 JG. I 
3:5.5 l. 6 1.0 L2 2.9 
IU .7 6. 3 3.4 7.3 

SL 3 a. 7 1.2 !. • u 
74. 4 !.11.0 2.11 2S. 3 U.6 
:11,6 .2 • 3 .7 Ll 
~7 1.4 18. 8 l8. 2 ~u 
27. J :LIi ,. 2 1.1 2.0 •• .l .3 l.4 2. 7 

lOJ. 0 38.11 .7 2.0 3.G 
15&.8 u .6 1.e u 

• l . l 0 .5 1.1 
110.0 a, 1. 7 2.3 3.3 -R 03.1 lt-0 t-2 4.. e. 6 

33.30 7.311 2.22 2. 32 3. 48 

' Estlmai.d by referm~ to n111>11ff ol Conejos River at Moptc a.nd Su Antcmlo lUrer al mootb, rrom IIIIIDiblr relation curves. 
1 Psr1lal reoord atA!rldecl. 
Rffllrds from Ma.rcb um to Beptcibef llila:l from blezmlal n!J)Orta of tile Colorado Si.t.e IIDKineer. 
Records irom October una t.l Beptrmber 11134 from npm11 of O. B. OeolO!rloal Stu'Ve]'. 
ReoordR fmn October I93t to December 11W JU"I! prov!slonal ,_.d.l furlllsbed by U. 8. GemOf;lcaJ &Iner. 

6. 2 5.11 
5. b 3. l 
- ' ,. ~ 
;- j· 
.;.a :i.5 
7. 0 4.0 
2. 5 3.l 
3. 7 3. 8 
4. 2 4. 1 
4.3 •. l 
3.6 3. 7 
2. l 3. (I 
11.5 6. 0 
3. 6 3.g 
8. 6 4.8 
2. 0 3.1 
6.4 5. 0 
2. 6 a.~ 
6. 2 t.9 
3. 3 3.1! 
2. 7 3.4 
f.3 3. 8 
1.0 4.0 
I.P 2. g 
3. 7 '- 0 

t. ~ 4.0 

2.Z: 2.10 

CO- 003107 

3311. I 
241.3 
llU 

:J7. ·, 
JOO. 5 
28Z.O 
226 7 
118. l 
144. 7 
417.1 
lllt.O 
2.'i0.6 
295. 7 
30U 
Pl.3 

185.0 
251.6 
100.6 
212.1 
119.~ 
34.2 

808. 0 
110.9 
20.8 

203. 0 
===-=== 

18'1. 5 

100. 0 

TX_MSJ_000187
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TABLE 147.-Ruff,o(Jff of San Amonio Rir,er at Ortiz, Cow. 

[~ IU'l!a. no sqw,N mlles. Unit, 1,000 ...,,..,.,..,11 

M117 1uly 

-------------1---- -------- ---------------- ---- ---- ----1·---+----1 
JVI! ••••••.••••• ---·······------···-·· ··--·-···· 0 0.2 4..S A.O 1.5 0.5 0.6 O 3 0.3 •...•.•••••• ----··-- .-•••.•.•• 
1916 ••••..•. ----··········-··-··-····· .. ••••··•· ···-·-···. ···--·---· ·------- . ······-··· ....••.•.••. -·-····· --········ ·····--··· ···---···· . ·---· ·-· ---····· ·- ·••···•··· 
1917 •• ______ ••••. ············-·· •••• ·----····· --·-······ ····-····· -········· •••••••••• ··-······- -------··· -----·-·-- ---·····- -.·--·-·-· ••••••••·· ·-··-·-··· ---···-··· 

!:LL:::::::::::::::::::::::::::::::::::::::::: :::::::::: ···--Tr -11U ~-n ti 1J •: : ~ : : ::~::·:::: :::::::::: :.:::::::: 
1'21. ••••. -·---······················· •·••••··•· ..•. -·-··· ····-····· .....••••. ········-- ··•••••·•• ·---······ ······-··· ----- ··-·· ··•·•··••· ·-·------- --········ -··--····· 
11122 •••••••••••••. __ ·-· ••••••••••• ---- •.• -······ ••··•·· ••••••••••.•••••••.•••••. --··· ••••••...•••••. -· ______ •...••••...••••••. ·- ••••••....••••••••.... __ • _ -·· •.••••..••• 
11123 ...••.•.•••••••••.••• _____ ······-- ··-··-·-·· .......... •••••••••· ·--····--· ·····----- ·····-···· •.•••••••. ·····-··· --········ •·•••••••· .......... •••••••·•• •··••••••• 
Jli)2,I ________ •••••••••••••••••••••••••••••••.•• • ·--······- •••••••••· •••••••••• •••••••·•• ••• •••••• ••••••••· • ·-·-···· •••••••••. , l 0.2 ··--··---- •...•.•.• 
1'12-5 ...••.•. •-··•···········-········· ·-······-- -·······-- (t) A.O !.I .8 .2 .3 .! . l .l ..••••••.. ·····-···· 
Jffl •••••••••.•.• _ ...•........•.••. - .. ····-·····. --·--···- ..•.•••••• 8.2 l4.4 .II .2 .: .l .1 .2 __ ........ ······-·--
151127 .••••• _ ••••.• _ .•.•••• -•••••.•..••• ···--·····. --·-·--· ···-······ 7.7 H~ J.7 .8 .? . , -~ 
IVJS •••••••..•••• - •• ················-·· ···-··-··· ·---··-··· (') 4.2 8.Z .e .3 .4 .2 . I •.2 ··--······ -·-·····-· 
lffi._ ................... ,---········- ··-······- -········· •.•••.•••• 10.0 12.5 .~ .6 . 7 • I . 4 --········ .......... --········ 
1930 ................................. _. ······-··- ·----····· ·······-·· (I) 6.6 .0 .7 .5 .I .2 __ ........ ···-······ ••...•••.. 
1931. ••.••••..• - •• -••.•••.•.. _ •.••••• _ ··-······· ·········- ·-·····--· ·-·•··-··- 11.0 , I O • l 0 
1932 •••• - ..................................... -........... ·-·····-·· r1) 11!.8 I.II .4 .3 .1 
11133 ............................................ ····-····- ·········- 13,6 il.ll 2.7 .5 .I .I 
11134-·-···-····················---·········-·-·····--·····--··-·-··- 2.0 .3 0 0 .I .I 
19'1-5 ....................... _ •... ------ •····••••· ···-··· •. ·---····-- 4.8 13.3 2.0 .3 ,3 .2 

I l'!!<'Jmated. 
I Plir!IIIJ rerord. 
• :Par.lall:r estimated. 
Records from Februory Jill~ to ~tA!mber 11133 ll'om himnlal nports or the CoJQnldo Stat~ l!'lli;rlnecr. 
RfflJl"ds rmm October um to 84!ptmiber lmt !tom reparta or u. s. Of'Ol~cal Snrwy. 
Record! from Ociober llil:W 10 Nov111nber 193.~ an r,rovwoual rec«ds fulim.bed bJ U. B. Oeoloelatl Surr•y. 

TABLE US.-Run-off of San Antonio Rir,er a.t mouth, near .MaTUJ.81a, Colo. 

!Dnll:l.au:e IIN!ll 348 IQIW"t miles. U111!, 1,000 ICl"e-leet) 

• 3 (') ·········· .... . ... 
• 2 I. I ••••....•••••.....•. 
• I ·······--· •••••••••••••••••••• 
,2 • I •••••••••••••••••••• 

______ v_~------~'-~_u_~~~F_e_b_ru_~ __ M_~-h-~~~~~~~~~~ 
lint 1 •••••• -·-····----···-····-······· 0.8 0.7 2.0 8.0 40.0 27.0 11.0 1.0 1.7 11.0 U 1.5 l"" • 
11112• •••••••••••••.. ---·--·····--····· a.e 1.6 :I.~ 11.0 IW.O Zl.O 2.5 .2 0 .3 LI 0 
19].31 •••••••••••••••••••• -···--·····-· .3 .8 .8 2.0 16.0 4.0 .3 0 0 .8 .5 1.4 
101,, •••..•...•••• --···········---···· .5 1.0 4.0 4.5 18.0 13.0 1.0 .7 1.7 2.2 .II .2 
lliJl51_................................ ,l 1.1 J.O 11.0 11.0 17.0 3.0 .3 .I .3 .6 .2 
JUl6l •....•... --····-················· .2 1.4 2.l 7.0 ... 0 2V.O S.O l.6 .5 4.0 U l.O 97.7 
111171................................. 1.0 2.0 2.0 li.5 10.0 32.0 13.0 .4 .I O .2 0 1!6.2 
111181 .. ·-·········---·········-······· o o 1,9 a.o 1s.o 111.0 1.0 .2 .2 .2 .s .a •1.a 
11119' .••••••.••.•.....••.•. -.......... .4 1.3 2.1 14.0 89.0 7-0 l,l .2 ,I .3 .7 .9 117.l 
llllllCP................................. .7 I.II 2.0 lll.2 66.0 48.0 10.0 1.0 .I .4 .7 .II 132.3 
111211 •••••••• -······--···--··········· .5 1.1 4..0 :u 22.0 21.0 1.1 :; .2 .l .4 :~ M.5 

::r~:::::::::·:::::::::::::::::::::: 1 
; i -t.~ r ~:~ ~:i. 1. ~ _ •• J ;

1
•. 

0 
· 
3 

. , Jt I 
,224 ____ +++++~-----r-••••-~--~T-----·· ..... j !J .14 12.3 ."'3 .• , 15 0 j J •. J ·.6 -~.<J 

• 1'12-5 ................. -----·····-··---- :,5 11.4 l 2.2 12.S 15.6 3.2 .6 1.8 . 7 2.3 1.3 .7 42.8 
llr.16 •••.• _ ............. ---········-·-- .1 L1 2.0 lll.6 46.2 16.8 l.3 .2 0 ,I .3 .2 !!.'\.5 
11127 ................ ···-···········-- .3 .• .4 7.0 152.2 213.2 5.4 .4 4.5 2.3 1.9 1.5 102.5 
1G28 ••• _ ............... -,--·--·······- 1,4 -1.l 1,5 3.5 30.l 8.6 .3 .2 0 .l .I .l 40.0 
11129- •.•... ---···-······-·-·---······· 0 .2 .6 7.4 47.4 10.g 1.9 t.l J.C 1.9 l.b l.O 80.2 
1930- ....•••••••••••. -.---············ .5 1,9 1.t :N.O 22.9 9.9 l.t l.~ .1 .3 .3 .l IW.3 
11131. ••.•••.••••••... ----············· .1 .ll 1.5 3.3 7.6 1.2 .I O O O .I .6 15.1 
11132 .••.•.•..•••••••••.• _____ ......... .6 1.t 2.1 JIU 1!12.7 llO.O 8.7 .2 .I .4 .5 .2 lli.8 
11133 ••••.••.• -············---··-······ .2 .2 .9 1.2 Zl7 18.8 .6 .l O O .2 .2 ff.I 
11134. ______ .•....•••••..•..•••... -.... .2 .3 .3 U 2.1 .2 0 .o O O O O 3.4 
19,'15 _________________ ••••••••••••••••• 0 .l .l 2.11 36.6 32.3 4.l .8 .4 .5 .4 .3 7!.0 

MND ..••••••••.••••••••••••••••..•. _ .5. 1.1 =u 8.0 34.7 1.8.0 I 3.0. .7 .7 i::::II .7 ,ll. 71.1 

Percn1toU.n:m.al.. .. ----····--······- .n l.66 = 2.113 I~ 48.81 ~ 4.22 --:-;---.-ge-l~~--.-114-~ 
1 Estlmauid by retereneoe to ConeJcs River at MOl'Qte from monthly relation ct1.ne:s. 
~ from A pr!l llm to September 11133 Imm blmmlal repom of the Colorado State ~. 
Reeords from October 11133 to "September 11134 from rel)Of'b o! U. S. Oeoklllcal Snrvey. 
Recor,:!s !ram October JIIM to December lllliLS Ill! pro"riomal l'IIOOl"ds fun:l&bed by U. B. Oeolocloal Blll"l'e}'. 

TABLE 149.-Run-off of Loa Pino, Riffl- near Ortiz, Cow. 

(Draluge IIN!ll 1117 sqiwe miles. Unit 1,000 acre-Ifft] 

y- ,B.., ,,...., - .... "" - - _:::_ "'f:"· ~ N~ I "="· _::'._ 
1915 ••••••••..••••••• ---·-·--·-·--···· 0.8 O.D 1.5 14.0 J0.5 28.6 6.3 2.7 1.2 1.1 12 •••••............•.• 
llllfi ............................................... --·····--·-····-- '16.2 118.2 137.4 111.2 3.3 1.8 6.& 11 •·•······· 
11117 .•.•..•••.. -...................... .•..••••.. .•....•••• •..••••••• ..•••.•..• 12.5 45.7 12.1 :LO 1.2 .8 .8 .•..••••.......•••.. 
1918.................................. .••••.•... .•••...•.. 11.& 0.1 114.f 19.S &. I l.4 1.1 1.0 1.2 ...••••••. ·······-·· 
10111 .••••••.•••••••••..... -...•••••••• ···-······ .....•.••• ······-··· 21.5 SI.I 17.0 7.8 4,6 1.9 1.3 l.l ··-······· •••...•..• 
Im--·················---··········· ·•········ ----···--- 2.0 8.~ 76.2 45.8 11.5 2. 7 .8 .8 .9 ········-- •··•• 
lVJI •••.••••••••••.•..• --·· .••••••••••••••••••••.•.. --••••••• -.••••••• ---· •••••• --· • .. -- ••. -······ .• • • •• •.•••• • ........ -·-- ..•••• • ·- • --••••.••.•.••• • •. -- ..••• • • • · 

~=t:::::::::::::::::::::::::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: :::::::::: ::::::::::1:::::::::: :::::::::: :::::::::: ::::. 
I hrtiuJ}' estimated. 
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TABLE 149.-Run.-off of Loa Pinos River near Ortiz, Colo.·-(fontinued ---
April May June July 

-----------1·--- ---------- ---- ---- -------- -------- ---- ---- ----
1924 •••••••••••••••••.•••••••••••••••. ····-----· ---·--···- .••••••••• ···-······ ••••••••.• ··•••••••• ··-······· ·····----- ·---------
11125---·······-----·---------·----···· --·----·-· .... ______ ··---··--· 20. s 26. • 11. s a. 1 4. a 1. 8 
lffl---··----······················--·--·······-···················- 11!.0 441 22.4 4.3 1.7 .11 
1m ••• -------··-··---·-·-····----···· ---·---·-- --·····--- ···--····- 12. o 116. 9 2a • 1. o 2. e 11. o 
lDl----·-·-·····················-·-·· t.ll '· i 'l.8 9.3 38.6 13.2 2.8 1.5 1.0 
m ... -----··············-······----- ···--····· .......... .......... 1s.11 .a.4 11.0 ,.1 11.9 5_2 
IJ30 ••••••••• _ ••• ---···---·--·--·--··· ··-······· •••••••••• 2,4 :is.o 3:8.6 16.s •a.1 •ao 11.2 
1931-·--·--···············-·······--·· --···--·-- ··--·-·--· (I) 11.J 17.6 1.3 2.3 1.1 L4 
1932 ••• --····················-········ ..••.•••.. --········ 14.3 18.4 67.0 28.0 13.1 2.6 L2 
111.lS.---········-··-----·--··--····-·· ..••..•... ••........ .......... 11.0 11118 26.3 6.1 2.0 L8 
lll34 •.•......•••.• --·············-···· ···-······ --······-- .......... M.8 7.0 1.6 .8 .9 1.1 
~--····-----····-·····-····----·-·· ··-······· -····-···· ··-·-·---- 9. 7 40.3 t2.3 8.0 3.4 1. 7 

• Estimated. 
s Partial ffllOrd. 

Records from l&11uary 1015 to Sepiem her 1933 lrom the blenlllal repons of the Colon.do State 11111cloeer. 
Records from October 1933 to &ptem!Hor 1113-4 from repona of U. S. Otologieal San.,y. 
Records rrom October 11134 to October 1931l are provWonal noeords hmllllled by U. 8. Oeoloclcal SW'Vey. 

TABLE 150.-Rim-off of Cukbra Cruk at San Luis, Colo. 

!~ 111118 ZICJ square mUes. Uolt, 1,cm aa.teet] 

April .July 

l, 5 
11.3 
1.0 
3. 7 
.9 

3.2 
J 1.4 

2. 2 
1.a 
J. 6 
.9 

1.4 

1. 2 
11.8 

1. I 
I 2. I 
11.0 

2. 3 

I 1. l .•••.•••.• 

'· g ·---··---· ····--··--

1. 3 ----······ ......... . 
• 8 ----·----· ---·-····· 

Alll2Wll _____________ , ____ ------------ -------- -------------------- --------
lllOO. --···· -••••.•••..•• ··-··- -• ··--· .•. ·-. --· -• ---- •. -- •••••• ----· •.••••..••• 
19)0 ..••••••••••.••...•••.• -.......... 2-4 2.l 8.1 7.7 
1911 •••••••.•••••• -••..••.• -.......... 2.2 1.9 2.4 2.3 
1812. -------···················------- 2. 6 2. 7 2.3 2. 7 
1913 •••.•••.•• -....................... 2. 2 2. 0 2. ~ 2. 4 
1914 .•••••••••••••••..•..•••• _._______ l. 7 1.8 2.2 1.7 
llll&. ···--------------·-·············· 2. 5 2. 3 2.3 2. 6 
1916 •..•••.••••••••.•.•••••••••••.•••• 2.4 2.5 3,4 3.3 
11117 ••. ---····················--······ 2.2 2.0 l!.4 2.2 
11118 ••••••••••••• _____ .••..•••• -...... 2.1 I. 9 2. 2 l. G 
1819 •.••••••• --·---····. -···--. ····-·. (1

} (
1
) (

1
) 2. I 

lffl ___ ••••.••••.•••..••...•..••••..•• --·-····-- ·······--- .......... l. l 
!112l.................................. I J.f IJ,3 1.3 1.2 
• ···--·---·-·---·---·····--:.... • I. j I), I I J, 2 '7 

···-···--··---···--··-···---·- •1.2 •1.1 1.3 1.2 
--·-··•••··•·•···••·········. > l. 5 I J.4 'I. 5 I l, 5 

•••••••••••••.••••.•••..•••..•• tJ.5 11,4 IJ,f 1.( 

b--················-·····----······· 11.f 11.1 •1.2 l.l 
11134 ••••••••••••••••• _................ 1.5 1.2 1.1 1.1 
1113.\ •.• ---························---· l.2 .8 .II .6 

I hrtla! r-ecord. 
• Estimated. 
, ?~ly estimated . 

8. 7 
11. 8 

'· 7 10.0 
8.ll 
4.2 
8,9 

10. 6 
3.5 
8.11 
f.5 

6,11 
t.8 
2.1 
8. 4 
a.e 
2 •• 
3.1 
&.A 
J.6 

u.s 1. e 7. II 
0.1 1.8 3.3 
3.5 4. 6 3.6 

JI. 6 9. 6 4.0 
10.0 U. l 4. 2 
15, 8 8.8 4.6 
111. 9 U.2 5.0 
J8. f i.5 6. l 
20. 4 U.8 7.5 

7. l 11.3 5.6 
18.8 ll.1 7.9 

s_g 8. l 4.0 
15 . .Ii 0.1 4. 2 
I2. l .Ii.ft 3.3 
11. 3 11.0 ,5.5 
11. 7 G.2 3.0 
8.4 7. 6 5.6 

10.8 9. 4 11.2 
6.2 5.8 2. 8 
U.l 7.5 u 

. . tecords l'rom January :9l0 to iJeremo-er ,91! and Ocrnoer 1003 to deptem~r !934 from reP<>rtS oft'.. S. 01!<JIQJtical Sur,·ey . 

8.5 5.0 3.0 1. 8 
2. 2 2. 2 2.3 1.8 so. 4 
2.0 (,4 2.5 3,0 37.l 
2.3 2. 7 2.4 2.5 ,55.( 
1.3 2.5 2.4 1.8 49.0 
2.5 2.9 2.U 2,6 51.5 
2.4 2.5 2.e 2.6 67.8 
2.8 2. 6 2.3 2. 2 63.l 
2,2 2.3 2.2 2.1 64.8 
3.4 3.0 2. 0 2.1 51.5 

(') -.. ·------· --- ..... --...... - ... -.. -- .... -- -.... --- .. ---
2. 4 1.8 11.4 'I. 4 
1.0 I. 4 ! l. 3 '1.2 t3. 7 
1.6 I. 8 2, l 1 1.6 3,t.1 
2. 7 1.8 11.6 I J. 5 43.6 
1.5 1.e 1. 5 11,5 3G, 5 
2.2 1.8 I. 7 J,; a;.o 
2.4 I. i l. 7 I. 5 U.6 
1.2 1.4 l.l • 1.2 31.4 
1.8 2.0 2.0 1.7 ~-7 

.uoords from May to December 1009 111d from January 1912 to September 11133 from biennial reports ol the Colorado State eoi;loeer. 
Recorca from October J934 r.o December l931l a.re pro,·isional reeorru rul'lllsbed bY u. S. Oeol01tlcal Survey. 

TABLE 151.-Ru.n-of! of San Lui.a Cruk Mar Villa Grove, Colo. 

[Dralnare area 2M 5<!W1~ miles. l:a!t, 1,000 acre-reetJ 

.AprO May June July Octo
ber 

No.-eio- ~rn· 
ber ber Allllual 

__ _..,_ __________ , ____ -------- -------- -------- ------------------------
1922 ••••••.•••.•••.•••••• __ •• _________ ----·--··· -········· ••••.••••. 
11123 ••••••••••••••••.••••••• ---······· ·-···----- ------···- ······---
lffl .• - ••••••• -••. ·- --.. -.. ··-·. ·---·· . -.•.. ---- ..• - . ····- . ·-- ------
1925 •. -- ••• ··········-······· •• --- ••••. --- ••••••••••.••••.••••••••.• 
11126_ •••.••••••••.• ___ • ___________ • ___ ······-··- ···-······ ·······-·· 

1 PIP'IJall1 eatlmated. 
Reoorda from ble.nolal reporu ot the Colondo Stale aqlneer. 

0.9 
•.2 
9.3 
.ll 

l.CI 

1.2 
-7 

13. l 
.II 

3.CI 

0.6 
2.0 
~-0 
.6 

3.1 

0.3 
.e 
.7 
.3 
.8 

0. 4 
2.0 
,6 
.8 . ; 

TABLE 152.-Rim-o.ff of Kerber Cruk near Villa Grove, Colo. 

[Draloap ar-ea 39.5 11quare miles. UIIJt, 1,000 IICl'l!-ieetl 

Year May July 

~:i g:~ 1·--·--i:,·1··--·,·o:i-·1:::::::::: 
. 6 .6 , 6 ----··-··· ····---··-
.5 .5 .3 .......... ------···· .. ·-··-····- ····-····· ·--···-··· -·-······· 

-------------1----1--- ---------------------------------
llr.!2 .•..••••••••.••••••••••••••••••••• ··--·--··· ..•••••.•• ·---···-·· 0.4 0. 6 
1112:L •• ---·· •••••••••. ···--··--•••••••...•••...•••.•.•...•••.... ---· •••••••.•••.••••• ---
111:!4. ____ ••• · • • • · • •·· • • • · · • •••• • ••·• • • ---·---··· ---·------ --·--····· 2,6 8.8 
192.I. ······-···---·--------···-··----- ·-····-··· --········ ·····--·-· I. l 2. 0 
IP- ""·-·-·········-········----·- ••••••••.. -··---···· •••••••.•• 1.5 4.3 

1 Pan.laliy estimated. 

&ecurdi!I from blewual reporlJ! of tbe Colondo State~-

0. 2 
1. g 
5. 0 
.9 

&4 

0 
l. l 
1, 0 
.JI 

1. D 

0 
2. 0 
.4 
.4 
,3 

·~-

0 
1, 0 0. 7 I 0. 5 .•••.• •••• •..••••••• 
.3 
.a • 3 .................... ·····-···· 
.2 ···•••···· ····-··-·· ··--···--- --····-··· 
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TABLE 153.-Rim-.off of Sagoochs Creek rn,ar Saguache, Colo. 

[Dl'lllllc1 .,.. 4lMl aquare m!lm. Unit, 1,000 _.f$et] 

May 

Rw Grande Joint Investigation 

------------1--- ----------------------------------
1910 .••••.••••••••••••••••• _ •••••• __ •• -----···-- ·-······-- ··-----··- -----···-- -·-------· -----···-- --------·· (I) 2.6 2.6 ··-----··· ----·---·· ··-··-··--

mt::::::::::::::::::::::::::::::::::::::::::::::::::::::::?~::-.. ---~·~- ..... :~~~--.... ::------:~: .. -.... ::: ... __ r,:: ·····-~;· ····--~~· =··:==;:i: ::::::::~:-
1915 ........................... --··--- 1.4 I. 5 :1.6 7.1 13. 6 14. 0 ~- 7 3. 7 3. 0 2. & 2. 2 2. O Mi 3 
me.--------·--------------·-·------- 1.& 2.1 a.1 3.4 n.a U.5 a.a fl.9 4.2 4.1 2.8 ---------· ··--·-· · 
1917 ................. - .... - ........... ---------- ---·---·-- 2.2 4.6 11.6 :ao.s 11.1 4.~ 2.s 2.6 2.2 u, ______ _. •• 
1918 ....................... _ .. ______ .. 1.8 l.7 2.6 2.8 8.4 9.2 6.0 4.5 4.7 :u 2.7 ----··---- ........ .. 
11119 ............................ ____ .. -----·---- --········ --·----··- 6.4 22.2 l5.6 ll.3 6.2 3.3 2.3 3.2 -----·--·· ........ .. 

l:rf:::::::::::::::::::::::.:::::::::: :::::::::: ::=::::::: <'Ju i1 !U I! 1~:~ t: U U i~ ···--····- ------ ... . 
11122 ........................................... - .......... -·-----··· 3.C 11.2 13.2 7.0 6.0 2.8 2.3 2. I 11.5 ..... ::::: 
Jffi............ ..................... SJ.l IJ.l >2.2 3.a f/.4 12.5 11.7 10.0 11.8 6.8 3.) ................... _ 
11124 ................. -·····-----·-···· ............ --··---· ......... - 111.3 211.9 11!.7 6.8 11.3 2.3 2.6 I J.9 

'I. 8 ::._:::::: 1925 ................. - ..................... - .... -----·---· ..... _.... S.6 11.l 8.6 6.5 6.1 4.5 f. I 12.3 
um ................. -.............. -- 11,5 11.2 ,i.s 1.1 H.a 13.6 &.2 a.1 2.a a.1 
11127 .............. ___________________ . ·--------- ------··-- ---··----· .5.2 8.7 8.6 7.0 7.& 7.l 6.0 3.3 --------·· ...... ···-
11128.--------------------------------- ---------· ---------- ---·-·---- &.7 21.4 17.~ &.1 4.2 3-l 2.7 2.7 .. ,. ______ ·--·-----· 
lffi ... ·-----·--·----------······---·· .. __ _. ........... -.. -·-····-·· 4.3 lo.5 11.3 II.II 12.2 ll.5 ll.2 •3.6 _ ......... --------·-

i:L:::::::::::::::::::::::::::::::: :::::::::: :::::~:::: :::::::::: 1:h Ji Ji U ii U !! · u ·--------- ---··----· 
um ................ ---------····---···-··-·--····-··-··--.......... u u a.a u u 2.1 2.1 c:,2. $ :::::::::: :::::::::: 
11134 •• ----·----------------------·---- ---------- --·---···· --····---- 3.1 3.8 l.7 l.t 2.2 l,g 1.t 1.• ··--·----- ··--------
11135_ ..... --.--·-----------··---····-· -····---·- ---------- 1.? 2.3 4.9 13.2 7.3 4.8 2.6 2.S ----- ............. ·--···------

IPIIZ'tial_.d. 
t Eslimated. 
• Partially estimated. 

Reoords previous to Beptemher 1gJ211.$ ll'Qbli9bed in U. 8. Oeo!Qll:11!111 Sarvey Wat111 Sapply Paper No. 3S8. 
Reeords from June IGU t.o S.pwnber 1934 lrom blennlal N!p-0ru of tile Colorado Stau engilleer. 
:Reoords from October 1934 to October 11135 are provilri,:,nal n!COrd& fn111&~ by U. B. Geological Survey. 

TABLE 154.-Run-off of Carnero Creek near La Garita, Cofo. 

IDl'IUJl8ill lll'IIII, 117 aqua.ni ml.le,1. Unlt, l,000 a.are--leetl 

Year .April Jilly Novem .. 
ber 

------------,--- ---------------~------··---.----1----1----1---·•---
1urn _______________________ ........... ---------· ··-·------ ---------- a.o 7.9 2. 7 1. g 
1~.- ....... ---···--·---------·····-· ·····-···· --·······- LO .8 ~ I 2. 8 .8 
11121 ............. ____________________ . ---------· --··------ -------··- 1.2 3.2 
11122 __________________________________ ·-----···· --······-· .......... (I) 2.8 

4.6 l.U 
1.4 .5 

llrn ........ _____ ··----·----------·--- ---------- ---------- - ···------ 1. & 2.8 l. l .8 
111:.14 __ -------·-·---------···· ·-------- ------·--- --··------ -------·-· 7. 9 lll.6 &5 1.2 
lWl.'5.------------·---------.-----·---- ·--------- .. -------- J.O -9 1.0 .6 .9 
11126 ... - .................. _ ... _ .. ,_... •0.2 10.2 •.6 2.0 3.11 l.9 l.2 
IV,17 .. -----· ------ ............ --- .. ,.. .......... .......... • 7 • 7 , 7 '4 --~ 
l'lt.!S ..................... _,, .. ______ ............ ·-··-- .... .......... 2.3 7.4 2. ii -~ 
111211 .... -......... -.-----·----·-··-·-- ---------· -------··· ...... _... (') 1.2 • 7 .fi 
1!100 ....... --------------------------· -·-------· .... - ..... ---·---·-· .R .~ .4 .8 
l!Xl!. .. ______ ................ ·-------- .................. -· .... -----· '. P .9 .& . ~ 

1. 0 
.e 

1.8 
:u 
2.a 
.5 

l.3 
_ 7 
.fi 
.6 

6. 1 
2. g 
.I 

ll.6 
.4 

1. I 
.7 

2.0 
.2 
.8 
.2 
.R 
.5 

l. 7 
.9 
.l 

0.5 ...... _ ••• -----···-- ··-··----· 

·' • B 
.c 

J. 8 
.3 
.6 
. 4 
.7 

0.3 ··--····-- ..... _ 
.s 10.3 ·-------·· 

'' 2 -------- .. ·---······ 

.4 ---·-----· ........ . 

.i/ 

.5 

.2 

l~t-·: •. ::::· ;·:· :: :::::::::;: :::!':::::· :::----::. ::::::.-:: ; i ::i ··;··a------ .. , .. _ ... 

i::::: ::::::::::::::::.:::::::::: ::::1::::::::::1:::::::::r::::::::1 : ~ I 2J I J J J 1:::::::::f :::::::f ::::::: 
. J 
. j I ~-

1.3 . i 

----'-----'-----'----'------'-----'-----'---'----...... ---.:.-------'---
!dj .11 ., I 

l Partial r1!IOOrd, 
I Estfl))at&d. 
I Parnally estimated. 

Records from .April 1919 to September 11133 from bil!ll.lllal n,port~ or the Collll'Bdo !ltata m(ID-. 
Records from October 1933 to September 11134 from ~s of u. 8. Oeologii:sl Suney. 
Records from October 11134 to Octobv 1~ ve provlsiorw reoordll fumlsblld by U.S. Goo!Oilcal Survey, 

TABLE 155.-Run-off of La Gari.ta. Cruk near La Garita, Colo. 

[D~e area, eJ aqlllinl mllta. Unit, l,000 •-fllllt) 

.Aprll May July 81!~· October Novem· 
ber 

------------ ---- -------------------- ----1----1·---1-----1----1----1---
l91Q ________________________________ •• ···--····· ·-·······- .......... 2.3 
llil20 ........ --------------.-··-------- .......... ---·-----· 0.4 • 5 
11121. ................. _ .. _ ............ ···-······ .. --·····- (1) .G 
11122.- .......... - ............. -------- ·····----- ··-···---- -------··· ,g 
11123 •• ·- ·----····-- .... --· --- .. --- --·· ·-·--·-- .. --···· .............. ···-····--
11124 ................... -- - ·••• --- - -- -· ·---······ ---------- -------··- ?. 5 1925 ••• _ .. __________________ ....... _ ............ ·-·······- •••••••••• 1.1 
l~ •• •••••••··-···---- ..... ---·-··--· t 0.3 I 0.3 1.4 2. 3 
1'1127 •••. ____ _. •.• _. _________ ..... _ ........ _ ..... -········· ·-········ • D 
11il2S.----·-··- .. ·-··---·-- .• ----·····. ------·--- ·--------- -----····· • ti l9'Jll __________________________________ ···---···· .......... ·····---·· (') 

la.'!0 ......... --·-·----------·---·-·-·- --------·- --·------- ------·--· 1.0 
11131.. ·-···-·····-·--······-·····----- ·····-···· ----······ .......... • 7 
111a:1_. _______ ··--------··-----·-----·· --------·· .......... .......... • 7 
l1l33 •. - ..................... ---·····-· ·- .. -·---- ···----·-. .......... 1.4 lllU ••• _____________________ ••••••••••• ··--····· ···--- •••• -......... . 7 

1113.!l. ----····---·····---·-···--------- ------ ---- ···------- .... ·--·-- • 7 

u 
5.0 
a. 2 
t.3 
!.4 

ta.O 
I.S 
7..11 
1.2 
t.G 
2. 4 
,9 

l.O 
2.2 
.ti 
,15 

l.9 

2. 7 :s.o 
ll.8 1.1 
7.3 i. 0 
l. 9 .7 
:u 2.0 
1.8 Ll 
-7 l.8 

11.0 1.2 
• 7 • 7 

l. & .9 
1 .• .II 
.7 1.0 
• 7 ·' 1.2 .9 

l. l l.O 
.3 _3 

2. 9 l.2 

2. 2 
1.3 
2. 8 
1.3 
2. g 
.! 

2.8 
'7 
• 7 
.0 

3. 6 
:ts 
.3 
.6 
.7 
.3 
.6 

0.6 
.6 

I. 7 
.& 

3.1 
.3 

1. 2 
.2 
.7 
.ll 

l.5 
.8 
,2 
.3 
.3 
.2 
.5 

0. 4 • ··------- ----·----· -········· 
.3 .~ 

2. 6 •••• • ••••••• -

.4 0.4 ................ -.. . 

.8 .5 10,f ......... . 
. 2 s . 4 •••••••••• ··--··---· 

. 5 , 5 ····'"·-·· ----------

' 6 ---------- -····-···· ······---· 
.3 --··---··· ··--······ -·····---· 

I, 7 ---------· -----·---- ......... . 
• 3 ---····--- •••••••••• ---------· 
.2 
.4 .2 ········-· -----···-
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General Report 

TABLE 156.-Run-off of Rio Grande below Tao, Jumtion Bridge near Tao,, N. Mu. 

[Draimp ma, e.w> aqaan miles.• Unit, 1,000 acre-teat] 

July 

159 

.AmnlB.l. 

-------------1---- -------- ---------------- -------- ---- -------- ___,,__ 
11125 .•• --··-·······-·················· ·-·------- ······---- ··-······· ··--······ •••••••••• ···----··-
19211. -··············----·····-········ au 21.8 ,u su m.o 11l8.o 
im----··--------------·-···-········ •n.o •37.1 •,5-3 s1.4 11410 •1eo.o 11128 •• ________________________________ 39.5 17.9 47.4 33.8 1)26.0 *83.7 

11129-··············-······-·-···------ 26.0 27.3 19. 7 '2.5 I )41.0 I 115, 0 
lllJO ...•• ---······--·······------··--· 30.J 1311.8 311.6 IM.O ~.3 149,7 

i:t~:::::::::::::::::::::::::::::::: :u ::: ::: ::: ~j ~:g 
lll33 ••• --················--··········· 29.l :M.O ll6.U Zl.6 ifA.e 104.0 lllJ,I ________ ................... _. ___ .. :II0.5 3/i.O 30.2 20.8 :13.0 14.3 
1935. ·········-·-·-··················· 26.1 3:1.8 19.5 15. 7 112. l 210.0 

<'la 2 
27.l "3.3 48.3 60.8 119. 7 ··-.a 17. 7 15.9 18.9 27.8 32.8 

•IM.O :llG-9 124.0 • 107.0 I 65,2 142:,7 -.u 
H.9 I 13. 0 112. 0 14.0 :M.3 2'. 6 670.0 

I 23, & lk5 185.8 113.G I SO. l ai.4 768.ll 
•27. 6 ,u. 2 119.3 24.5 24.6 80.2 "'3.9 

13. 8 11.2 20.l 23.0 19. l 30.3 2118,6 
107. 0 22. 4 24.8 :11.8 31. 6 30.3 1147.8 

125.9 i 15. S 16. 8 19.l 23.4 30.5 393.3 
12:.2 12.9 H.4 14.9 14.5 22.2 2'-1. g 
70.3 25. 1 Z!.5 24.8 27.8 30.9 574.6 

1 Exclusive or closed ba.slll area, San LaJs Vallty, Colo. 
• Partial re<X)rd. 
• Partially e.xtimated • 
• Estimated. 

T.un,E 157.-Run·of! of Rio Grande at Embudo, N. Mex. 

IDnllllace, area, 7,327 aquare!llllts.1 Unit, l,OOOa.cre-teetJ 

Ylllll" Jai:nwy Febl1!al"l' March April May 1WJ8 July Allltm Sete~· 
---------------------

1800 ..•••• ····---------···· 26.9 3CJ.7 (1.9 124. 0 305.0 :Kt.O 1118.0 ,50.] 32.4 
181ll... - ··-··· •• ·-· .•. ·- -· .• 116.0 34.2 o!IIU Hl,D 387.0 300.fl H5,0 57. 4 27.D 
1892. _______ •••••••••••..... 31:).6 3'.3 64.6 177.0 i'!Ol.O 187.0 33. l 11. 7 Q.O 
11193 •. --- ....••••••••••. -· .. 211.4 %1.0 II0.8 85. 4 1112.0 161.0 13. g 14. l 17. l 
18114 •• --··-· .• ··-······. -- . - 19.fi 18. 3 t3'J'. O tVO.O t 107.0 •80.0 tH.O l!G.O 1111.0 
1895 ........................ 29.2 27.9 441.5 m.o 165.0 UIO.O 112. l Ge.4 37.8 
1811!!. ••••••••• ·····- •••••••• 32.7 11. 7 S.8 1D7. 0 1118.3 21.8 18. 4 l&. 3 1.3.G 
18117 .••••••••• -- -· ....• ••••• 24.2 22.7 84. 5 101.0 2136.0 275.0 78, 3 :I0.8 20. 5 
1898 •••••••••.•. -· ---··· .••• 30.0 211.2 42. 7 133. 0 132.0 207.0 w.o 2'11.t 20.l 
1899 •. ······-·. --·. ·--· .•.•• 28.9 U.7 46.8 M.9 68.8 H.8 18-3 14.6 111.f 
1000 ...... ·-···· ·-·. ··--···· 27.9 211. f 38. 6 27.8 H8.0 145. D 17.3 10.6 H.8 
100!. ----·-· --- ............ 21. l 2,5,g :n.u 38.8 lijil2."0 1!12.0 lK.8 27.7 21.t 
l;o2 •. •••••• ••••••••.•. ••••• lll!l.4 25. 7 32. 7 1111.t 411,l :18.2 11,7 Ja.2 13.6 
'tlO:!···········--··· ···-···- JIU 20.8 411,' ,58. 7 158.0 6114, 0 02.e 20.6 20. 7 

• 20.0 • 21.0 • 1e.o • 22.0 • 16.0 • 15.0 • 11. 0 •a.o • 111.0 
.. -______ ........... _________ ... ,. ... 

I 113. 0 '31,0 178.0 I ,S,0 i 1$15.0 • ,5ll.O 134.0 • ao • 11.0 '. . ao.o 29.0 34.0 76.0 307. 0 Ml.O 131. 0 53.0 f.l.O ............... -- .......................... ~- --• - --- -- ..... ______ -____ ....... 40.0 iO.O 118. 0 UIO.O IIQ'l.O Jlll2.0 m.o lff, 0 811.0 
• .oa_ ---........... -----........ -......... --- •21.0 121.0 I fill. 0 •M.O • oo. o •es.o '37.0 I G2.0 134, 0 
lSOO ••.•.•.••• ··---- ........ 131.0 •32.0 *45.0 • iw.o I 320.0 i 371.0 IGJ.0 16(),0 • Jli,6, 0 
1910 .• ··-···--·. ··- ..... -- -- 135.0 131,0 I J00.0 I 186. 0 13111.0 I IJS. 0 • 11.0 • 20.0 1 15.0 
19ll. ...................... '34.0 133.0 I 36. 0 1111).0 I JIIQ.0 ».5.0 I 800. 0 168.0 I 67.0 
lil:.I ....................... '40.0 I 311.0 • 53.0 • 83.0 •390.0 a.1.0 177.0 136.D I ZI.O 
1913 ••• ·-- ............. _. •• ::!3.8 2.5.0 40. 6 80.3 87.3 78.0 17.8 17, 0 18.3 
1914 ..... -···--··------···- 29. l 30. 7 46. g 7fi. 2 1116, 0 :::!8,0 12. a -a.z 'ill. 4 

ll) l 6 J .u J . ;O J -~..:.1 ,. 
L - - - - - a~ - - ~ i~ ~- - - :o:i .:10. 0 ' :118:o i'~ .-4: 0' -~16 ..•.. ····- .. ·-······ ..... ~ ... -t ~9. 5 J8. -i ~ato 'i:-11 __ .,_.,. ... -·----. ---- -- .. ~ ~-+- 37.fi 33. g 46. ~ 73.f lM.O 2". 0 lg(), 0 23.1 

1918 .•..• -···· -····· .... -· •• :r..5 27.9 45.1 32,g 74.2 90.2 42.8 H.8 37.S 
191 IL •••••. ·-·--··········- 34.3 31.4 65.9 Ull.O 287.0 1211. 0 75.11 65. 7 :io. 6 
1920 •. --···· ·- .•.•.• ·······- :r.u 41.9 47.2 G2.2 '65.0 670.0 m.o 86.0 112. II 
11121_ .•••••.•.••.•••••••••.• i!ll.9 36. J 155.g 43.0 140.0 4113. 0 m.o lW.O a.2 
lll22. _ - -· --- •• ---······- ···- 37. 6 311.2 63.t .!O. l M2.0 1125.0 118, 6 16.9 uu 
IIIZI ....................... 32. 7 211. 7 12.8 IQ. 7 1711. 0 lll8.0 42.5 II0.3 78.0 
1924 ..••.• -··············-- 34.4 42, 7 59.2 213.0 404.0 147,0 37.4 24.l 22.11 
1925 .•• ··- ................. '29.:l 31. 7 M.4 68.3 49.0 :IIU 22.0 13.0 40. 7 
1112tl .••••••••• -•••• _ •••..••• 45.9 42. 6 70.6 11ft, 3 9'1.0 230.0 '40, 3 19.5 16.3 
1927 ····-----···---·------· 34.8 '34.3 '6.9 $2.8 182.0 141.0 T 174.0 33.6 JM.O 
1g211 ............... ·-------· 1n.1 37.2 50. l 42.7 159.0 102.0 LU 17.4 15.11 
11129 ........................ '25. 3 :1111.4 40.3 49.8 1112. 0 124.0 ':is. 7 101. 0 116. 0 
111:JO. -- . ····-····---------· 36.G 142.0 41.0 75.3 61.6 61!.8 31.8 42.9 21.9 
11131 ••• -----······-··-····· 21!!.7 32. 5 61.0 fl'. g 36.4 25.9 16.2 H.3 ~o 
111132_ ••• ----··············· :19. 9 BU 5U 77.8 :IS!.O 210.0 lOll.O 25.0 24.3 
11133._ •••• -···-------······ 29.5 211.0 41.8 22.9 a1.2 U8.0 27.8 lG. 7 lQ. 7 
Jlil3i •••••• -·· ••••••••••••• a:i.o 39.0 au 22.8 n, JU 12.8 18. e 15. 0 
19& __ • -- ••••• ----- ........ 27.3 :13.0 21>.4 22.9 m.o :KG.O 11.1 114.0 30.5 

= = Mean ••.•.•... ---- ----- •••• IIO. & 31.0 48,3 112.0 m1 205. 7 72,8 111-2 ae.o 
Peroe.at of &lllluaL •••••••• uej a.eo 5.82 11.58 21.271 23.92 I 

• I s.46 / uej 6.lD 

October Nnem- Deoem, 
ber ber 

---------
34. G 36.fl 40.0 

100. 0 441-3 34.0 
l:.I. 4 18.9 19. 9 
22. a 19.6 19. 7 
'1.8 17.8 20.8 •• 36.4 32.8 
21.6 23,5 25.5 
04.6 Ffl.7 33. g 
17.4 21.2 20.8 
21.9 31.8 llll.4 
15.5 19.3 21.S 
20.( 21.2 211. 1 
H.2 13.7 le.2 
19.9 !ZS.8 17. 4 

• 122. 0 •31,0 130.0 
• 21.0 128,0 127,0 

77. 0 liil.O 43. 0 
53.0 '40,0 34.0 

•at. 0 121.0 • :16.D 
1'73,0 • 31.0 •311.fl 
122.0 • 28. 0 • 30.0 

1228.0 '58.0 1,13,0 
2!1.8 113.G 27.l 
ff.] 41.6 'l.'5. 7 

' 17. 0 ,1.: . :0. fi 
;1.;' 
74..11 ;"9,f ;5,0 
25. 7 as.a 35.1 
26.8 n. 1 35. 7 
36.5 44.8 43.8 
37.0 48.6 35.f 
14.2 G.O 41.8 
18. l 28.f 31. J 

108.0 72.5 41.8 
23.8 28.6 39.8 
43. 3 •2 48.8 
l8.5 2U fM,6 

llM.O 152.t '40.4 
16.11 211.2 25.3 
75.9 64.4 ff,5 
:ie.o 29.3 30.5 ,u 22.9 113.t 
%1.2 32.4 113.0 
20.6 Zl.4 ll'l.O 
15. 7 M.t 23. J 
29.2 IIO.O IU 4Ur* a2. 2 

ll.45 t.10J 3.H 

A.a.aual 

---
l, O&I. 2 
1,348.2 

8119. 5 
eori. 3 
511.3 
88.15 
4111!. l 

l, 108. 2 
837.8 
375.2 
513.0 
15&1. 3 
2112.1 

l, 0311. 3 
a.o 

l, .m.o 
l. 237. 0 
I, 977. 0 

li38, 0 
l,312.0 

886.0 
l,a!H.O 
1,252.5 

~99. 5 
ll!!O. 0 

l, 176.] 
98.5. 8 
4117.8 
11112.5 

],ffi.t 
l,211, 1 

1123.0 
912.0 

1,076.4 
4,SQ. 2 
887.4 

1, 01!1. l 
660.9 
828.3 
4116. 2 
aeo. 1 
806.8 
430.2 
:IIIO. 4 
&83.0 

l!M!O. l 

.A..miual 
l'llll-otl" ln.J:!e nt 

ean 

123. 
JOO. 
IOI. 
70. 
611. 

100. 
Sal. 

us. 
97. 
"3. 

7 
7 
6 
8 
4 
0 
4 
8 • 6 

5U 
Gt. 

.6 
3 
8 
5 
2 
9 
8 
9 
3 
5 
0 
l 
7 
J 
1 

82. 
uo. 
47. 

]112. 
U3. 
:r.19. 
62. 

152. 
100. 
1112. 
14.~. 

158. 
,lJ. 

i36. 
m. 
56. 

·iz:3 
1 
6 
7 
9 
5 
8 
4 
0 
2 
~ 
2 
3 
I 
3 
6 
g 
4 
0 
a 
4 

lll. 
J83. 
HO. 
107. 
UJG. 
1.25. 
56. 

100. 
118. 
M. 
911, 
57, 
41. 

JOO. 
51. 
ao. 
'79. 

-............ --
100. 0 !········· 

co - 003111 

TX_MSJ_000191



160 Rio Grande Joint Inve,;tigation 

T.\BLE 158.-Run-o.fl' of Rio Gran& at Otowi Bridge, N. Ma. 
(Drainac-e a.rea 11,303 aqua,e miles.• Unit, I.COO IICl"f-feetJ 

Ynt Ja.nuary Feb!'IW'Y March April May June July Au,mt Se~lll· October 

------------------------
ll!IIO t_ -----··········--···· ao.o 40.0 !8.0 :1118.0 800.0 m.o l20.0 77.0 ta. 0 47.0 
181U • •••••••••••••••••••••• 46. 0 •1.0 97.0 141), 0 T.10. 0 400.0 170.0 1111. 0 39.0 HS.O 
111112 1 •••••••••••••••••••••• 117.0 47. 0 1::IO.O a:i.o 5V2. 0 2M.O AO 14.0 8.0 1S. 0 
1803 '···-·················· 18.0 26. 0 28.0 200.0 3l!l0.0 a.o 27.0 18. 0 21. 0 2U 
18114 ..•.••••.••••••••• •••••• t 17.0 117.0 I !4). 0 11MO I :W0.0 14.'I.O 117.0 122.0 • 20.0 1 llS.O 
1!1115 •••...•••.••••.•....•••• 134.0 32. 8 84.3 138.0 :'18(.0 270.0 109. 0 Ill. I 43. 0 42. l 
18116 ••.•.••••• ·--· ...• •••••· 16. 11 34. 5 81.2 ~-0 166.0 11.8 25.3 H.11 17. 8 28. 3 
18117 ·-··· •... ----··········· 28. 7 111!.I ins 303.0 702.0 illG6.0 117. 3 27 •• 40. S 138.0 
1898 •••. -- •• ···----- .. -- . ··- 21. 7 :iu 33.4 -.o 200.0 324.0 1112.0 311.2 111. 3 21.9 
l8W •.. - .• ·•••••·••··. ·----- :18.0 35.6 81.2 173. 0 Jl!l. 0 23. 7 36. 6 22. 2 53. I llft.6 
l800 •••• ·--··· •..•••.•• -···· aa. 8 ll2.ll 62. s 61. & 212.0 173. 0 18. 3 10. I 42. 6 Zl.8 
1001 •••..•••• - - - - -·· - ••••••• Jl.f ae.a U.11 8.'1.4 31~0 131. 0 '4.8 60.8 34. S 30.2 
11li02 ••••.•••••••••• - ·- .•••• - 29.6 27.2 33. 7 9'7.e 73. 6 1118.2 uu 34.2 21.S 17. 2 
1903 •••••••••• --······ -- ·--- :113.1 24. 7 75.2 172. 0 407.0 '/09. 0 137.0 26. 6 22. 3 21. 8 
1V04 •.••.•••••..•.••.••••••• 20.9 21. 2 21.3 %7.3 24.2 17,0 IS. I 112. 0 148.0 2&3. 0 
1905 •••. -- . ··••••• •.•.. ----· 43. 5 5Ul 158. 0 211l.O m.o 573. 0 .53. 7 38. 7 23.2 ~-0 
l1il06 •••••••••..•••••••••.•.• •ae.o • 35.0 • .e.o, '175. 0 •iw.o •HSc.O • 186.0 '83.0 1 M.O 'IOl.O 
lll07 •.•. ···-. - -•.•••.••.. -· - • 57. 0 • 52.0 '104.0 ! •385.0 ~ 488.0 • ll70.0 • 485.0 t 228.0 • 119. 0 • oo.o 
1908. •.•...... ·--····· ---··- 143. 0 148.0 • 108.0 nso.o • 210. 0 • l.U.O • 60.0 • 111.0 '45. 0 '42.0 
]$09 •... ·- ............. -·. -· •39.0 • 40.0 • Gl.O • 235.0 • 5l'O. 0 •l~.O IH. 7 811.8 203.0 81.2 
11110 •••• ·-·-· ••••••• ·- ••.••• 37 •• 31.3 300.0 II05. 0 4:lG.O 130.0 11. 0 22. l • llll.O '21.0 
Hill •......••.••.........••• 47. 7 41. 5 Ill.II l&O. 0 «18. 0 iMO.O 350.0 119. & M.3 336.0 
11112 •••••••••••••••••••••••• t8. 6 42. 8 94. 7 139.0 70).0 • :IG6. 0 I ll7.0 113.0 38.3 38. 2 
lllJ3 ........................ 33.8 35.9 All 146. 0 180.0 112. 0 37.8 16. 8 25.8 49. 9 
11114 •••••••••••••••••••••••• f0.11 42. 8 90.f 170.0 373.0 259. 0 140.0 117.0 83. 3 Si.3 
1915 ........................ t3i.O T f0.0 '73.0 ; 234.0 14M.O T '83.0 111.5 71.2 -tJ.4 311.9 
llUG ........................ '4.l 49.6 1114, 0 21111. 0 551.0 m.o 118. 5 ]32. 0 ~7 ' 186. 0 
1917 ••.•••••...•.••• · •••..•. 42. l 41.6 114.8 11!3.0 1112. 0 ~o lN.O 37.6 27. 8 2-C.8 
lll!S ••.•••••••...••••••••.•. 32. 7 32.6 67.8 71.f 1~.o 188.0 M5 26.4 14l.O • 31. 0 
1919 •••.•••••••....• ·- .••••. 35.7 33.6 He. 2 316.0 670.0 JOl.O 138.0 mu 36. J $1.3 
1920 ••••. -----···-- --- -· .•.. 48.~ 77. 7 85. 8 U2.0 IIGO. 0 705. 0 Jll4. 0 Ml. 7 37.3 411. 7 
192) ........................ tS. I 47. l lO'J. 0 12. 3 2511. 0 mo 1111. 0 1112. 0 114. 7 (i.4 
11122 .•..••.. -· ··-··· •. -- .... ll,3, 5 .51l.2 76. I 101.0 401.0 169.0 82.0 20.; 13. 5 lS.9 
11123 ..•.•.•.••.•..••.•.••.•• , •. 3 46.9 lUl.8 .95.4 397.0 2111. 0 liS. 2 82.0 118. 0 138.0 
11124 •••..•••••••.....•.••••• 44,6 IIO. 5 1111. 6 M8.0 684.0 304.o M.4 31.2 23. 6 28.5 
Hl25 ••.•••••••••.•.••••••••• 46. l Ml.l 711.ll m.o 1111.0 48.0 f8. 7 74.8 42.6 ell.I 
1926 •••.. ···-·······. -- •••.• 411.8 45.6 75. 6 175.0 ffl!.O 33S. 0 49.0 20. l 2:1.6 2(,g 
11127 •••.. ·---·--····-- .• ·--- 35. l 40.1 00. i 177. 0 436.0 224.0 183.0 f3.3 J57.0 m.o 
lll:111 ........................ .51J. 7 411. l 7S. I IMU 348.0 135.0 18. 7 24.6 1a. 3 18. l 
11129 •.•••• ·--······· --- ····- 35., 38. 3 83. 5 1:io. 0 347.0 JM.O 6L6 1G2.0 148. 0 UM.O 
lll30 •.•.••... -· ••.••• - -- -..• 48.l! 611. l 61. 6 .m.o 1&5. 0 Ge.6 SU 117. 3 :1u 40. 7 
1931 •.....••••.....• ·--- .... 83. 6 48. 4 64.1 71.3 12(.0 38.5 21.6 :12.6 &11.0 63.0 
111132 ••••.... ···-·· •••. -- ··-· 311. 2 112.6 130. 0 1127. 0 1537.0 2'96.0 1430 fl. 5 SI. 3 85.l 
11133 ••• ------· •• ·--··- .•••.• '2.2 38. 5 aiu so.o m.o lll5. 0 4e.S 30.2 31.3 30.2 
111134 •••• ·-·---- ••••• ·-· ..•.• fl.2 46. 5 .a.9 70. l 43. 4 111.3 13. 5 H.5 22.9 19. 4 
1934. •••...... ·-·------ -···- 34.2 31.3 211. I M.8 201. 0 363. 0 88.3 8U 83.8 M.fi 

= gul G:1.9 Mean ...................... 37.0 41.0 77.0 J8.5.8 3711. 3 :ms. 1 ~.7 ao.• 
= = = l"wm11t ol annual.. •.••..•• 2.80 l!.03 5.llll 13. i'3 38.03 20.33 7.00 4.47 3.80 4.M 

· :i::i:clwi"~ )i~ basin~=· Sao Luis 'l~lley, ~,lo. · 
' ',stUila&OO b:v reference ~o a,o Gra1Hle'H 1:inouao :,om :nontllly :e! .. 1100 eurves. 
'Estlmatoo by reference to Rio Granae near Del Kone from monthly relalioo cun·es tor period 1895--1005. . 

Novem- Decmn· 
ber ber 

------
47.0 51.0 
11().0 4a.O 
2M 21. 0 
22.0 23.0 

129,0 14(),0 
411.6 43.8 
211.6 ao.o 
71.9 32. 2 
35.6 39. 2 
~5.0 38. 2 
~-3 29.0 
27. 5 28. 5 
18. t 19. 2 
25. 2 23.6 
49. 4 35. 4 
38.0 37.Q 

*78.0 •M.O 
•M.O '41. 0 
• 35.0 '31.0 

211. l 3.U 
au 32.3 

132.0 7'1. 5 
38.3 32. 5 
49.3 35.2 
Ml.O 36. 4 
35.5 38.; 
IM.8 55.6 
37. 4 35. 2 

'40.0 -M.5 
113. 6 54.l 
82. 5 41!. 4 
49.8 53. 5 
3U 42. 2 
97. 5 70.0 
tU 49. 4 
1511. 7 57. 6 
lM. 5 a&.3 
12.1 M. I 
112.6 30. 7 
66.0 M.4 
41, l 40. J 
315. 7 46.5 
45.2 40.6 
3(!. 7 40. 7 
20.4 28. 3 
Ml fO.e 
46.7 40.8 

-
3.(5 3.02 

ADllual 

---
1. 739.0 
2, lll('l.0 
1, IIOO. 0 
l, 000. 0 

656.0 
l, 427. 7 

703. 3 
l.~.g 
l, 087. 2 

682. 2 
7D7.5 
SM.2 
424.t 

I, 667.S 
n:r. 8 

2, 04;, 6 
l, 91i. 0 
2, 7$2. 0 
l, 02:1. 0 
l, 934. 3 
I, 269.9 
2, JOS. l 
l, OOQ. 4 

77Lt 
1,496. l 
l,Mi.2 
2,026.3 
l, 43i. 2 

773.9 
I, 665. 6 
2. 357. 6 
I, 742. 9 
l,!lffll. r. 
1,485.1 
l,&1.2 

845.3 
1,313.4 
1,831.4 

11113. 3 
1,377. & 

D2.5.2 
l!211. 3 

1. 728.6 
780. 8 

380. ' 1.100. g 

l,as:!.O 

100.0 

Aw.. 
l'WI-Otl' 1n 
l)effl!llt 
ot mean 
---· 

ma 
1112. 0 
118. l 
74.0 
GI. 5 

lG.'5.3 
~l.9 

HO. I 
!lll.4 
IIO.~ 
152.3 
83.t 
au 

123. 
o.3.8 

151.1 
m. 
203. 
75. 

6 
0 
6 

143.0 
11:u 
1~.o 
HI. 0 
57.0 

IIO. 4 
121, 7 
m.1 
106.2 
57.3 

123.1 
174. 0 
128. 7 
93.6 

108. 3 
122.2 
112. 5 
117. 3 

120.3 
ee.o 

101. 7 
81' • 

82.u 

= 

• Estimated hr reference to Rio Grande near Lobatos from monthly relation euf\'es, 
• Estimated bv rerer,mce to Rio Grande at Sll.ll Marcial lrom monthly relation cuf\'e!O. (Where tbere ,.-as a choice hetv,een methods(<) aod {'), (') was ~d Wlle5s IUl UDll.5Wll 

eoodltlon due to the in11uenre or tlle Rlo Chama ...-115 lndlcated, 111 which-.(') was preferred.) 
• Partial recard extended. 
, Eath:nated by reference to sn.ro of Rio Or&llde 111 Embudo a.nd Rio Chama neer l'bamlta from monthly relation curves. 

R«ordll L'! published by U. B. Geological Bun-ey; prenous to October 1913 rrom Water Supply Pap,ar No. 358 e~cept 11.'1 noted; October Jll30 to September 1934., 
Records from October 11113 to September 1030 rrom rePQtU or New Mu!oo State enidneer. 
Records rrom October 11134 to December 11135 are prov!slonal records funmhed by U.S. OIIOloch:al Survey. 

TABLE 159.-Run-off of Rio Grande at Cochiti, N. Me:r.. 

(Dralna«e iU'llll II.Ml aqWU'I! milas.• Unit, 1,000 IICl"e-feet] 

Year Mt.y .July _An.,ug Septe-n- October NO'l'em- Decem- Annual 
...,_ ber her her 

------------1·---1--- --------------------------- ------
l~- ···--·······-············--·-··--
llr.l6. - - ·- ......... ·- .. -- ..... --------. 
lffl .•. ··-·······-··-········· -·····--
111211 •• -·--············. ····---- .. --··· 
111211 ••••••••• ··--- -• -••• ··--·- ·-- ..••• 
11130 ••••••••••• ··-···· -·······--·· •••• 
11131 ••• ··- •••.•. ·--··· ----··----·- ·--. 
111132 ••• --·- ••• ····-- ·- ······- ·---··· •• 
11133 ••••• -····-··· ••••••• ···-- •..•.•. -
111134 ••••• -·-· ··--· •• ··-· ····-- •.•.••.• 
11135 ••••• ····-- ••..••••• ·------- ••••.• 

33.6 
• 82. 0 

40.D 
I 53. 5 
•40.1 
148. 3 

16. Cl 
tt2 

t43.9 
40.8 
33. 7 

&11.5 
• 71.0 

42. 7 
a:u 
37.2 

•M.2 
40.4 
80.0 
39.8 
42. 5 
30.8 

1 El:clo.slTeo! doled bu:ln-, Ban Luis Valier, Colo, 
' Partially~-
1 Estimated. 

113. 7 
I 118.0 

63. 8 
?11.0 ,ao.5 
eo.1 
57.8 

121.0 
63.' 
37.9 
21.2 

lMI.O 136. 0 46. l G.3 
I 242. 0 •co • 2ll0, 0 • 02. 8 

182. 0 427.0 218. 0 :IO'l.O 
84.6 300.0 136. 0 111. 0 

113.0 SH.O 183.0 45.8 
214.0 UG.O 101.0 M.O 
mu 1'6. 0 40.0 18. 5 

II03. 0 488.0 2611.0 167.0 
61. 6 lM.O Ul8.0 46. l 
&l.7 31. 7 11.8 f.4 
6'U mo w.o 71.5 

Records frol:11 lantw; 1n, to SeptembeT 1930 from reports or tbe Ne..- Mexi(lt) State engineer. 
~strom October 1930 to Septen,ber 11134 !rom n1porta or U. S. Cnol()Jlcal BW'\'t)'. 
Reoorda trom October 11134 w December um an provlslolllll ,-,is tumished by U. s. OeoloCical 611n"e:,,. 

kt 48.8 70.2 e1.a M.i l!SIU 
118. 6 11s.o :n.o 30.1 311. 9 1,435.3 

M.2 1172.0 130.0 76. 2 I G2. 5 l, 1177. 3 
1211. 1 H.8 •H.3 • 111. g 311.2 IIM.4 
1117. 0 w.o !OS. 0 • 83.0 161.5 1, 38(1. I 
Gl.l 23.0 32.2 112. l a.'§.t 874. t 
21. 7 112. l 80.ll 34.2 47. 7 1193.0 
ao ICl.2 32.8 46.3 IU,8 1, JKJ!. 3 
$1.8 :IIU 22.6 25.2 n.a 'ffl&.3 
s. 0 15. 4 10. 7 15.1 211.S ao:u 

99.11. ~· I!& I .'il. l 40.5 1,021.8 

co - 003112 
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TABLE 160.-RutH>ff of Rio Gra"4U al Ba.n. Felipe, N. Ma. 
(Dralmp ana, 13,086 IIQll&A miles.• Unit, 1,000 IICl't-feet] 

'l'ar lanuvy Febm• M&rch Al!l'il May June 
I.I")' 

ur.111 ..••..•.•••••••••••••••••••••••••• M.& 76. 7 125. 0 247.0 HII.O 2311.0 
1927 ••••.• ·········-· •• ····-·········· 43.3 47.11 ?4.ll 174. 0 4llO. 0 2&1.0 
111211 ••..•••• --------. -----··· .•.•••••• 1153. 5 153.ll U.4 •98.8 • 1144.0 HII.O 

11129 .• ····•••••••••••••·•••·••·••••••• r.u '1116. u M.1 107.0 MIJ.O Ilk. 0 
lil3(L •.••••••.•••••• -- •••••••• ---- ••• - 33.5 M.1 86. 3 21B. 0 JM.0 Ul6.0 
11131. ••• ·-·. ·-·-··· .•• ••••••• ···-- •.•. JS. 4 47. l eo. s 811.0 139:. 0 ll6.8 
1932 ••..•• -·----- •••.. -- ••• -··· •• --··· I 40. l M.2 ne.o 2119. O ~-0 291.0 
1933 ..• ·---·- ..••••••• - .•.•••••• --··-· 144_3 ttt 7 • 711. 8 1118. 5 IJ~O 2111.0 
1113-1. - •••••••. ·- •••••• •·•·•••••• ··-··· 51.4 53. 4 42. 7 • ll,.8 48. 7 12. 6 
11135 ••....•••••• ·- •...•.•• • .•.•••••••• 12. 8 30. 7 211. 3 II& l :IOII. 0 w.o 

1 Exchniv~ ar closed basin area, San Luis Valle;, Cofo. 
~ ~Jn8!1;rt1mate,1. 
R~d$ !rom January 11121l to September 1930 from 1'1!Jlort5 of tbe New Mexico State en,lneer. 
Records fl-om October 1930 to 8'!1rt•mber lll34 from npons or U. S. OeoJo,,:ical !lur,·ey. 

1u1y 

00.2 
317.0 

24.1 
177.2 

82.8 
24.4 

t iGO.O 
Sl. 7 
5.9 

93. l 

Record.'! from ~toiler 11134 to Dl!lll!mber 1935 are pro'i'wonal recordsfurn!sbed br l'. S. OeolOG:leal SW'Vey. 

,Ul!llst ~m· 

22. 3 21.5 
811.Q :!06. 0 
'17.0 16.0 

• 169. 0 180. 0 
58. l 22.2 
2:H 61.2 

142. 7 •27.2 
I 34.11 '28. 5 

8.0 18. 6 
121:l. 0 7~. 2 

TABLE 161.-Run-off of Rio Grande at Ban Marcial, N. Mu. 
!Dral~ area, :U,176 !ICIU&re miles.I Unit, 1,000 a,,.,..,.feetl 

Year 

1890 ' ................ •·•••• 
1$1 '······················ l&i2' .•••••••.•.••••.••..• 
ll!IQ3 •••••••••••• - ···-· - ••••• 
189,1 •••.••••.••••••••••••••• 
~ ........................ 
111116 ••..•••••....•••..•••••• 
18117 .••..•••••••.•......•••• 
111111! ........................ 
l8e!/ ........................ 
lllCO •• - --··· - . -··---- -•• - • ·-
1001. .•..••••••...•••••••••• 
1002 .... ·------··· ··-·· -···· 
UIIQ3 ___ •••••••• -----··--. ---
'904 ••. -••••••• --- -.•..•• ·-· 
OO!l •••...•••••• -·- ·- ·-. -· •• 

,II06.,_ --··-···· - - - •••••• ----
1907 •..•..•• --····· ••••• ···-
IQ ............ ·- ...... ··-· 
11109 ........................ 
1910.. ---··· _ .. _. _ ---- __ •.•. 
1911. ·······--- ••••••••..•.. 
1912. ...••.......••• --- _ .••• 
1913 ••••••••••• ••••••• ••• - -· 
lGlL- ........ --·--····-··· 
91' .. ,. ... .. 
9lil---....... : ............. 

1 817 ··-··· ·····----- .••.••.• 
l Ql8 .................... -··· 
1 lll9. - .............. --·. --·-
I 92!L ..••••..••••.•••••.... 
1 921 ........ -.........•••••• 
l 1l22---·············--······ 023 •....•••••••••.•..•••••• 

ffl--··-····--·········-··· 
! 
~ 
1 
1 11211 ..•...••••• ----·······-· 
l 1127 ........................ 
1 1128 ... ·-- ••... •··•·••• --· •• 
l 1121/ ..•••••• ·--·········. ·-· 
1 113(1 ••• -- ••• -· -- •• ·--- •• -· •• 
l g:11 ........... - ••••• -·· ·- •• 
1 932 ..•..•••••••••... - -- -· •. 
1 1133 ••••....•••••••• ···- .•.• 
l 034 ........................ 
1135 ...•••••••• - .• ----- ·-· •• . l 

-·······--············· M 

Pel-lll!nt of ann11.aL ........ 

January FPbru· 
ary 

27.0 33.0 
40. 0 66.0 
34.0 4G.0 

123, 0 J 24.0 
• 13. 0 118. 0 
•33.0 53.8 
•40.0 39. l u,.5 :U.3 

57. 7 &;I. 4 
27.~ :iu 
40. 6 lffi.l 
21.0 26.5 
22. 7 17. 4 
17. 2 21.11 
Ul.8 18. 9 
119. l 113-9 
lNU 1111.1 
IIQ.ij ~.7 
a. e 48. 0 
41. 6 34.3 
61. 3 42. 0 
IIO. 2 36. 7 
M,3 44 .• 
zu 38. l 
111. l '-0.l 
::a.: :.8,) 
,1, 8 I 47. l 
45. 6 37,g 
28.0 22. 8 
34,. aa. • 
51.3 87. 4 
4,11.0 +4. ~ 
Ii& 5 48. 8 
4(1.9 4().1 
ae.o 77. l 
17.4 117.8 
411. 2 37, l 
31!7 32.9 
41l-6 47.0 
:IU 211-8 
44.8 nu .. , .a.a 
43. 7 &1.0 
ti. l l!3.6 
GU ffl, 3 
44.9 ll!ll. l 

37.8 n.e 
&lie 3.l!G l 

March APfil May 

61.0 l!IO. 0 000.0 
152. 0 mo 1,000.0 
72. 0 ~-0 l!Q5. 0 

'17.0 • 100.0 '330.0 
•311.0 I l2S. 0 • IIIO. 0 
129. 0 mo 223.0 
41.8 187. 0 1:k. 0 
40.8 213. 0 755.0 
82. 2 2710 1&0. 0 
27.5 154.l 35.0 
33. 2 6.8 l:U.O 
15. l 23. 7 ao 
8.0 40. l 211.8 

411.8 100.0 :.us. 0 
6.1 0 0 

218. 0 2711. 0 "2.0 
1,6.9 1113.0 601.0 
92. 5 223,0 389. 0 
n.4 124. 0 165. 0 
62. 6 UM.O 338.0 

144. 0 UN).O aoo.o 
87.1 92. 5 3CH.O n., 118.0 ll02. 0 
M.3 99. l 129.0 
1,5.9 '18. 0 ~7.0 
..3.; :7L J . . :94. ,) 

~ti4. u ' -44. 0 "88. 0 
31!1.8 lkl, 6 23\l. 0 
4,6,6 30. 5 117. 0 
75.a 315.0 m.o 
84.2 139.0 1176. 0 
81.8 +4. 4 216, 0 
116.9 81.5 mo 
52. 0 &U 306.0 
76.9 4i07.0 IIOll.0 
41.4 96. ll 113.U 
Ml. 0 118.0 440.0 
3,5. 4 134.0 317.0 
411. 7 40. 2 251.0 
43. 0 '18.8 276.0 
56.2 18G. 0 m.o 
411-0 A, l 92.8 
jji.2 233. 0 Ql.0 
47.5 18.8 9-U 
26. 7 2\1.ll 4. 4 
zu 21. ll 182. 0 

= 63.4 138. 5 318. 2 

6.62 12. 211 1 .:18.22 

. 
June luly .August Seem· October 

200. 0 M.O e1.o 37.0 8.0 
430.0 1311.0 15/l.O 92.0 13S. 0 
200. 0 44.0 LO 2. 0 0 
t25.D 10 •o '0 '4.0 
• 33.0 • 111.0 •o • 3. 2 I &5.0 
233.0 HU.0 1711. 0 i 2S.O • 23.0 

9. 8 28. 7 7. 3 7.1 45. 6 
aee.o Be. 0 6.1 114. 0 282.0 
1211. 0 1&7. 0 13. 8 3. 7 0 

l.O 21U 6.4 2. 9 . 7 
lliO. 0 • l 0 ~.I .l 
M.2 Ml.3 65.6 37.6 17. 0 
11.4 0 49.2 1&3 .8 

800. 0 77.8 3. l 1. 4 -~ 
0 10. 5 M.O 40 463.0 

714.0 36.8 20. J u 7.3 
345.0 118. 0 '3.2 ~.6 70.8 
524. 0 329.0 JM.O 161. 0 64.5 

11(). 5 t9. 0 9,5. 7 9. 7 :u 
2\10. 0 48. l 52. 7 1711.0 S9.7 
&.l 1.1 7.3 11.0 .6 

270.0 382. D 113. 2 39.2 313.0 
602.0 114.0 22. 8 7. 6 9.0 
96. l 6.9 .2 ~,g 33. l 

. :i2.o -:l!ll, 0 !I!.·: .:3. l -;; ~ 
,,,00. 0 . • ::0. J ' -ll.; . 7, ~ I 13. J 

JOI!. 0 4$. 7 ~-8 lB. 4 1112. 0 
3117. 0 174.0 6. l 7. 7 1.0 

117.2 22. ~ I. 7 0 11, 0 
1117. 0 us.o 81.8 6.8 33. 3 
863. 0 1711. 0 38. g 11.ll 14. 7 
M~.o :100. 0 168. 0 81.ll 2'1.9 
311.0 411.6 0 0 0 
221.0 28. 8 78. J 121.0 09.1! 
134. 0 50.0 7. 2 2.9 0 

a. e 1.8 21.3 27.0 32. 0 
mo 27.2 1.6 a. u 8.2 
1158. 0 1114.0 GIi.ii l!lll. 0 105.0 
!00. ~ .e 9.4 6.0 0 
132. 0 38. l 27&.0 n. o 123. 0 

82. 5 711.3 Al 4.8 ,. 3 
6. ) &. 0 u ®.O &U 

212. 0 1.57.0 IIO. 7 12. 2 Ul.8 
BO 66.2 87. g ~.S 15. IJ 

.2 0 31. 7 25. 5 .u 
368.0 38. 0 108. 0 114. 6 37.2 

230. 8 81, 7 48.9 41.2 52. 7 

:ll0.47 7.:lt I 4. 34 a.& t. 67 

October Novem· 
ber 

24.11 1!.'U 
137. 0 82. 7 
21.3 35. 3 

111. 0 &I. 8 
38.ll au 
42.2 8.5. 4 
33.0 '47. 4 
27.1 3~. 4 
18. I lU. 5 
43. 5 M.6 

No'i'em· Deoem-
ber ber 

---
27.0 n.o 
32.0 no 

2. 0 10.0 
•o 118. 0 
•o I Ji. 0 

126.0 • 38. 0 
12. 4 38.1 

l76. 0 153. 0 
10. 2 23.. 

11.5 21,8 
'.,U 10. l 

20. l 111. 2 
4. 6 11. 3 
.5. 5 18.9 

61. 8 41. ll 
42.. 34.3 
71. 8 811. I 
M.6 44. 7 
211. 9 38.4 
311.6 41.8 
8.9 1.3.2 

116.0 57.0 
27.6 ~,O 
35.2 24.9 
43. '.: '°·) 
:.-2. 7 35 ... 
lllU 48. 8 
14.5 28.4 
~-3 40. 7 
40.0 .55. l 
43. I 3!1. g 
37. 7 M.2 
0 12. 7 

lOt. 0 M.2 
3.8 15. l 

40. 3 -M.6 
8.8 31. 4 

81, 3 47.9 
4. 3 27. 8 

16. 2 6lH 
18. 0 30. l 
2U t7.9 
31. 6 37.3 
23. 0 411.2 

2. e ll'l.8 
51. 2 1!3.6 

M.~ 3S. 4 

3.05 3.41 

Decem· 
00 

48.S 
1!112 

• 34. ~ 
74. 5 
33.2 

'411.3 
144.3 

80.3 
32. 4 
44. l 

Annual 

---
1,317.0 
2,488.0 
l, 269. 0 

1141.0 
510. 2 

J,390. 8 
581. 5 

2,215. i 
\Wl.4 
ZID. 8 
467. 0 
GM.2 
200. 6 

l, 271.1 
700. 6 

2, ,21. 2 
I, 5113. 5 
2, 15& 5 

774. 0 
l, 279. 4 

853. 5 
1, 71MI. 9 
l, 500. I 

·. :~:f 
'J.'\3.d 

l, 1148. S 
l,OM.6 

411.2 
l,5'111.4 
2.222 4 
1, 1125. 4 

\IG3. 0 
l, 223. 6 
1, 4.38. 0 

418. 8 
1,041.5 
1,349.0 

500. 6 
1,464.6 

?31.0 
ffl. 8 

1,31!11.5 
7H!.O 
2+4. 5 

1,009.5 

1,127.7 

161 

A.!UlUa,{ 

-
1,535.6 
1,943.6 
1,002.6 
l, 432. 6 

921. ll 
G20.; 

l, i3!. 8 
846. 2 
3711. l 

l, 18,. ~ 

Annual 
run-off In 
pe~nt 
of mean 

116. 
2:IO. 
112. 
•&. ~-

123. 
51. 

100. 
115. 
21. 
41. 
58. 
17. 

112. 
62. 

!!It. 
138. 
191. 
tlS. 

113. 
70.. 

159. 
133. 
~-

.I}! . 

8 
6 
5 
0 
2 
4 
6 
5 
2 
3 
4 
2 
8 
7 
II 
7 
6 
4 
6 
5 
7 
6 
0 
6 

.:10. 0 
14ll.2 
113. 5 
38.5 

lW. l 
187.1 
144, J 
llfi,4 

108. S 
127. 5 
37. l 
92. 9 

ll8.6 
52. 4 

1211.9 
&I. 8 
43. 4 

124.1 
15:U 
21. 7 
111.3 

-------- ~ ~ 

100. o I·······:·· 

co - 003113 
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162 Rio Gra'IUU Joint Investigation 

Year 

Tuu: 162.-Run-off of Coatilla RinT near Coatilla, N. Mc:. 

!~ an& ffl ,Q1l&re m.lle:i. Unit, 1,000 Mft-feetl 

.Tanuarr February Much April May .Jul)· October Nov~m· D-m-
~r her A; 

-------------1---- -------- ------------ -------- ---- ---- -------- -
JVII ••••••••..•••• ._ •••••.•. ._........ 11.0 11.0 2.3 13.5 7.0 8.0 t.9 3.2 2.0 5.2 2.1 11.0 3&2 
11112.................................. 11.0 'l.0 1.9 4.8 20.2 20.7 7.e 3.2 2.2 2.0 12.0 'l.O 57.6 
1113 •••••..••••••••••••••••••••••••••. ll.O 11.0 1J.8 6.0 IU 4.4 1.8 I.G .9 1.1 1.3 1.1 28.5 
1914 .................................. 1.3 l.2 2.7 t.1 13.7 7.8 7.3 G.1 11.e 11.4 11.0 11.0 ~~2 
191~.................................. 1.2 1.1 l.7 7.7 17.7 24.0 3.8 4.7 1.C I.fl 1.5 IJ.3 69:V 
1916 .•••••....•••••••••••••••••••••••. 

1 

1.2 l.l 2.0 6.6 Ul.8 11.0 4.8 4.0 1.5 l.4 I 1.2 l.2 4U 

till::::::::::::::::::::::::::::::::::,--· ... ~: ....... ~ : ....... :: : .. ·····: : ...... ::: : ...... ::: : . ······: : ....... ::. ····-· ;; : .... ··,· :; : : .: ... :. ;;: .... --i~{ ::::.:ti 
' Partial record exrnided, 
Re.:mds from lll20 report by Oeorge M. Neel to Costilla Estnw:s. 

T,1.1n,E 163.-Run-off of Rio Colorado near Quuta, N. Mn. 

[Dramace area 112 SQ!lllf'I! mlli!S. lillit, 1,000 aCTe.feet] 

Seplem· October ?\o\'em-1 D_n,. 
her be bl!f 

-------------1----1----111 ___ ---------·1----i----1----1----1----1----
April May 1une .July Annual 

1912 ...................................................... ··-······· ••.•••..•• ······-··· ••••••••.• ······--·· .••••••.•• ···-······ {'} l.~ 1.2 ·••••••••• 
11113..... ... .... ... . . .. . ..•.•... .. .... II. 2 JJ. 1 11. 4 2. 7 ll. a II. 1 !U l. S l. ll l, 7 l 4 •. 7 2'11 
1914 ...................................................... •••••·•••· ··•••••••· ---······· ······--·· ···•••··•• .................... -·······-· .•..... · ...•••...••• •••••·•••• 
lllli .................................. •l.l l.2 1.3 3.7 13.0 15.8 7.~ 4.4 2.ll 2.0 l.G 31.3 5.5.9 
11116.. ................................ l.U l,ll 2.4 4.8 25.8 20.2 8.8 ll.O 2.7 2.5 :t.O 1.2 76.9 
l9l7 .................................. 1.7 1.2 1.3 1.8 8.3 17.5 8.0 2.11 l.7 1.3 .9 .8 47.l 
11118.................................. 1.2 1.3 1.2 2.2 10.2 U.7 U 2.11 2.0 1.5 1.0 .~ 41.2 
1919 ...•••..•••••••••••.•••••.•....... ,ff 1.1 .II 2.4 18.7 12.6 12.3 4.5 2.1 1.7 1.3 1.8 M.7 
1112() .................................. 1.7 1.t 1.7 3,4 111.0 ll.3 3.G 3.7 l.8 1.7 l.~ 1.4 411.7 
19:ll. ................................. 1.5 l.~ 2.2 2.8 U.7 29.2 8.7 ft.4 4.0 2.1 1.5 1.8 lOt.5 
um.................................. 1.9 1., 2.7 2.9 s.o a.c 3.o 2.a 1.s 1,3 1.2 1.2 :12.11 
1923.................................. 1.5 l.7 2.4 2.R 11.V 10.2 15.0 3.2 3.2 3.2 2.1 2.5 49.7 
IWL................................ 2.7 2.0 4.4 11.2 21,7 19.6 18.2 1.9 1.8 1.9 1.7 1.5 !111.6 
llnL ................................ 1.2 U 1.8 3.0 IU 3.3 2.~ 2.4 2.l 2.0 1.5 1.5 27.11 
1926 .................................. l.3 '1.4 12.0 1,7 t2.0 IJ.8 tl.4 IJ.0 
lll'l'I'.................................. l,l .G 1.6 11.ll 10.3 9.2 4.1 2.:, 2.6 12.0 iJ.3 l.l 
1928 .................................. H.4 11,3 'l.3 •2.0 {1.3 7,R ft.O -12.& 1.9 l.3 l.3 1.1 
11129.................................. 1.2 1.0 1,2 2.5 18.6 Ill,& 14,3 ~.I 4.~ 2,6 l.8 1 J.4 
19:40 .................................. 1.3 1.1 11.3 8.9 'I.O 6.5 4.1 7.4 3.1 2.3 U 1.5 
U131.................................. 1,4 1.2 1.2 2.l 6.0 &.~ 2.5 1.3 2.5 3.1 1.4 1.1 
193L ................................ •1.~ 1.4 1.8 8.~ lll.5 •12.0 f>.7 11.0 2.0 11.S 1.8 1.1 
11133.................................. 1.3 81.l l.2 1.5 4.0 8.2 4.2 1.9 1.5 1.4 1.1 1.0 
1934.................................. 1.0 1.0 l.2 2.1 3.R 2.S 1.8 11,6 IJ,7 J.a ,U .9 
Ul35 .................................. '1.1 '1.0 11.1 •2.2 7.0 19.0 t.9 2.g 2.0 1.9 1.2 1.1 

' Partial nioord. 
I Elli!mated, 
I Part!alJf estimated. 

41. 0 
3.5. 2 
ta. 7 , .. 

:tecords a.• 9ublished by 1J. S, Oeoloi:ical Sun,ey: ?1nlous to October 1913 from U. S. GrolOl(iC!ll Snrvev Water Supply Psoer No. :m: 0ctobet Hi30 to Sep~:mber l!JJ~. 
~-e::s .. ran:: .. 1ctober ~~13 ~o 3ept.e~ber :JSO '.:or= :-eoort! ;f '.'iew :ife::o~ .J:ate &UP,ll&er. . . • · 
:-ia...."'Oras .;row Jctooer J 1134 to ~eeernoer 1~5 are p.rovu.icw.al ieOOrds itll11isbe,a by O. J, JeoJ~1cs..l Survey. 

TABLE 164.-Run-off of Rio Colorado below Quala, N. Mex. 
!Drmiate llll!8 1117 IIQIW'e m!Ja Unit, 1,000 llffl-f!et.J 

Year luuary February Marci! April May 1une July Aucust Se~em· October Ne>VeIIJ• Decem· 
ber ber 

1912 .............. ----······-- --·· •••• 2. 8 2.l 2. 4 3. ~ (') 

1913 •• ··········--···········- .••••••• 
~14. ·-·-···-·-. ·········-- ••••• ··--·· 
1915. -- ••••••••••••••••••••••••••••••. 
1916 ............ ------ •••••••••••••••• 
1917 .................................. 
!GUI. •••••••••••••••• ---·············· 
IUIV •••••••••••••••••••••••••••••••••• 
1mo •.•........ ·-------·······--······ 
11121 .................................. 
11122. -· •••••• ·-. ····-· •••••••••••••••• 
1923 •• ······-· ••••••• -···---······----
11124 ••• ···-···· •••••••••••• ···-·····--
11125 .••••••••••• ·------····· •.•• ·····-
11126 .................................. 
11127. ····--···- •••••••• ···-- ···- ••••.• 
11128. -· ·-·-·-----··· -------- •••••••... 

I PartlaJ lliOlll'd. 
I Elltimat.ed, 
I httl&UY•~· 

1. 8 l. 3 
l. 3 l. l 
1.8 1.5 
u 2.1 
2.0 I.U 
1.3 I. a 
2. 0 l.8 
2. 0 1.8 
1.4 l. 6 
1. U 1.11 
u l. l 
.6 .7 

1.3 1.4 
.II 1.3 

1.1 1.7 
'· g I 1.2 

l.6 3. JI 7.2 
l. l 8. g 19. l 
l. 7 4. 8 11.0 
3.3 6.JI 18. 0 
1.8 3.2 12. l 
l. 8 2. 7 10. JI 
2.0 G. 0 Ill. 7 
2.0 3.3 21.JI 
2. 2 3.1 :au 
2. 3 3.1 · 8.1 
1.4 l. 8 12. 7 
l. 8 2. JI 21U 
u 8. 2 '1. 7 
l. 7 7.2 IU 
D. 2 6. a 18.0 

• 1. 7 3.4 uu 

~ pravlooa to Odohu 1913 lrom ti. B. GeolOBfcal Survey Wllter Supply Paper No. 358. 
~tram Od.ober 19.IJ to Deoimibe.r lffltrom rel>Ol1,a or Ne• Mel.WO lit.ale eql1*r. 

G.l 
10.3 
~4 
iv.a 
ls.J 
11. l 
12. 7 
112.3 
::116. 7 
u 
9.2 
k2 
8.4 

JO. I 
111.9 

---------
2. 5 2. 6 2,g 2.5 1.6 1. 5 
2. 8 l.~ l. 3 l. 7 1.3 l.l 
6.0 4.4 3. 0 :u J.8 1.2 

10.3 .. 4 3. 0 :u 2. J 1.8 
J2.4 6. JI 3. 2 3. 7 2.8 2. 2 
IU 3.3 2. b 1. g l. 7 l. 3 
7,4 2.8 2. 6 2.1 J.9 1.9 
8. & u 2. 7 2.8 2. 2 u 

11. 7 u '- 5 3, l 2. 0 1.5 
s. 7 7.1 3. 7 3.0 2. 2 2. J 
1.4 2.3 l. 4 J.5 1.4 1.3 
u 3.6 2. 7 2.1 l. 7 1.0 

12.8 s.e 2. 3 2.1 2. 0 l. 9 
1.9 2. G 1.8 l.1 I.II 1. 6 

.3 a. 8 3. 2 1.9 1.1 
7.9 I.? ~ • .5 8.8 :1.2 1.0 
t.JI t.O 2.6 1. 7 • 1.2 •.9 

co - 003114 

Annual 

---
•••••• 30. 7 

M 
i6. 
IIO. 

8 
2 
9 

511.4 
47. 
62. 
00. 
82. 
33. 
44. 
15. 
33. 

--··· 61. 
eo. 

3 
II 
2 
2 
0 
0 
0 
II 

7 
2 

TX_MSJ_000194



\'ear 

T.uLJ: 165.-Ru11.-off of Rio Hondo a.t Valdez, N. Ma. 
lDnlllllCe - as ;&qtlffl! milu. Ulllt. 1,000 _....,._t,J 

Ma:v 

163 --
------------1---- -------- -------------------------------
1915 •••••••••••••••••••••••••••••••••• ·-······-· ··-······· •••••••••• •••••••••• ----······ •••••••••• -········· .......... ·····----- .................. .. 
11115 .................................. 0.8 0.0 1.<& 2.7 10.8 12.5 (1) (I) (I) 1.4 
1917 .................................. J.O ,8 .8 LO a.a (1) 8.8 0.8 0.7 0.2 .a 
1018.................................. ., .a .8 .11 a.2 11.2 2.7 .a .5 .2 .7 
mu ............ -------·-----------··· .11 .s .7 1.6 11.1 '-41 2.4 .7 .3 .6 .9 
1920.. ................................ 1. 2 l. l . 7 1. 4 7. 0 7. 4 2.11 • 7 • 6 . 4 • 4 
11121.................................. ,7 .6 .7 1,0 6.8 11.7 2.4 3.9 J.9 .8 .7 
11122 .................................. ,7 ,6 .7 1.0 2.7 2.0 .3 .3 .2 .I .2 
!923 ••••..•••.••••••••••••••.•••••••••• e .5 .5 1.1 e.1 a.o .& .6 .1 1.2 1.0 
1924.................................. .8 .6 .7 :u ,,.. 8.3 3.1 1.2 l.J 1.J .8 
1112.5 ............. _................... .II .9 .II 2.2 1.2 ,7 .3 .4 .2 .2 ,7 
1926............ •••••••••••• ........ •• • 6 '· 5 t, G 2. 0 8. 0 JO. II i J.11 t. ll . 7 . 5 • G 
11121. ............. •••••••••••••••••••• . s .1 1. 3 a.• e. 2 e. 3 1. 2 • 5 1. c J, 4 • a 
1!128 ................................ ,. 1,7 •.II .8 1.0 8.7 3.4 .3 .4 .2 .l .4 
1m .................................. 1.6 1,15 .7 u 4.7 15.2 .e 1.• 2.4 2.1 1.1 
1930.................................. . 7 .6 .II 3.1 2.4 3.2 1.6 2.6 .~ .5 .e 
11131.................................. .6 .6 -~ .7 l.3 .9 ,2 .3 J,4 2.1 I.II 
11132 .................................. l.l .II l.4 f.! 11.7 6.4 1.7 .II .6 .2 .4 
11,133.................................. 1,6 I.fl ,fi .5 I.G 5.1 1.0 .5 .3 0 .I 

(I) 
0. 9 
.5 

1.0 
1.0 
l. 8 
.7 
• 4 
.9 
.8 
.8 . -:ii 

i. 7 

'· 8 
.9 

'.9 
.6 
.8 

10. 7 
18.2 
25.0 
28.9 
9.2 

18. 7 
:I0.4 
II. t 

211.6 
2U 
15.5 
21.6 
17. 6 
l(U 
28. 2 
ll. 7 

193-4.................................. .6 .5 .5 ,7 1.8 .t .2 .2 .3 .......... ·····--···1----··---· ......... . 

I PwtJ,al record, 
I Eltu:aated, 
I PtlnlaJJyl9Um,.ted. 
Recmdll from December J9l5 to &~Iler 1830 ft'om nlJCl1a of New Merloo St.ate engineer. 
RecordJs fl'Olll October 15130 to Bepwnber 11111,'k from reporta of U. 8. Oeolociall Sw-ve:v. 

YIIIII" 

TABLE 166.-Run-off of Ria Homl.o m Arroyo Hondo, N. Ma. 

[Dralnap uea, 71 IQU&111 mJlal. Unit, 1,000 acre-feet) 

May July 

------------1---- ---------------- -------------------- -------- ----
11112 .................................. ---------- ----·----- .......... -··------- ----·----· -----·---- 2.3 1.8 l.6 0.5 
1913 ...................... --·---- ••. . . 0. 7 0. 7 0. 8 1. 2 2. 8 2. 6 l.il .5 • .5 .6 
11114... ... ................... ......... . 8 J, 8 1. 0 1. I 3.1l 3. J l.G .8 ,,5 . ; 
ms.................................. 11. o . e 1. o a 5 10., 115. 5 3.G ,8 .a .6 
1916.................................. 1.6 J.6 2.5 '-II 15.0 l3.0 !1,11 1. 7 1. e 1. 7 
"017.................................. l.li l.3 1.3 l.4 '-' 9.6 2.11 .o .ll .5 

·s.. ................................ , 8 . II 1.1 1. S '- J f. 4 
~-----············-------· ···------ 1.1 . 7 1.0 2.3 7.~ IS.4 .0.................................. 1.11 1.4 ,8 1.a 11.t 115.1 

l.3 .6 .7 .7 
3.5 .8 :a 1.3 
ll.2 1.0 .II .5 

• ..:Zl. ........... ........ ..... ......... • II • II • II . II 1. l 10. 4 (.1 3.8 2.0 .II 
111:2:2.................................. 1.s 1.0 1.0 1.a 11.~ 1.9 .3 ·" .3 .4 
11128.................................. .6 .7 .II J.8 7.~ 15.3 1.3 1.5 2. 0 2. 3 
1m.................................. 1.0 .9 1.a 2.11 10.a 1.0 2. 7 ,6 .9 .8 
im.................................. .7 .a 1.1 1.11 1.2 .4 
lffl ......................... --·····-· 1!.0 •.11 11.0 •2.1 a.; •e.3 

~:g:::::::::::::::::::::::::::::::::: -·~ ..:; ~:~ ~J. :J ~; 
.~: ::::::'.::::::::::::::::::::::::::1· ·'\ II I ;j I ~:i 'I : ~ I' t; I d:g 
llJil.4 .......................... ,....... 1. 0 .8 .II .6 l. 3 .6 
11135 .................................. •1.0 1.g .9 LO '-0 7.8 

-4 .3 .3 .9 
1. 7 I.~ 1,6 -~ . ' . _,, <.-1 

.l ' 
:. 41 .JI 

l.1 I _g I 1.2 .6 .6 .6 
1.3 ,ii • 7 • 7 
l.G ·1.0 J. J l. ll 

·~. 
I hrl!alJ:, IJllldmated. 
• Pll1llal flllCIJrd. 

ll.-ds u publlsbed b:, U. s. Oeolotrleal Baney: l'reTlllWI to October ID1S l'rom WIiier Supply Paper No. 358; Jullal")' 11132 to Sep!Mlb« 1934. 
~ from Odober ma to Decunlioer Jll28 l'rom l'B1l(llU of New Mextoo State eDRimer. 
~ frcm October 11134 to December 1113.5 are provlllcmal noords tm'Dl&bed b)' U. S. Oeoloclcal SlirVe)', 

TABLE 161.-Rtn.,.oif of Rio Ptublo tH Ta.oa ,aeor Taa,, N. Mex. 

[Dralua-. 117 11qwin m!ln. Un.It, 1,000 ICll'&-flilllt] 

J'ul:r 

0.11 
.II 
.8 
.7 

1.e 
.5 
,6 

].5 
• 7 

1.1 
,4 

2.0 
,8 

1.0 
'7 

:.J 
I I 

• y I .6 
'· 6 .ll 

1.a 
.7 
-11 

I 1.3 
J. 7 
l. l 
.s 

l.G 
1.1 
1.3 
.5 

l. 5 
.II 

1.1 
.8 ~." . ., 1.:: 

,,g 
,II 

• l. 0 
J. 2 

13.3 
U.11 
311. 5 
49.6 
25. l 
17. • 
27. 7 
lltl.2 
U.1 
11. 7 
27. l 
llO.O 
9.8 

21.B 
~l 
:;. u 

14.il 
11. 7 

::12.6 

------------1----1----1----1----1--- ------------------------
11111. ........... :..................... 10.4 0. 7 
191.2 .................................. ---······· --······· 
1913.................................. 1.6 1.7 
1914. ···--··--·····----···········--·· . 4 , 4 1916.................................. . 5 , 4 

1.11 a.a tl.O II.II 1.5 1.2 1.0 2.8 l.5 11.2 27.6 

(!)1.8 r.: 11U (l)u :: J :: 1J ':i J ..... 12.8 
1.0 ····-··--· (!) 1.6 L, !.& .G .6 .a .Ii 
.II 4-1 8.7 1.1 1.11 1.1 .7 .7 .5 .II Jll.l 

10111 .............. ······---------···· .15 .15 2.0 '-II .......... --···----- .......... -···---··· ·-····---· ...... , ....................... ---··-···· 
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164 Rio Gramde Joini Investigation 

TABLJ:. Ul8.-Run-oif of Rio T- ct Lo3 C~, N. Mu. 

(DnJ.l:uap ml& 359 aquare miles. Unit, 1,000 e.cre,.flletJ 

April May July Anowil 

-------------1----l·---·l----1-------------------------------------
1110 .•........••.•••••••••••••••..••••.. ·--- .••• ·- •••••••• -------- .. (') 11.3 0.1 0.1 0. 2 0.3 0. G 0.11 l. 2 
JDU ...•.•.....•...••.••...•.••... --·· • 1.ll l.3 S.2 
11112.................................. 1. G 2.2 4. 3 
11113 ..••.......... --·····-············ •1.& J.6 2.8 
19H .•••••••••..••.. ·---------- .. •••.. l, 11 1. 5 2. 4 
11115.................................. 1.11 2.5 S.I 
1916.................................. 2. 8 11. 3 li5 
11117.................................. 2.4 2.0 2.3 
11118.................................. l.4 1.6 &4 

e..2 lll.3 Ii 1 il.6 
8. l :Z-7.2 l,U u 
&.o 4. & 2. 8 .4 
6. 8 25.0 6. 7 2.4 

13. 7 30.3 22.3 1.5 . U.1 ll'.6 8.1 1. 7 
2. 1 6. 4 7.2 2.1 
4.3 IU G.8 1.3 

u l. 5 s. 4 IU I), 2 411. 3 
.b • 7 I. 5 1.9 2.3 &.& 
.5 • 7 l. 5 l. 6 1.2 211.9 

l. 7 l. l 1. 5 1. 6 l. 3 6a.8 
l. 0 1.0 1.2 l. 7 2.1 112.2 
1. II l.4 u 2. 0 u 1111.6 
.7 .6 .8 l. 4 1.1 llll.i 

1.0 1.0 1.1 1.3 I. b a.u 
ll'19 ..••••.•....... -···········-······ 1.8 2.2 il.2 10. 3 21.6 11.3 G.11 3.2 1.8 3.2 2. 8 2. 7 70.9 
1920 ••••••••••••••••••••••••••• -...... 2. 7 a a 11.1 7.2 :mu 13.2 ,9 l. l l. 2 .2 .~ _.,. Ga. I 
11121 .•••.••..••••.......••..•.••...•... 5 ,& 1.0 ,II 4. & 8.11 3.4 5.1 2.3 l. 2 .4 .3 28. 8 
11122.................................. .3 .4 1.2 1.0 .8 . l .o • 3 .o .ll 1.2 1. 7 1. 6 
1923 •.••••...............•....•.... -.. 2.1 .0 l. 7 1. 7 6.8 2.6 .5 1. 2 1.3 2.0 2. 6 2.4 25.9 
J!n4.................................. 2. 7 2. ~ 2. & ll .• 111. 3 6. 6 1.1 1.1 • 7 l. 2 l.6 1.e 51. 7 )112$............................ ...... 1, 5 2.0 3.1 2. 5 .11 ,3 .3 ,2 .6 .8 1. 7 I. 6 16.4 
111211.................................. I J, 8 
11127 ••••••.....•...•.•.•. -............ I J. 7 -··· • 1.6· ·-····2. 7 .... 6.9 • IO. 1 •••• 5.1 ••••. S ,l .9 I. 1 '1.3 IJ.U • ····31,, D • 7 1,4 11.9 'I.S • l. 5 
11128.................................. a 2.2 12.8 12.4 2.1 H.4 4.1 .3 I, 4 1,4 '.6 1.3 'I. 6 au 
111211 •• _............................... I. 7 1. 7 3. l 4.11 12. 7 II. 8 . ~ 8.5 4.3 3.3 2. ft 2.4 47.5 
l!DO.................................. 2.2 2.5 2.7 ~5 6.1 2.5 2.5 2. 3 I. I 1.6 l. II l. 9 33.8 
11131.. .•.•••••••• ••••••••••••••• •• • ••• l. 7 2.1 2.1 2.2 2.2 .e .3 .5 2.2 u 12.0 2.3 21.3 
11132 •• --····························· 12, 3 4. 2 s. 0 14. 2 21. 9 6. 6 2. 2 1. 7 1.3 1.6 2.0 a 1. 7 63.6 
11133 •• --······························ 1 1. 7 • I. 8 2. 5 I. 2 8. 6 6. 4 I. 6 .8 1.0 .II 1. 3 l.S 24.2 
1804.................................. 11.6 II. 7 1. 4 • II . II . 5 . 3 1,3 .6 • 7 1.1 1.0 11.0 
lll.lll ..•....•••.••••.• -................ 1.9 1.4 U 1.G 13.6 13.0 . 7 1.1 1.4 1.4 1.8 1.11 .0. 7 

, Partial NICOl'd. 
I Estimated. 

Bamrds a.s publisbed by U. 8. Oeol04rlcal Sllf\'e}': Previous to October 11113 lrom Water Supply Paper No. 31i8; October 1U30 t.o Beptembet 11134. 
Records from Octobet 11113 to Bei;,tember lll30 from reports of the Ne..- Mexico State engineer. 

I Partially estimaud. 

Year 

Reoords from October 1934 to 0-mber l9illl llff provbioul noordlS fu.rnlsbed by U. S. 01!Dloiric:sl Sun-ey. 

TABLE I69.-Run-off of Rio Lucero mar Arroyo Seco, N. Mtx. 

[Dtalna~ &fea 17 squa:re miles. Unit, 1,000 RCre-feell 

llll)' n.eem
ber Annual 

------------·1----1---·!----I·--- ---------------------------
11110 ••••.••.•..............•.•...•••.• ·····••••• ••••••..••••••••.••• •••••····· ••••·•·•·· ••••······ .•••.••....•••••••...•.•••••.•••••••••.•••••••••.• 
Jill.................................. o. 4 0.4 0. 7 1. 5 4.4 4. 7 3.6 2. 4 l.& 2. 7 1. 4 
11112 ......................................... - ... ··--····· (') 1.0 4.7 .5.7 2.5 1.1 .7 .5 .4 
1813 ............. -.................... 1,4 1,4 •.4 1.3 2.9 2.8 1.3 .II .8 1.2 .8 
llllL................................ .5 .3 .8 11.i 4.7 &.4 2.0 1.6 .9 1.0 .6 
mL .•.........•.....•..•••• ·-······ .4 .3 .IJ 2.0 3.J 1$.9 3.2 1.G .7 .~ .11 
111133 •• ·•·······••••••••••·•••••••••••• .......... ··--······ ·•·•·••••· .••••••••.••••••••.•.••••••••••••••••••• ·······-·· •••••••••• -···--···· (') 
1804 ............ ·-···················· •.a •.2 .e 1.a 2_g 1.a .7 .1 .7 .e •-• 
193.L................................ 1,4 •.5 .IJ 1.2 2.6 6.2 2.1 1.2 .9 •.? 1,5 

(l) 
I 0. 9 

.4 

:I iii.o 
• 7 20.9 

•.4 
•.• 9.8 
I, 4 17.3 

:?3.rt1a1 tacora. 
• Estillla.tod. 

,;t..:,oro a~ ;;molisbeo ~Y ·:. 3. Jeoi~cru ~w .. ,e,,.?:-e\'!OU.S to 0eu>oor·.~J3 irom Yater 3upp1y Yal)el' 3o. ;.58; :-.ovember !933 co 3eptemr>er '.!l.l4. 
itecQrds trom October 1~13 ,to D-eciembe:r mm from repons 01 New Mexico Staie e!lglDfler. 
Records from October 1934 to D«ember 11135 are provl.!lonal rerords lu.rnisbed by U. S. Oeologieal Sun-ey. • Partially estimated. 

Year 

TABLE 170.-Run-oif of Rio Fernando de To.or mar Taoa, N. Mex. 

{Drail111.11e area !It square mlles. tJnll, 11:ffl-fl!etJ 

J11J1usry Febnllll'r March ,\prll June Julr Seoiem• October Novem· 
lier tier ~- ADllUal 

------------·1---- ---- ---- ---- -------- ---- -------- ---- ---- ---- ---
llill2 .. ••·••••••••••·•·•••·······•••••• ···--····· ...•••••••.•••••.... ••••··•··· ••••.••.........••.. ···••••••• •••••••••• •·••·••••· 
1513... •••••..... ... ..... ....••• ••• • .. I 42 411 2iG9 1, 3-40 1122 672 218 133 lll 

1:ll:)8 121 1611 
••••• 11,234 235 177 fl6 

lOH.. .••.....•...........•••••....... HI 127 II03 2,130 11.. 'l'lO 643 15:11 4117 :M6 
11116.. ................................ 182 lllO 303 2,710 11,:IOO 2,330 fl39 ffil 284> 

243 118 1156 Q,313 
200 182 143 1.2, 769 

191L................................ 232 111111 96'.i 2. :IOO t,:mo 700 303 398 :M9 
11117.. •..•••.•••••••••••••..••..•.•... 123 125 271 434 l, 100 421 112 66 44 
11118.................................. 14 47 57~ 003 1.S20 461 "311 107 ll.2 
19111 ..••••••••.... --·················· 1.23 'I'll lllG 8,50 11,500 1,200 1,110 M ffl 
111:lO.................................. 218 1116(1 Jl31 1,620 t,260 l,«!O 847 4W :US 
1921... •••••••••••••••••••.••••.•..•• 248 B IIIO 100 1,470 l, 5l!IO 8'0 752 271 
11122.................................. 221 1211 880 1,:l3il0 920 179 584 ll!O 27 
11123 .•..••..••••••••••••••...... --···· 67 lllll DO li80 1,030 190 82 38 47 
11134.. ...••••••••.....•.....•••..••••• 113 180 113 2, 2IIO 7411 142 805 MO 44 
11125 ..••••••..•.•••• - .• ·---·-----····· 110 110 6116 316 116 53 100 &II 41 
lll:lll.................................. 38 81 299 3.397 7,W 2.108 UlO 12il 1111 
1927 •••••••..••••• --·······-··········1 52 123 2119 803 603 292 188 1111 115 1928.................................. I fa 137 888 1,007 2,707 1122 230 190 114 

2511 142 111 10, 1111 
47 28 19 2. 790 

lb2 172 152 4. 3M 
m Z1tl :1311 13, 83e 

113 157 1411 10, 6119 
212 174 456 1,872 
22 38 158 4.211~ 

580 3211 ,1 a.. 731 
37 43 13 4,349 
88 101 117 l, 758 
73 105 '8 14.1184 
73 !II 1118 . 2. 744 
4!6 129 1118 5,MO 

co - 003116 
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TABLE 171.-Run--oif of Embudo Creek at~. N. Mu. 
[Dra.illll,lte area 30S squan mill!!!. tJoit, 1,000 IIC!'f-teetJ 

July .o\UiUSt 

165 

.Alll!Ual N ovem· Decem• 
ber ber 

------------1--------------------------------------------
11123 .. ·······························- ·········- •••...•••. ·····-···· ·····-···- ·········- .................... ·········- ······-··· 
lll24.................................. :u 2. 7 2.3 J!I.O 24. 0 Jo.·, 2.0 .2 l. i 
1112S ••••••••••.••••••.•••.••••••.••••• 2.1 2.6 2.6 -~-l 2.3 l.11 0.3 5.8 , .• 
1!126.................................. 1.6 2.0 3.11 6.11 13.8 8.4 3. 2 0.6 3.S 
1112i ....••••••••.•••••••••••....••..•. 1.5 l.i 3.1 15.3 16.3 5.3 2.0 l.O 2.6 !~.................................. IA L• 2.0 8.f 21.4 19.3 I .8 3.1 1.4 
111211.................................. 1.6 l.2 1.9 t..7 l9.5 8.5 '3.8 l~.8 11.3 
lll30 ......•••••••.•••••••••••••.•••... 2.0 1.6 1.; 111.4 8.6 16.8 15.7 G.2 2.0 
1931.................................. l. 5 l, 3 2.0 6.6 18. l 7. 7 2. 2 1.9 5.4 
11132 •••••••..•••••••••••••..•••....••• 2.2 4.2 6.7 21.9 '215.3 111.2 13.0 4.8 3.1 
1933 ....•••••••...•••••••••••.•.••.... I., 1.3 l.2 2.0 '6.3 '14.1 13.1 11.g I.I 
1113-4.................................. 1.7 1.2 l.4 2.2 l.9 .7 .3 .5 l.2. 
1935.................................. 2.1 U 2. 3 g, I 30.0 29. 5 S. 3 il.O Cl.I 

1 J'lll'li&lly estlmal.ed. 

Record!! rrom October 1923 to Septemller 1830 from re11or1s o! the :Ke?.· :Me,ico Slate engin-. 
~ds !tom Ocww 1930 to Se1,1emoo 11134 from rtports of U. s. Oeolorical Sun·er. 
Recol'ds from October 193-4 to lli<--ember 11135 llN.' pro\'islonal records fum1shed by U. S. Oeoloriral Sur\'ey. 

TABLE 172.-Run-off of Rio Chama at Chama, N. Mu. 

[linit, l.000 a<n-footJ 

5.3 
2. 0 
5. 4 
2.6 
2. 6 
1.8 
5.2 
2.0 

15,g 
3. 6 
l. i 
l.3 
'.O 

1.6 1.6 
2. 0 2.. 2. 70.8 
2. 4 1.9 42. 8 
I. 7 l.6 ro.o 
l.5 1.6 M.4 
2.1 J. 7 5-1.8 
3. 5 3.2 75.2 
1.6 l.; 51.3 

I 2. 7 1 2. 7 .59. 0 
2.1 1.5 W.5 
1.; 2. 0 38. I 
l. I l. 5 l!.O 
l.9 2.0 102. 8 

J1111uary I February Marcil .April May Jlllle July Septell:I· October Novem· Decem-
ber ber ber AJmu.e,I 

-------------1----1·--- ---------------------------------
11112 .•••••.• ·•••••••·• ....................................................................................... ·-··· .. .. 
11113. •••••••••.••• •• • . . . . ... •. . . .. •••• • 0. S '0. 6 l. I 13. g 25. S 12.4 3. 0 I. 6 
191(.................................. •. 7 '. Y 3.8 )8. 7 47. i 23.0 ft. 7 3.9 
1915.................................. •1.5 •u •2.s 22.6 as.2 35.~ 10.9 3.t 
1918.................................. .......... .......... (I) 29.Z G2. i 34.3 11.5 5.5 

I Partial tecOl'd. 
I Estlmat.ed, 

Becor<b pnvlou.s to October 1Ul3 !tom l'. S. Geol"l!ical Sun·ey Water Supply l'sr,er No. ass. 
B.eeon:I~ from Octo~~ 11113 to Septttu~r !PlU from reports Of Ne"· l\Ie1ieu State en~in•er. 

TABLE 173.-Run·oif of Rio Chama at Park l'iew, N. Me:&. 

[Drsi~ M'lli 405 ~r1uare mile.. Unit, 1,000 =·!ectJ 

.Aprll May June July 

(') 
l. 4 
4,0 
2. 0 
3. Z 

1.8 
2.1 
1.0 
l.3 (I) 

l. 5 
l.6 
3.2 

0. g ········-· J.3 ~.3 
l.8 121.4 

-------------1----1--- --------------------------- ---+----
191"······--·--········-·············· .............................. ···- .......................... ···•••···• ·••····••• ···••··•·· ··•••····· 
!1113.................................. 'l.R 12.5 4.3 41>.6 ~. ! :l'(l,J 4.5 2.J 2.4 ~.6 
lllH.. ..•••••••••••••. .•.•••• ••. .••.•. I 3. I '3. 0 11. I ,00, 8 ]3.1. 0 f8. 6 12. 9 7. 3 7. 0 12. 2 
11115 ••...•••••••••••••.•••.••••..•.••. 1a.5 •2.S •6.2 418 IOLO IH.O 20., S.3 3.7 2.7 

~~:~~·::::~:~:~::~~:::~:~~::~~~---:~ ~~·~. 
1 I~ '.1~:~J .'1~}~. ~!:\ J;W:~ ... JJ ~ :·; .~::. ~ :1:~1 

-)~:::::::::::::::::::::::::~:::.:.:: ;~:;; , r ~- . ib I , ;~J ; it::r , ~J · .2i r . ~f l~: r .r~:I 
1112l!.................................. 11.8 >2.2 •G.O •55.2 llRO il3.0 18.8 20.5 12(i.0 10.3 
IQJ.............................. .... I 4. 0 '4. 3 I 8. 9 192. 2 I 73. 4 1·32. 5 12. J 11. l i 2. 7 ~. 2 
11131 •••.•.•.•.•.•..••••••.••.••••..... '2.1 '3.J •t.3 JM.3 M.4 12.6 l.9 2.0 4.8 7.0 
I.W2................................... •G,1 1s.J p-g) ,S4.9 235.o ,;:i_g ,2f·9 ,1·_n

7 1 
a. 2 

1
3.1 

1933.................................. !2.8 •2.5 5,0 21.5 '92.2 00.4 J .2 , 5.7 5.4 
11134.................................. 12.0 2.9 8.~ 42.2 / 17.0 12.8 O.li 0.0 2.2 l.~ 
1sw.................................. 2.0 2.5 ,.s av., 133.0 114.0 1,.G S.9 G.6 t..2 

I Partial Recooi 
I Eslimated. 
a l'lltla.lly au.mated, 

(1) 
2.U 
B. ~ 
.8 

•15,!j 

-; 3. 3 I 

'9. 0 
11. 6 
• 6. 2 
12,5 
I 4. 4 

2.4 
3.1 
l.O 
3.1 

Ramrds as publW!ed br t:. s. G@ologlcal Sun.-ey: Previous to October 1Dl3 rrom Waler SllJ)ply Paper No. 35~; Octob6r 1930 to September 1934, 
Reacrdll from October 1913 i.o Se{)Utmber lllOO trom reports or New Mexico Staui 81lilllltel'. 
ltfCOrdJ rrom Oetob<er 1"34 to D«:miber 11134 llN provisional r.oords ru:rnl.s.bed by U. S. Oeolap;lcal St11"1'e)'. 

TABLE 174.-EsHmated ru.JH:Jif of Rio Chama abot,e El Vado Reaervoir, N. J.fez, 

[D~ area 873 square m!Jes. Unit, 1,000 acre-~t] 

~m- Novem· Yea, lanuaey Febnllll'Y March April May .June July Au111st Ocwber ber 

---------------------------
IJllO 1 •••••••••••• ---·--···· 2.1 2.8 6.0 l:.IG.O w.o 70.0 14. 0 13.0 '1.0 7.0 4. I 
UIUI 1 ••• ··········-·--·-·· 4.3 ·'-' 20.0 14{.0 214.0 80.0 111. 0 H.O 6.0 24.0 5. 0 
llll'.1 l ••• ··------·-········· a. 2 4.4 31.0 176.0 184.0 112. 0 10.0 2.0 0 l. 9 2. g 

1.8$13 '·. ······---····--·-·-
., 0 0 83.0 137.0 1111.0 ,.o a. 2 11.5 4.2 l. 9 

~--······-··--········--· 1.2 IQ 1,5. 0 180, O I l:l(). 0 • 28. 0 18.0 12, 0 • 2.0 IQ I •• 3 
11116 •• ---····------ ··-·-···· 12.e I ,I/ 11u.o a JDU.O I 101. 0 I 'I!. 0 IJS.0 112.0 14.3 i 7. 0 I 4. 8 
1M '·. --------··-------·- Z.4 0 10.0 72.0 153.0 14.0 7. 0 0 a. 7 4.3 a1 
181)7 I.••·••••·--•••••·---· 2. 5 2. 0 12. 0 146.0 .22).0 7G.O 13. 0 6.0 8.0 23.0 2. G -.. ···---------··-·----- 0 0 0 1'.17.0 83. 0 no a.o 7.0 0 :Z.11 11.0 
IM• ~-- ...................... -- .... .,, . I 2. (I 17.0 '1111.0 M.O 18.0 12.0 6.0 12. D 8.0 '- 8 - ·---------··--- 3.9 l. 3 4, 6 17.0 80. 0 37.0 1.0 0 10.0 6.0 4.0 

.S ..m at end ol table. 

"145---38--l 2 

Decem· 
ber 

---· 
3.tl 
3.8 
l. B 
2.8 

t 4.3 
13.9 

3.2 
0 
f.3 
3.8 
3.7 

2.0 
3-S 
4.1 

·---------
l ~. 0 
lJ..,.11 
• 6. 5 
ti.5 
.... 3 
'2. 3 
'5.6 
12.6 
•a.4 

l.4 
2.8 

Anllual 

---
~.9 
~-5 
ff8_0 
3W.O 
25.18 
3M. 6 
182.7 
610. l 
:om. 2 
200.a 
U7,& 

··-··1a11. 2 
m.5 

----------
~!;l. : 
.;Ja." 
431.9 
226. G 
287.3 
2fS.2 
120. ~ 
408.9 
2l7.9 
85. 2 

IMO. 2 

Allllual 
l'WKJff 
in per· 
11eDtor -133. 

102. 
142. 
Pl. 
T7. 

1111. 
116. 

164. 
62. 
!13. 
44. 

8 
& 
0 
II 
0 
4 
4 
8 
3 
2 
7 
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166 Rio Grande Joint-lnt1estigation 

TABLE 174.-&timaled run.-o!f of Rio Chama aboff El Vada ReamJoir, N. Me:i:.--0:mtmue.d_ 

- J ' --
Yev 1IIZIUlll"J' Febmu; Marcb Aprl'I May lUDe July AQg1.1st Se~m· October Novem- Decem· A.mmal bet bet ,l 

mean 
-------------------------------

19011 •. ····----------······ 2.1 3.4 4. 3 ill.0 100.0 38.0 13. 0 12.0 7.0 1.0 3.2 2.& :izu 1)7.8 
1902 '·. ······---····-·-··· 2.1 0 0 42.0 :H.O 2. 0 a. o 10. 0 7.0 2. 0 2.8 2.11 99.7 30.2 
ll!OO '· ••••••••••••••••••••• 2.2 .4 12. 0 82. 0 ™-0 117.0 :m.o 4. 8 ]. fl l. 5 0 il,I', 418.1 1.26. 9 
1904 ________ ·······--······- • 2.3 •••• •a.o I 15. 0 •8.0 • 3.0 • 11. 0 • 18.0 • 24.0 • 62. 0 • e.o -i.11 10.8 43.G 
lllOil '···------·········-··· e. 0 u.o 42.0 91. 0 182. 0 ee.o 10.0 6.0 3.6 4.2 6.0 :u 4.29.6 130. 4 
1901L ••••..••.••• ····------ •6.0 • 6. 0 I 8.0 • '10.0 • 1116.0 •'IS. 0 "111.0 •u.o 17.0 113. 0 I 7. 0 • 3.0 4(111. 0 1:14.1 
11107 •.---·-·---·-·····--·-· 11.0 7. 0 21.0 141.0 1'5.0 lOl.0 35.0 :11.0 8.0 9.0 6. 0 2.3 008.3 lM.3 
llKJS ••••••• ---··-· ---······. , a.o r t.O • z. 0 • 62. 0 • 108. 0 •,s.o •u.o • 12. 0 14.8 • 6.0 • 3.6 • i. 8 292.2 l!Jl.. 7 
111Q9 _______ -·····. -·--···-· - •a. o •is.o '10.0 •111.0 I lG.3. 0 •79. 0 <15.0 113. 0 • 11, 0 • 7.0 •O •.3 401.8 121.8 
1910 ••••••••••••. ···•••••••• • 2.& 4J.7 • 61.0 • 117. 0 'llll'l.0 • 44. 0 •o • 3.6 tJ.7 •o • 3,6 q,4 83'.4 101.5 
1911 •• ········----- ···---··· • 7.0 • ti. 0 • 27. 0 • 117.0 'lff.0 • 62. 0 • 30.0 • 7.0 • 4, l • 47.0 14,7 I !.0 400.8 121.& 
1912..----······. ----·------ 14,5 •7.0 •Z!.O • w. o ilM.O • 101.0 '7.0 • s. 0 • (.8 • !. 0 '2.8 • 3.4 IIW,6 121.2 
1913 •••• -·-· •• ·---. ·······-· • 2.0 • 2. 7 i 5. 0 • 62. 0 •aa.o • 28. 0 • 6.0 t 2. 6 I 3.5 6. l 3.3 3.6 200. 7 ea. 9 
1914 .•••• ···- ··--- •••.•••••• 3.4 3.~ 11.4 M.7 132.0 63.6 14.2 7,& 7.6 14.6 6,4 u 811.4 114.5 
191S •••••••••.........•.•••. 4.0 3.3 10.Q 71!.D 123.0 94. B 18. 2 8.0 4. 0 2. 7 1. 3 14.l 3.S2.l 100.8 
1916 •••• ·-·. -·····. -·······. •a.o ••• 6 • 85. 0 I07l!,0 170.0 l!Ml.g 21. 7 15. 9 CJ.I • 3). 0 •8.0 t 4.5 &llU 157. 7 
1DI7 '···--···········---··· 7.0 4. 0 14.0 41.0 125.0 1111.0 21.0 4. 7 u J. 0 2.8 3.2 33-0. 2 100. 2 
19U! • .. ··-·-···········--·· 1.11 3.1 16.0 20. 0 114.0 35.0 10.0 2.8 2.5 2. 8 3.3 3.9 214.3 66.0 
1919 '·· ·-··----············ 4. 8 3.1 ~.o 80.0 147.0 46.0 38.0 12. 0 1.8 8.0 6.0 6. 0 376. 7 114.3 
1920 ............ --··-······· 18.0 ,. !0.0 32.6 69.4 183.0 127. 0 li4 7 u.o 4.0 f.4 4.5 2.4 510.0 l!IU 
1921.. •• --- •••....••••••••• 3.1 4. 2 13.0 21. g 119.0 118.8 n.7 IV. 7 7.8 6.8 3.6 2.S :B). g sa..2 
11122_ •••••• - .•..•••••••••••• 3.0 4.8 31.4 511.3 197, 0 tl0.5 7.2 4.2 2.v 3.0 4.2 fl. I 183.6 lllS.4 
IPZ! •••• ··-·-·-•• ·-· •••••••• 7.3 7.8 lo.6 se. 1 14g, 0 61.5 12.6 13. 7 23.8 15.2 8.5 u ~I.5 lOU 
11124 •••. ------····---······ - 8.8 ti.II 16.0 1~.o 1'18. 0 47.a 12. 4 4-1 2. 0 4. 2 3.3 3.4 412. l 120.1 
lll2S '· ······-·---·········· 4.4 3. 0 J&.O 76.0 87.0 19.0 7.0 11.0 6. 0 13.0 9.0 7.0 227.4 119.0 
11126 ···········-··--·····-- 4.4 lU 6. 0 M.O 1118.0 11!.0 11.0 3. 7 1. 7 3.8 3.8 4.1 w.o lll.7 
11127 I. - .• ··-···· ·····-----. 4.0 '-5 14.0 102. 0 l!Ml.O M.O 2(.0 1-0. 0 33.0 17.0 10. 0 IS.O 4711.5 144.2 
lG28 •. - -·-· ••••• ········--. s.o 11.0 14. 0 4,3. 0 128.0 28.0 4.8 ,. 2 1. 11 u 1. 9 1.8 231).1 72:.6 
19291 _____ ··-·············· 3.1 u 11.0 67.0 127. 0 83.0 10. 0 28,.0 22. 0 10.0 7.0 4.7 822.6 97.9 
lll30' 4.4 s.o 10. 0 101.0 71'.0 83.0 13.0 10.0 2.6 4.4 2.e 2. 2 Zll.2 80.5 
11131 ········----···-······· 2.3 3. 6 6-0 22.0 58.0 13. 0 2. I 2. l 7.0 12. 0 5.0 4.8 111'1".9 41.8 
11l32 '··········--·········· e. 0 10. 0 20.0 J(IQ.0 a.e.o 7S.0 21.0 s.o 3.3 3.5 2. 8 2. 8 15G7, 4 16'.0 
1933 ·--··········---·---··· 3.0 2.8 e. 0 :za.o 98. 0 04.0 13.0 e. 0 7. 0 11.0 3.2 a. 7 23b.7 71.5 
111341 _____ ·--··-···-······· 3.4 8.5 9.0 CI.O 18. 0 3.0 1.0 .6 10.0 l. ~ 1.6 l.G 96.2 119. 2 
lll35 ••••• _ •...•.. ·····--···. •i7 13.0 '7.0 145. 0 IHl.0 I 117.0 117. 0 1 11.0 •s.o 18.0 2. 5 2.4 J&.6 1111.e 

= = Man .••• _ •.•••• ······--··. 3.8 ,. 0 16. 2 72. 7 130. 5 MU LUI s.s 8. 7 8.9 4.1 3.4 m.& _____ ... .,_D __ 

------= = ~, Fm:e,,1 of annuru .• _. ______ ~1~1 4.92 22. 00 17.15 4.22 2.67 2.03 :uo l. 25 1.03 100.0 ........... _ ...... _ ...... 

, 11 EsU!nated by reference to R!o Onmde pin, Embudo to Otowi Brldp, from moD1.lliy n1lalJODcurv1111: 1 Otowi Brldp, 1111th:ru11Ald; ta.ctual:reoords; • Embudol!SU!lllited. 
• Estimated by reference to Rlo Onmde nw Del Norte from monthly relation cw-ves. 
• • Estimated br relennce to Rio Onmde p,ln, Lobatos ta Oto.-l llrid1e, from mODthlY relation curves, • actual records; • ou,.,..1 Bridge estimated. 
, E,tlmate based upon relallon of miss1.D1 months ta nmialnmr montba of the year u lndlcat.ed by means for Ill! oomple!A! years. 
• Estllillll.ed J;,y flddmg to Pill'II: View TW1-off:, l~ pm-cent of Blo Clml:u.o. Din, Pull: View 1.o Cll.am!ta. Cllamlta llow lllll'1'ecte<l ror st.orap regulat!ou bel'lnnlng Jant 
• Estimated by mer1111ce to Rio Chama nw Cbam!ta from monthly nilailon wrves. 
11 Part.lAJ record aiandlld by retm,rnee ~ Rio Cl:uuna DIIIIIT Cbamlta, 

Records trom October 1913 to D9cember 111:M for ai&Uon "nmr Tiena Amlll'llla" from relJCrt.1! of New Mexico Btate 111!21n-. 
Records for November and December 11313.S 111'11 provisional records fumlshed by U.S. Oeoloa:lcal SW"l'BY for new 1tatlon "below El Vado Dam, nar Tlara Amarllla", C(lffl!CUd 

rora&oni&e. 

TABLE 175.-Ru.n-off oj Rio Chama mar Chamita, N. Me:x. 

Year April May Joly Sel:m· October 

1912 .... ···-························-- •••••••••• ··-······· ·-········ ·--------· •••••••••• ······-··· ·········- •••••••••. •••••••••• ·······-·· ma ... -.............................. 12.s •a.9 9.2 n.2 100.0 42.0 10.1 4.8 D.9 9.3 
11114 .••. -............................. 7.1 10.& 38.5 114.6 175.0 44.7 43.b 18.S 12.6 21.2 
1915 •..•.•.• _ •.. -- ........ --········" 14.2 •5.9 24.t 134.0 213.0 219.0 30.4 11.0 7.1 2.0 
1916 ....•...••.. -· ........ ....•. .••••• ' 10. 3 13. 4 1211. 0 D. 0 1122. 0 !Ml. l 26. 7 35, 7 9. I ~3. 4 
191,.................................. v.o 10.1 23.l 87.2 146.0 141.0 40.f 8.l 3.8 2.4 
llll8 ....................... ----·--···· (1) (') 23.7 119.9 11111.0 31.2 (') 4.1 6.3 4.7 
lll!Y .. -............................. __ 8.8 8. 4 311.8 l!O.O 230.0 65.6 SO. 5 24.4 4.3 12. l 
11120 •• ·- ............... ._ ___ . ....... •• 10. 0 37.1 53. 9 120. 0 813, 0 l4l. 0 Ill. 5 19. 4 8. 3 9. 2 
11121 .. --····-·····-· .. ·-·············· 8.2 lQ.O 33.l lla.2 118.0 87.7 67.9 37.0 U.O 10.6 
lllZ! ........... --·····---············· 1.2 1$.6 211.t 411.6 ~.o 82.9 12.1 4.6 .a 1.0 
1923.·-·······---···--··-············· 7.7 215.8 31.8 · 85.2 lMI.O l!IU 34.S 27.0 20.6 :lnO 
Ul24 ... --............................. IU 46.0 :M.3 ao 346.0 '111.6 14.2 6.S 11.8 8.6 
11125 ........... -·-··················-- 5.9 10.4 23.G 1.22.0 91.4 llS.l 12.1 16.9 4.7 13.8 
1926 •••••••.•• --··-·--················ 7.8 6.6 u.t l.05.o ~.o 11u.o t2.o 11.2 1.6 ,.6 
lll27 ....................... _ •• _ . .'..... 4.8 11.1 29.7 138.0 30LO 116.0 3'U 12.9 55.5 19.4 
1928 •• ·-··············-·----······ .. •• sv.2 8.1 21.4 te.9 JJ79.0 133.0 13,s 11.0 1.6 '1.1 l.Dl.................................. •4.0 18,0 23.4 1.llLO 110.0 112.1 J 15.l 170.4 M.9 1L6 
Jll30 ........ -••·-················--··· 18,9 11.8 1111.2 lllO.O 1111.8 34.0 '19.8 14.l 2.2 15.5 
11131.. ••..•.••••••••.••••••••••••• _... •a.& •11.2 13.2 44.2 no 13.B a.s a.o 20.2 40.1 
1.1132 •••••• ········-·••·--··••····· •••• I 8. 0 I llO. 9 63. 9 246. 0 306. 0 8L 3 20. 7 13.? 3. 6 5. 5 
1"33 ••••.. -·················-········· *'-3 4.8 14.2 3L2 IJ.28.0 184.7 822,0 lll.9 111.9 7.1 
193-4 ............................... _.. 8.0 8.8 11.11 47.9 lli.8 14,2 11, 6 I 0.6 7.4 L4 
193.5 •••• ---··············-········--·· 4.11 8.11 8.11 13.5 111.4 120.0 13..8 37.3 3L6 31.9 

I Pa.rtlal-d. 
I EstJmated. 
I Par1Jally llSt.lmted. 

Novem
ber 

(1) 
7.9 

ll.J 
a.11 

H.7 
3.5 
U, 
9.7 
7.7 
7.6 
a.z 

H.4 
2.2 
8.9 
6.4 

I 12. 7 
13, 7 

111.0 
3.5 

t 8. 3 
4.11 
a. 7 
1.8 

2l.8 

])ecem. 
ber 

2..6 
i.4 
5.8 
7. 7 
8.8 
5.0 
7.1 

11.3 
S.2 
11. l 
11.0 

10. a 
e.o 
8.0 
8. 3 

• 11.4 
t3.6 
17. l 
I l, 7 
i-8, O 
14.1 

i.& 
:u 

lll.O 

,___ 

m.1 
483..1 
GM. 3 
IIOi.2 
.79.6 

··-·-,18.9 

™·' au 
34U 
506. 8 
744.0 
1133. 8 
64111.S 
mo 
Slll.8 
m.e 
302.5 
2,41.0 
178.6 
:S2U 
I.OG. 7 
411.9 

Record, u published by U. 8. Geological Survey. PreViocs to Oetober 1913 In Water Bupplp Paper No. 358: October 1913 to 11W' 1915; Ortohef 1930 to September 1934. 
kaeordal from July 1111~ to Bepteruber Ul30tl'om re))llrtl! oftbe New Mwc:o BtauellElmer. . 
RM.w<ll ltom October lli::H to Dffllluber 11135 11.1'1! provJ.,,lonal l'IIClOrd.ll tumlJsbed by 0: 8. Oeo!oe!NJ Surve;. 
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T.UILE 176.-Run-off of El Rite Creek Mill" El Rite, N. Ma. 

!Dl'lliDa&'e 11.n& 112 IIQU&re mikie. Unit, ~I 

167 

Aucust Septem· October No,.-em- Deciem· Aunual 
ber ber ber . 

------------t·---------------- -------- ---- ------------ -------
11131. •••••••••••••.••••••• ___ ··-······ •••••••••• ·---······ •••••••••• -------··· 
lllil2 ••••••••••••••••••• ------········· Ill 169 1,550 7,720 11133 .•.. __________________ •••••••••••• 1177 198 lffl 1,:.110 
11134.................................. I 123 1 lJ9 f23 878 
1933 ••••••••••••••••••••••••••••• ----- 127 129 *>t 4,100 

(1) 
8, uo 
I, 780 

338 
1,IHO 

™ 179 
113 
M 

1'6 

m 
81 
80 
73 

102 

210 
1311 
89 
!2 

102 

I 344 
S 101 

7ll 
M 
so 

S 91 
• 101 --li:uo 
• I.Zl 7, l..81 

M 2,376 
62 1', 108 

Rmmb rrom May 11131 t.o lleplember 111:W from ~l)OlU ol U. 8. Oeolo1kal Sunrey. 
Records rrom October 1934 t.o Dece!tlber lll3S an pmvulolllll records [umJ.shed by U. S. Geolog:ical Survay, 

Year 

TABLE 177.-Run-ojf of Rio Ojo Calkme at La Mad.era., N. Ma. 

!Dnillllle ania 344 aqu.ve ffllles. Unit, 1,000 aore-featl 

January February M11rch July 

------------!·---1----1----1---- -------- ----------------------------
11113.2 ••••••••••••••••••••. ._ •••••••.•.. ----·-···· •••••••••· •••••••••• 
11133.................................. •0.8 11.1 11.2 
llil3f.................................. 1,9 1.0 2.3 

33.6 
120.1 

1.2 
21.f 

I li.8 
'G. J ., 

1.0 
11.2 ., 

1.3 
I , 7 
.2 

1.1 

J 0.3 
,4 

• o.e 
.6 
.e 
.11 

I 0.6 
.8 .a 
.ti 

I 0.1 
I .9 ...... 38.8 

lil&.................................. l, f 1.1 Lil 1.1 
• 3 .s 11.8 

.9 • 7 , II 1!2. l 

TABLE 178.-Ru11-o.tf oJ Rio v~ at Valle~,. N. Me:e. 

(Dra.iJ!aa:e 11.111!1 m ,quare miles. Unit, 1,000 aere-faetl 

M11y JUDe July llepl.elD· Cxtober Novem• D-w· Annual 
Iler ber bor 

------------1---- ---- ----------------------------------
1911. ·······-··· ............................................ ••••••• ••••••••••••••••••••• 
ltl.12 ••••.•••••••.•...••••••••..••••••••••.•••••• ----······ •••••••••• a.a 112.11 

0.6 
.3 
• 7 

(I) 
I 0.3 
I. f ,r ·.::: ••.•••......... :::::::.... •o.• "";o., ~g fU ~~~ 

(') 
ol.11 
l, 7 
2. 3 

2.3 
• 7 
.4 

1. 0 2. 2 

0-5 
.2 
• t 
.2 

2.1 
.3 
.6 

1. 7 

l. 3 
.2 
.ti 

l. l •. 0 41.6 

TABLE 179.-Ru11-0Jf of Rio Sama Cruz at Cundiyo, N. Mu. 

!DrlllllllCe - 86 :sci= miles. Unit. JMlnl-fael] 

January Febrnlll'y M areb April May JUD8 July Annucl 

------------1----1--- --------------------- ---- ----1·---i--
Ja ..•.••.•.•.••••••.•.••••.•.........••••..•.. -·-···---- •••••..•.• ·---······ .•••••.•.. 2, lM 318 7117 11:1.'1 295 316 ~ ........•. 
lD •••••••..• ·······- •. •••••••... ••.• 3115 110 ff! l, 7&5 4, G.'W 2, 813 •••• •••••• •••••••••• ·-·- .................................... •••••••• •• 
11111111. ••••••••. ··•••••••• •••••••••.••.••••••••••••••••••••• ·••••• •••••••••••••• •••••••••• •••••••••• •.••• •••.• •••••• •••• I lll36 I W,l8 I 1jQ1J I UG4 
mn.................................. 1730 •1121 11,120 a.• 4,630 1,430 1,+ro 11,uo 6,030 2,230 11,000 s1,t20 
11132.................................. • 7100 a 7 530 7, mo 10,400 4, 11W 2,oso 1,990 1.• 1,010 M • m1 
D33.................................. tDO l/;30 111110 1186 2,470 1,1ml 2,0IIO 11,r;eo 111S6 Ml 674 1496 
um.................................. •w· -121 m 1,1eo 1,m rm • 1118,5 1185 aoo "ffl 474 
~.................................. 1480 401 l,Ul 2,!l,O ll,4t0 0,IOO 2,11!0 2,bl 3,100 1,100 1129 837 

TABLE 180.-Run-off of Nam.be Crffk mar Nambe, N. Mex.1 

[Dn.lnap - II? IQ!We mlleL U'Dlt, a.c:re-lNtJ 

April 

11132 •••••••••••••••••••••••••••••••••• ·········- •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• 
11133 ••••••••••••••••••••••••• ,........ • 1:811 • 1118 1 ll&l IMS • 1,143 l, m 1571 4,llll 62.'I 
11134.................................. 1112 w m a Ml , m • m 1192 m 
11113L................................ •a • 1117 2112 1118 1,9&5 i,OUI 1,028 l,:wl 1,2S1 

' Includta tba d!Vllll1lon li7 Naml:l,f ffllW above &be atatlon. 
I Pa:t.laily .imal.ed. 

"C'dll lNIUI U. ll. ~ SllnwJ'; U.- from Oct.ow 11134 io December l~ an pmvlskmal, 

Novem· -
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168 Riv Grande Joint ln1Je8tigatum 

TABLE 181.-Run-off of Santa Fe Creek Mar So.me Fe, N. Mez. 

[Dl'a!Dap - :!211quare milm. Unit, 1ml acre-faetJ 

April Ma:, July 0-m
ber AIWL 

-------------1----r----1-----------------------------------------
11113_ .- ·······-·-········---········· -
Jg14_ - ·----·-··--·------·······-····--
1111~ •• - ---- -- ----- ---- -•••••••• ••••••• 
11116 •• •••••••••••••••••••••••• ••••••• -
11117 ••• -··························---
lll18 ••••••• ·······-··········· - ••••••• 
111111 .•• ···············----············ 
1920 •• --------------· --- •••..•• ·--- •. -
1921. • ·-----··-·········. -· •••• --· •••• 
11122 .• ···············-· .••••••• ··- •••• 
11123 ••••••••••••••••••.••.••••• ---- .•• 
1!1'.14 •••••••••.••••••••••...••••.•••••• 
1925. _ .••••..••.....••.•• •••••••• ···--
l!l'J6 •••••••••..•.••.. _. _. __ •••••••• __ _ 

11127. ·- ••• ·- ----------- - . -· --·· --- •••• 
IG:ZS ••• --- •• --------··-· •••••.• ·-· •••• 
11129_. ···- -··········--· •••••• - • --- ••• 
lll30. - ••••••••••.••.•...• - ••.•• ··- ••.• 
11131 •••••••••••••••••••••••••••••••••• 
lllCl2 ••• ·------· ••• ---- --- ••• -••••••••• 
11133. _ - ·- ••••••.. --- -••..••...••••••• -
llillil4 •••••••••.•••. _ •••••••••••••••••• _ 
11135 •••••••••••••••••••••.••••••• - •••• 

I Eltlmat.ed. 
I .Partially estimat.ed. 

I 0. I 
.2 
.2 
.4 
.2 
• l 
• l 
.2 
.2 
,l 
.1 
.1 
.1 
•.! 
1.1 
1.1 -~ .2 
•.2 
,2 
.I 
.I 
• I 

'0.1 
.2 
.2 
.8 
.2 
.1 
.1 
.3 
.2 
.1 
• l 
.1 
.I 
'· I 
.0 
•.1 
.2 
.2 
•.2 
,3 
.I 
.l 
.I 

0. I 
,5 
• 7 

1. 8 
.1 
.ll 
.G ., 
.3 
.a 
.3 
.5 
.2 
.4 
.3 
.1 
.2 
.3 

•.2 
.7 
.I 
.I 
.2 

o. a 1.0 1.4 
u 1.8 1.0 
.. 1 2. 6 2. 2 
2. 4 3.4 1.8 
.2 .6 .15 
.6 1.2 1.0 

:a.a (lj (1) 
.II 2. 8 1.3 
.6 u 4.6 
.II 1. 0 .6 
.1 I. i .II 

4. 2 u l. 2 
.3 ,2 'l • 1.2 4.3 • 2.3 . , 1. 6 .4 
.l 1.8 .ll 
. 3 1. II 1. J 

1.0 .8 .6 
• 7 2.1 1.0 

I. 3 2.0 .8 
.2 .4 .7 
.2 .• 3 ,2 
.3 1.7 1.8 

0.7 0.4 0.3 
1.6 1.0 . 4 
1. 2 .6 .2 
,8 -~ .3 ., .1 .I 
.! .4 .2 

a. 5 l. 7 • 7 
.3 .2 .1 

3.1 G. I 1.0 
.2 . l .I 
.2 .3 .2 
.3 .2 .1 
.l .2 .2 • .. .2 .2 
.2 t. 3 .3 
• 2 .4 • 5 

I, 4 l. 3 2.1 
• 7 1.0 .3 
.3 .2 I. 7 
.4 .4 .5 
.4 .3 .I 
,2 .2 .2 
•• .5 . 7 

0.3 
.4 
.2 
.ll 
.I 
.J 
. 7 
. l 
.2 
,0 
.2 
.I 
.2 
.l 

0.2 
.4 
.2 
.3 
.1 
.1 
.3 
.2 
.2 
.1 
.3 
.I 
.3 
.I 

0.3 
.2 
.l 
.2 
. l 
,I 
.3 
.2 
.2 
.l 
.2 
.I 
.I 
.2 

6.5 
8.8 

JU· 
13.3 
2.G 
u 
7.0 

111.3 
3.5 
6.2 

IO. g 
2.1 
u 

·:~ . ,2 •. l ....... . 
.e .3 ~2 aa 
. 2 1. I •. ! 5.4 
• 9 '· 2 . I 7.8 
• l • l • l I. 11 
• l . l . I 2. 7 
.J .I ,I 1.9 
,l .3 . l 1.5 

Recon1s Ill publbhlld by U. S. OIIOIOllal Survey: Pnl'l'lom to October 11113 rrom Water S11pply Paper No. a&!; October 1913 to December l9l4; October 1113() to September 
11134. 

ReOOTds !mm Ja.nuary 1g15 to September llll30 from npom or I.he New Mmloo State mgl11eer. 
Becords from October 193-f to Deoembet lil!M ue provi$io11&1,-.dl; furDJshed by U.S. Cleoloelcal S11rvey. 

TABLE 182.-Run-off of Arroyo Hondo near Santo. Fe, N. Ma. 
!~.,.,. 13 aquan, miles. Unlt, acn-feetl 

April May luly Decem
ber 

------------1----1----1---- ---- -------- ------------ -------- -------
1913._ •••••••.•••••••••••••••••.••.•.• ······---· )111'.................................. 27 
11115 •. --··························-··· 0 
}gl6 •••••••••• -,.--................... I 12 
1gJ7 __ •••••••••••.••.••• __ .••••••••••• II 
1918 .•••••••••••••••••••••• •-········· 0 
111111.. ................................ ll 
1920 •• -·-··········-··-··············· 15 
1921. ••• ---········--·-··········----· 13 
11122 •••••••••••••••••• _ •... ----······· 12 

' Partial na:ird. 
1 '>stimated. 

(I) 

(IJ 

27 
34 

10 
14 
17 
311 
17 
11 

14 
36 

331 
-1,5 
5 

23 
1211 

17 
47 
21 

:?~ras prcvnm.s :.o udoi:>er !~13 :rom ;:;. 3. ~,.~caJ·".3urveY iV'aL&r duppJy .Paper No. J5S. 
R.eoor<ls !rom October 1913 to Sept.ember 11122from "'pol'!$ ol r,;..,.. Millico State etl(ineer. 

311 
1211 
1311 

8 
l 
0 

23 
I 

Gll 
4 

46 12 
l.MI 615 
474 102 
1211 (') 

J l 
l 0 

29.1 28 
0 0 

122 121 
0 0 

Tnu: 183.-Run-off of Rio ~co at Rio.Pucco, N. Mex. 

!Dralm&e ll.l'1!ll 4,711.5 square miles. Unit, 1,000 acre-feet! 

-I 12 3 0 
130 23 28 11 -· ••• 59? 
~ ii 44 ll 2,7 

11 260 74 15 
0 O O O 
0 2 3 4 I, 
n u M » Lm 
o I • ll 12 124 

74 42 II 4 1598 
0 -----····· ------···· ·-········ ····-····· 

1iuuwy Februazy March April May July Septem· Oct.ober Novem· lJeeem. AllIIU&I 
ber Iler Iler 

-------------1----1--- ---------------------------------
m!:: :::::::::::::::::::::::::::::::: 1 g 112 ~J · H ts ~ i aU JJ 
lil5 .. ----····-··--··············-···· ,II :U 111.7 78.0 11.2 11.3 187,I 11.8 
m11_···-·-·-······------······--·-·-· 4.3 e.s 21.4 0.4 '-" o 111.11 4&3 
11117 __ ...•....••.•..••••••••••••••••• - 2. l .3 .3 0 0 0 1.3 3.0 
1918._ ••••••••••••• -.................. 1.4 1.4 1.6 0 ,J l.D 11. l 2.5 
19111 ......................... -·---···· . 8 3. 5 IA I 11. 3 U. 2 • 7 7G. l 24. 7 
1m ..•••••••••••••••••••••••.•.•••••• a.a 11.2 4.! a., 11.0 1.1 .2 1.7 
1112L •••••••••••••••• _ ••••••••••••••• _ 0 0 0 0 0 (t) 111. 9 27. 6 
1122.................................. , 1 .1 . 2 0 0 0 0 1. 5 
11123 •••••••••••••••••••••••••••••••• __ 0 0 0 0 0 0 .2 3.2 
11124_. •••••••••••••••••••••••••••••••• • 2 .ll 2. I U .. 6 5. & 0 8. 8 0 
11125 •••••••••••••••••••••• _ ••••••••••• 2.3 l.& ,l .1 0 Lll (I)-•-----·-· 
11126. ··················-·····-········ •••••••••• ····------ ·•·••••••• ------·--· •••••••••••••••••••• •••••••••• •••••••••• 
lll27 •..• ---•--••••••·-----···········- 2.0 I, 4 H. 3 :ZUI 3. G 4. & 115. 2 I~- 7 
lll'4 •• •••••-•••••••••••••••····•·•··•· ···-••••... - . • •••••• 0 0 1. 3 • 7 .11 I 12. 3 
1935... •••••.••••••••••• •••••••••••••• 2. a 1. J , 1. 11 • • A a • a 1 o 11. 4 

a l"artlall7 astlmalad. 
IJ'vtlal~ • 

3, 8 
3.2 

15. a 
.8 

111.3 
.2 

a. 7 
.G 

a. 7 
.9 

2. 3 
7.4 

(I) 
u 

1&6 
11u 

14. 3 

Ill 
11.11 

• I 
27.8 
0 
:a.o 
4. I 
.2 

1.0 
• I 
.1 

0 
lU 
1.1 
.2 
.2 
.2 

LIi 0.3 22.0 
.2 J_ 7 118.8 
,2 • 7 Zlll.3 
.2 1.' Hl.S 
. l '1 22.4 
.9 .II :l!-0 

1.11 10. 2 lllG.0 
.& 0 41.3 

1. I .I ...... Ti .2 ., 
2.2 .ll 8.2 

• l LO au 
.6 .a 

1.2 .II ··--·10.e .4 .3 
• l .1 •••.• iio.'i .2 0 

.Reoorduapublisbed b:,U. S. Oenloill91 Burny: Pn!viousto01.-tober llll3from Water811pplJ Paper No.US; Oel.aber 191.3to o-mber 11114; March to Sept.ember 111134 • 

.R.eoordl from JanU&I')' 11116 to December um from reports or tbe New Mrrlco Sta IA! enelneer. 
Becorda from Oaober 1984 to Th!eem.ber llW,IU'e provwoul records lumlsbed by U. S. Gmloclca.l SW"1'~J-

CO- 003120 
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TABLE 184.-Run-off of Bluewa.ur Creek near Bl!U1.0ater, N. Mez. 

IDl'll.!ml'e us 235 eqwm1 miles. Unit, acre-feet] 

April July 

-------------1---- -------------------- ------------ ---- ---- --------
11112.-·-·--··--------······-----······ -·-------- ·······--- ---------- ·········- ---------- ·····--·-· 1913.................................. 0 0 313 •. 780 89 46 
11114.................................. 0 eu4 6,otO !,WO 177 ii() 
11115 ................. -·-·---·-·••-···· 'IIIO 2 2T. S. lSll JO,SOO 3, MO 2, IOI 
11116 ____ •••••••••••••••••••••••••••..• !'l ('I 7, l!20 1« 107 
1917.. _______________ ••••.•...•••••..• :116 - 2211 898 l,ll40 l!IOO !Kl 
1918.................................. ft 1,2111 2, no 149 :Ill ~ 

1919 .•• ---········-···········--····· 12 ~ 8,200 8,1171) 280 ('J 
11121.. ·······--·····-·-········--·-··· ---------- ·······--- ·--------· (1

) 37 3:; 
1022.... ••. •.. .••• •••••.•••• ..•••••••• 129 440 lU9 267 311 e 
11123 •..•..•.. _........................ 170 l!OO 2.UOO 2.fM 1132 43 
1m.................................. 1,m 2,e10 1141 1.013 m1 111 
1223 ........................... _...... m l.04() 1144 M 20 20 
1926--.-----------·········-····-····· *145 ·1~g •12.1211 38,767 '1,672 1141 
1!1'.17................................. 1381 •H3 38,&48 10,744 l,~ 11,057 
!928 .••.•••••••••••••••••••.•••••••••. C 140 148 181! IJ3'i 1,:15'1 
!1129.................................. '1!11 I :,?J I 37 lllf! 1,386 866 
Ul30.................................. • am 12~; 209 371 2,300 I, IIIO 
1931. ••••.. -.......................... ; Jlf I 2:1 52 3f8 7112 1.3.5(1 

1932 •• -· ••••••••••••••.••••••• --····-· I 15 I &4 I 424 IH2 l, 980 3, 160 
um .. ·-----------···------------···-- ,405 , 451 aw 1,370 2.1:io 1,930 
111134 ..••• _ ••••••••••• ---··-·-··-····-· 3 ]47 ll7 126 713 2,280 71111 
111',l,5.................................. 12,8 113 M 14e4 11.3)) 3.400 

I PwtlrJ record, 
I Estimated. 
I P&rtlal!J estimated. 

(') MO 71 96 40 15 • ··is.291 58 4U 3& 307 IOI a 
!IOI 189 192 189 84 3 51 10, 7!,() 
721 463 1&9 237 800 3 3118 :111. 37S 
1143 l. 700 SH I :Z,970 881 246 ···a.488 IOI> 41 aa l4 20 8 
177 195 36 3i 35 :u 4,806 

2,200 l,MO . ~-. ·1111· ·····112 ·······51· ········-· 
8 52 15 :II e7 180 I. MO 

210 480 l, 310 10 I 11116 I, 015 Ill, 377 
43 &7 35 44 23 68 7, l(Kl 
:12 ll4 m 2U1 HS m a. 143 

I ijj I 305 I ,!,4 I 662 I 48 j :174 :U, 462 
I 797 I 711 ; 121 ' 117 45 ; 30 :13, 770 

518 I 1M I 45 113 I 125 I 156 2, 81H 
287 438 219 311 I 28() I 306 4, 311(1 

1, 770 l!4S 577 107 I 132 I JfiO 8, 248 
5m 21! a& 27 • 29 • 33 3,IMI 

I, 9QO 1. 470 I 691 I 713 I 510 I m 12, :2'11 
2. «on 1. 760 • n m 200 '1311 n, ~ 
~ 29 u ~ ·~ ·~ ~m 

2, 860 823 I a20 I 2M 193 I 118 II, 797 

Remrd11111 publlahed by U.S. Oooloeieal Burvry·. Pre\"lous w O~r 1913 from Watrr Supply Peper No. 3.58: October Hll3 to Dffl?mber !PH; October 111.'ro to September 11134, 
Record, from January 1915 to Sep~mber 1930 from rel'.")rts of the Ne..- M~ioo Sta~ englnttr. 
Records from October 11134 to December l935are provisional records fumlsbed by 1:. 8. Otoloslml Bun-eY-

Y1111r 

T .un,E 185.-Run-off of Bliuwater Cruk at Granla, N. /,fez. 

(Ullit ICl't-feetl 

1anuar:r February March April May July 

------------1--- --------------- ---- -------- --------------

iui, _ .. _ .... ···········-·····--_ ..... . 
1018. -- .•• -- --- •••••.••.••••••...•.••• 
!919 .•• ···-··· -·-·· •••• ••••·• .• ----··· 
1920 •• ····-········ ••••••••·• .•.....•• 
11121 ••. ·--- •••. ·--- ··-· ···--- •• _ .•.•.. 
11122 •••••.••••••••• -------- ....• -- .. --
'1123 

iiiL:~:::·.::·.::::::::::::: :: ::::::
1 

, Pm!&ll'lll!lll'd. 

0 0 l, IIOO 0 111 0 

:Rfflll'ds pnvbJs to October 19J3from r. S. Oeolcu;iaal 8Ul'"Vtr '\\'a.let Supply Pal)l!I' No. 358. 
Rec:a-ds from October 1913 to D-ber 1926 from report& of tll8 New MeJ:1co State e.na;!ueer. 

TABLE 186.-Run-off of San Jose Ri~er near Suwanee, N. -Me:,;. 

!~ 111W 2,765 square miles. Uni&, 1,000 .-reetl 

J&llWII'}' February Mr.rch April Maf July 

310 

2M 
82:1 

12,721 
111.~ 

------------!--- ---- ------------------------------------
JIHO •.••••••••••••••.•••••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -.--·•···· (') 0.4 0.2 (l) •••••••••• 
11111._ ••••••••••••••••••••• ___________ ••••••.••• ······--·· ··-······· ····------ --·-·----- •·•····••• --········ ···••••••• ••••···••• ···-···--· -------··· •••••••••• •••••••••• 
m!::·::::::::.-::::::::::::::::::::::: PJ lJ ~t ······u· ··--··o.f <\s c•iu <\.11 ('>o. 1 U :! ~i ·······n 
19H.................................. .5 .2 2.5 LO 1.2 •.4 t5.8 3.3 1.6 3.3 .6 .8 21.l 
111u ••••.• _........................... .e 1.1 a1 1u •2.e .a 1n.4 2.1 2.0 .2 .2 .2 111.s 
11116 ................................. _ 2.7 4,ll 12.0 &I 1.4 .7 2.7 (1) .3 8.0 .6 .6 
11u1 ... __ ··············--··-----······ 1., .11 .:& .2 .2 .2 .e 1.~ <'l -·····---- •••••••••• -······-·- •••••••••• 

co - 003121 
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170 Rio Grande Joi.m Invutigation 

TABLE 187.-Diaehargc of Ric Gramk bd01D Elqham BuUe Dam, N. Ma.. 

[Unit, 1,000 aere-teetJ 

Febru· &t:m· Year Jr.DIW'1 March April Mar Jillie luly Aupist Ill)' 

------------------111111 ••• ___ •••••••••••••••••• 0 0 12. 2 72. 8 lllll.O 2'1.0 ll8. 0 1]7.0 77. l 
10111 ••• _ ••••• ·····-· -· ---··· J.G 42. G l!G.4! 107,0 l~O 192.0 117. 0 8:'L 7 117. 3 
11117 ·-·-- ••••• ----- --······. ;u 107,0 100. O 1()2.0 124..0 138.0 lGl.O ll4.0 110.0 
JgJ& •••• ----------- -•••••••• 0 51, 6 76.6 89.8 IH. I 96. 2 G0.4 77. 5 ~8 
10111 •••.•• ••••••••••••••• ••• .D 22. 2 53.7 7.5.0 lM.O 112.0 9'. 7 111.0 117.S Ull!O ••••••••••••••.•••••• -• - 12. II 22. 7 M.O 89.3 U3.0 '114,0 l.2J. 0 112.0 103.0 
1G2l. •••..••••••••••••.••••• 2. 9 116. 5 86. 7 Bl. 5 100, 0 121.0 123.0 125.0 121.0 
11122.. •••• ··••·• - -•••••. - -- - . 1(.9 M.8 73. 2 100.0 12S.O 12«.0 127.0 l:sG.0 112.0 
1923-·----············ ...... 12. l :sG.4 M.O Ula.O 123.0 132.0 130. 0 105.0 7G. I 11124 •••.•••••••••• --•••••••. LO 57.5 U-2 121.0 166.0 JM.O 121.0 lGIJ.O 113.' 11125 .••.•••• - •••••.••••••••• 4. 6 ,2.s 811.5 llMI. 0 121.0 1'4.0 124.0 IIU 411. 4 
IQ211 •••.•••••••••••••••••••• 1.8 19.3 61.3 108.0 108.0 1211. 0 117.8 117.0 78.6 1927 •••.•••••••••.•••••••••• 11.7 14. 7 11'.l 7 1111. 0 1:18.0 127.0 131.0 mo II& 3 
1928 •.•. •••••••••·•••••••••· lLO a:u 71.3 12!. 0 811.8 l~O 130.0 Ut.o 90. 4 1929 •••.•••••••.•.•.•••••••. &8 28. 7 &t.O 121.0 177.8 m.o 102.0 78. 7 M.5 
1V30 •.••••••••••••.•.. •••••• .2 31.0 73.2 1111.0 JOLO ll4.0 117.0 125.0 77.9 11131. ••••.•.•••••••••.•••••• • 4 17. 6 73.0 93.9 1111.8 l:llt.O 128.0 100.0 611.5 1m ••••••••••••••••..•••••• .a ::.5.0 1!4.. l 113.0 JM.O a!.O 134.0 mo 87. l 1m ........................ .9 32. 1 71.8 llLO 108.0 101.0 127.0 183.0 90.0 
10:W •••••••• -----•..•••• ---- 1. 5 64. l 71.3 108. 0 102.0 120.0 mo 134.0 'l':U 
~--···--·-··············· .4 8.3 43. 2 8'_.4 18.5 110.0 128.0 117.0 45. 9 = M:91111-- •.••••••••••.••••••• 8. 4 aa.2 G7.0 103. 8 11S.6 m!.1~ m.2 81.G 

~ H.33 ~t of1.Dnual ••••• _____ •• 4. 21 7. ill 12. 07 13. ill 13. 28 11.49 

Records mn!01D to October me rrom u. B. BW'ell11 or Recla111at!on. 
l!ecords lrom October l91Gto September 1934 u published by U. 8. Geololdlllll SW'Ve}'. 
Reaort.18 from October lli34 to December llll35 im provlaional ra<lOrdJs flll'lilihed by tr. 8 • .Bamm or ll.ecla.mal.!01>.. 

r- January February 

IBDO.-----------··········· 12.0 1e.1 
1&11---···············--··· 27. 7 44.9 
11182 ••••..•••••••••••. ·••••• 20.1 27.4 
J.M •••.•••• ·········----··· l!.2 l!.O 
1111K I ••••••••••••••••••• --- 0 3 
lllilS. ••...••• - ·- •.•••• ·····- I 19.0 134.0 
111981 •. •·••••••••••··•••••• 27.0 :u. 0 
llllil'l' •••.• --••• ---····- -••••• 18. 7 I0.8 
18188 .•............... _______ 30.1 33. 7 
UIDII ..•• ··-··· .••••••••••••• 12. II 11. a 
lSOO •.•••••.•.•.•••••.•••••• 8. l 15.' 
lllell. -•... - - -- -- -- - • - -•••••· . 3 4. 5 
111Cl2 •••.•••• -••.•••••• --···. 8.3 5.8 
"9<II .... -- -· ..•. ·-·-··· ••••· 3 . " 
,'.)()4 •••••••• .,. ·····------~· •. J 
.w:l .......•....•••••.•.•.•. J5, V iJ.J 
1900 ••.....••••• ·····-. --··. ::!'i. 0 3l. 7 
lllO'T ···- •.. ··- •••••••.•••••• 60,4 4e. 6 
1908 •••. ··- ..•.••••• ·-· .••.. ll3.0 31.2 
lee».·-· .............•... ·- 22.3 17. 2 
11110 .•.•.•. · ········-······ 43. 5 lij, 7 
lllll .••••••••.•.......• _____ II. 3 11. 9 
11112 •.••••••••••••••••••••.• .S.6 32.3 
JD13 •••••••••••••••••••••••• 18.8 3.5.0 
11114 •••.•.••••. -------- ••••• 21.9 23.2 
11115 •. _. -----·· ••• ···-- ••• -· 39.3 32.0 
lll!lL. .•• ····-- ·-···--· ... - . 3.4 l6.3 
1917 ···- ·----- •••••••••••••. llU 56, 7 
11118 ••..••••••••••••••••• -·. 2.3 12. 0 
1919 .••• ·-·-·········· ••••. - 3.5 17.1 
llr.!O •••••••.••• •••••••• ••. -· 24.2 13.1 
1921 ..•••••••••• ···-···· --·. u 114.8 
11122 .••• ·········- .••••.•.•. 17.8 47.1,1 
lllll3 ••.. - - •• -- .•••••• - •• - ••• JD. 5 113. 7 
11124 ..•••••.•.•. ··- ••.• ••••• 17. 5 111. 6 
1112.'1 ••.••••••• - ••..••••.•.•. ll.6 ft2 
11126 •....•••••••• --- •• •••••• 12. 2 lil. t 
11127 •••.•• -- •• -- •••.•. ·····- 13.1,1 24,3 
11128 .••••..••.•.•••••.•••••. 12. 7 211. 6 
11121' .... ··········------····' 13.2 18. 0 
llli!O ..•••.•• - . - .•••••••••••• u 111.3 
1931 .•.• ···-··· --- ·····-···· Ill 13. g 
11132 ............ •·•••• •••••• Ill l&, 9 
1833 ..•.•••••••••••••• --···- JU 24.9 
11134 •..•• - • - •• - • -··· -··----- JI, 2 33. I 
111S5 •.•••.•••••••••••• ·--··· && s. 8 

Ml!llln ...... -...•.........•. 18.l 28.4 

Pette11! of ann1>.1l.. e..,a,.,••• l'3 8. H 

TABLE 188.-Run-off oJ Rio Grandt at El Pa.ao, Ta. 
[Dra!Dq:e 11Za 211,413 squara m.!les.• Un.!t, 1.000 acn-miJ 

Mazcb A}Jrll May Jme July AUIWlt ~-
------------

26.1 130.0 &\'I. 0 26.2. (J 62.S ~.1 10.15 
1111. 0 2M,O 'm.O 389.0 140.0 «o. 7 '5.? 
46.2 U!7. o '341. 0 176. 0 41. l .8 0 
2.1 4& l 231. 0 13.4 •o 10 10 

15.0 '1'2..0 127.0 19.0 10.0 0 1.0 
1115, 0 a :110. O a 15-0. o •b.O I ]118.0 I )31. 0 I 5.0 

17.0 121.0 75. 0 1.0 23. 0 4. 0 2.0 
4.4 ]04.0 1111.0 il83. 0 81.8 8.1 41.9 

:IO.O 117. 9 HO.O 112. 0 lMO au u 
7.1 8.8 JO. 3 0 111. 6 ., 0 
.6 .3 '4.8 113. l .l 0 16. 6 a. 1 0 1'11. 0 n. 0 12.6 all.7 21. 0 
.6 7.11 .5 .3 0 14.5 9. 3 

:r.!.6 l9. 5 -:m. 0 ~-0 :M_ij L.1 :. r, 
) . ) ~i J 1 ·,• • •. I !' '.l.11 

ll!l!.O 198. 0 3.46. 0 .151. 0 <lll. s l11.8 a. 3 
U.3 88.0 3'9.0 :m.o 1,16, 6 411. 2 :'U 
00.0 176.0 IIIIQ.O "3. 0 1137. 0 la& 0 1117. 0 n.s 80. l "117.0 I0.2 IU 88.11 H.8 
28.8 61.15 270.0 23-&. 0 24.8 IIU 118.0 
92.9 U7.o 274.0 113.1 . l 0 • l 
43.6 31.11 2-18.0 229.0 mo ea.e U.ll 
00.4 116. 0 1182.0 514.0 128. 0 30.8 20.3 
14. 6 50. 7 SU 43. 0 6.7 0 0 
38.8 164.0 1185.0 111111. 0 1180.0 70.1 8. 2 
22.2 37.8 143.0 JIit. 0 7a. 7 88. 3 SU.11 
3(1. 6 Sl.8 811.8 112. 0 63.7 aa llll.U 
158.8 .IK.2 '/3,3 16. 2 m.o 81.l 77.9 
48.7 48. 6 45. & :18.6 llll.3 33.1,1 111.5 
42.9 se., 11111.2 'Tl.I 117.2 G2.0 ao. 11 
f9.5 ~0.4 7'll.6 82,(1 kl J07.0 'IU, 
117. 0 SI. o 71U llil.6 106.0 114.0 Ha. o 
67.& &a.5 74.9 7'11.0 113.2 U2.0 IIU 
~7.2 72. 7 87.3 IIQ.3 lllU 123. 0 no., 
151!.8 91. 0 l22. 0 118.2 m.o 107.0 'I'?.~ 
M.7 76.1 73.2 l&f 'l'U 116.9 87.f 
fl,3 &a..• 69.4 711.2 118.U 113.J MO 
Al 511.0 ?1.7 ?3.8 81!.8 IIO. 7 1111.G •1u so. a 81!.9 '2.11 118. l 117. 8 117.2 
37.1 112. 8 70. 7 ie.2 Bl0 10'7. 0 81.6 
G-9 11:u &U 07.8 112.4 118.0 11.g ma 116.8 111. 7 ru 'l'e.4 811.6 ISU 
34.5 87.2 112.6 73. e 78.6 84. 7 117.4 
11111.8 116.& 113.5 '111. l 82.6 OU 86.7 
46 Ill!. 7 eo.1 152. 0 '13.8 IIO. 2 411.0 
111.4 6'.9 a.e Ml. 7 1111.9 911.9 86. 8 

tu '77. 2 182.8 UB.l au 6'1.7 41.8 

11.118 10.37 21.85 19.1!1! n.a 'I. 78 5.4,f 

AZI" 

N<rven>• Decum• rm 
October AD.mw In i, ber bu a1111to, 

mean ------ -------21. 2 H.l 23. a 895,g 104.2 
110.0 11,U 116. 0 1,126.4 130.S 
100.0 51.11 52. 7 1,803.9 lllL6 au 19.D .o 88!.2 80.8 
11. 3 18.0 3.8 1174.' '18.4 
bi.I! 116.3 116.6 898. 4 104.5 
83.0 l!O. 7 26. 7 080.0 113. 9 
59.3 30.6 35. ~ 11118.6 116. l 
415.0 12.8 12. 7 MIU 98. 3 
M.7 21., 22. 3 1,003.5 1115,; 
10.3 10.3 11.5 SlS.O llS.J 
13.3 16. 8 10.8 7&1.7 88.6 
33.1 17. 4 13. 2 882.1 102. 6 
:llll.8 u 6.4 835.1 Vl.l 
6.8 4.8 5.8 700.ll 81.5 

17.5 10. 7 10.l mo 92.3 
19.9 16. 7 4. 8 780.6 87.3 
12. 9 IS. 9 l2. s 1131. 8 gi,,7 
17. 8 13.9 20.3 826.8 1111.1 

.5 fl.5 u 803. g 911.4 
9.2 11. 9 15.8 GG.6 74,0 

au 2L~~ 800.1 100.0 

4.05 2. &I 2. 311 100.0 ~ .... ~-~ .. -..... 

.A.Jl.1111111 
Nonm- Decetn· nm-oft 

October Amllllll ID per-be bv cent or 
IDellll 

4. 0 11.9 32. ll 1163. l 1211 .• 
91. 5 20. 3 21.2 l, 1127. 0 268.lt 

0 0 0 1133.15 r 
13 10 18 3111.8 
37.0 0 8.0 211D. 0 

'111.0 I 16. 0 129.0 l,O'I'?. 0 . 
llO.O 8.0 30. D 370. 0 b .. 

1(18. 0 117.' u.s 1, 3mg 1112.11 
.2 • l 11.7 eet,1,2 811.9 
.I • I 2.8 73.4 II.II 

0 0 • 7 1911, 8 22.8 
1.3 12.8 8. 0 KU Cll.11 u .3 l.S 50. 7 8.8 
:.'.J 3• ~- l :. J33 .. , .;:s.J 

.:&5. a '8. -I ' .::a.: ' 112. ,J 13 .• 
4.2 25.5 37. 5 2. 011. 3 Z10.2 

38. 2 Sll.3 76.3 l, 114. 4 HIJ.7 
60. 0 M.11 37.e 1.1138. 5 2411.'l 
0 11. l 23.4 467.0 82.7 

35.3 20.3 22.8 1!'74. 0 117.4 
0 0 .6 681. 0 78. 0 

21H.O 119.0 62.4 1,Mll.2 208.1 
l. 2 II!. 4 :11.0 1,357.0 }82.3 
Cl. 7 17.1 21.1 802.8 40.6 

GS. I lil.O 67.6 11182.S 1211. 3 
11:i.& l. 9 4 30.0 '/'k(I 118. 7 
n.11 .e 6U 666.8 7(,(1 
84.l '3.8 e.u 1187.8 119.2 a:u 28. 3 IU riu 4G. 11 
26. s 115. 6 7.8 as 
78. 7 28.2 41. 1 70'1. 2 911. 0 

JOO. 0 IIV.2 43,g 870.6 1111.9 
M.l 3G. 7 37.8 ffl. 7 16'.6 
51.6 23.3 82.3 7211.7 w.e 
1112.0 21.l 27. 7 Sl0.2 lllll.11 
36.3 lU l4.9 lml.8 8.5.1 
21. J 21.0 18. 8 SM. 8 74.1! 
30. 3 n.s 20.11 6111.11 88.2 
11.7 11:2.3 14. 3 111:K.O 118.8 
25.9 H.3 12. 7 66'2.1 74.2 
26.8 lG. 7 IC. I lm.4 '11.6 
211.7 22.2 14.l 1517.11 ISO. au 34. 4 zu 1117. 2 7 .3 
&1.6 :IU !.14.8 M2 au 
111.3 11.4 Ui -5 mu 
20.2 lU U.7 4S.II 11.8 

"""""""" 40 J:2..4 KS. 744.15 ........... _ .......... 
5.78 a. 02 :u.1 100.0 ....... -_ ........ -

CO- 003122 
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Gerund Report 

Year 

TABLE 189.-Run-o.ff of Rio Gra'Mle llt Tornillo Bridge, Te:io:. 

[Unit 1,000 aere-feetJ 

.April May 1uly .Aui;ust Saritem· October Novem-
ber ~r 

171 

-----------·t---- ---- ---- ---- ---- ------------------------ ---- ----
11127 •••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••• •••••••••••••••••••• ·••••••••• •••••••·•• .......... --········ 
11128.................................. 11.2 10.4 IU 28.0 26. 7 13. 6 22.1 511. 2 27. 6 
1m.................................. s.2 a.i ,.1 10.2 t-5.a 5.1 21.s 69.6 10.a 
lll,10.................................. 11.6 4.4 9.2 IO. l 9.8 19. 8 24. 3 2. 75 10.6 
1931... •. • • . ••••.•••. .••••• ••• •••••••• e. a e. B s. g :w. 1 12. 2 s. 1 :w. a 40. s 11. s 
1932.................................. 7.1 10.5 7. l 7.0 12. 5 u. 6 17.6 27. l 23. 3 
1933.................................. 10.6 12,2 3.5 l&.~ U.8 31.0 24.5 28.1 22.6 
11134.................................. 10.1 20.4 13.& :u 15.l 2.6 9.2 7.0 11.0 
l~.---··························---· 11.8 2.1 .5 .6 .6 1.5 1.6 21.7 44.l 

Rfei:ll'ds l'l'om (}(otober 11127 to Dfflmlher 1930 from report.I ofU. S. Oeola,:lclll survey. 
Recwds from January 1931 to December 1935 from Wal.er bulletln~ of the Intemationa.l Jloundary Commlui(ln. 

Year 

TABLE ]90.-Run,.aff of Rio Grande at Fort Quitman, Tex. 

!Oral~ area 31,044 sqnnre mile!<.l Ullll, 1,000 &Cfl!-leetJ 

April May 111De July 

12. 2 
13.Q 
12. 7 
10.3 
J0.4 
a:u 
17. 4 

6. 7 
7.0 

17. g 16. l 
16. 8 JO. 7 24&.3 
v. 6 7. 4 178. l 
7. 7 11. l la:!. 6 

12. 4 9.5 176. 2 
12. g 13.5 1811. 6 

11. 3 U.3 :m.s 
3. l 4.0 94.3 
5.2 s. 0 09. 7 

Annual 

------------1----1----1---- ---- -------------------- ----------- ---
111?.:L ................................. ·-······-- •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 38.1 18.9 zu 
1924.................................. lU.2 30.4 2$.5 31.6 50.7 31.0 61.S 29.2 41.0 
11125. .• ••••• •• •• .• . . ... . ..•••. ........ 13. 8 15. 8 18. 3 13. S H. 7 IS. 7 8. g 58. I 1111. S 
1Q21\... •••••••••••••..•.•...••.•...•• 13.9 8.7 11.3 22.S 31.l 27.3 48.3 19.7 26 .. 4 

17. 6 12. 9 19.0 373.& 
20.8 13.2 12. 6 287.9 
30.0 17. 4 19. 4 r.6. 3 

trm .................................. 1:u H.l 7.7 11.3 13.5 19.6 M.O 4S.3 ,2.2 
11128.................................. 1:.u 111.1 7.4 21.0 2.14 Q.6 12.3 ec1., 36.7 
11129 ...................•..•..•.•...... 10.6 S.7 9.2 7.(1 22.0 7.1 144 112.l 15.6 
111:io.................................. 11.s 9.3 10.s 11.t, 11.& 2.u no :111.5 10.0 

·21.2 20.2 18. 4 24-0. 9 
24.0 ::l0.9 H.4 263. 7 
24.4 17. I 13.0 211.8 
22. ll 12. 3 LU Jll8.0 

1931.................................. 9.4 10.2 10.1 34.7 21.7 8.8 17.2 Ml.II 17.6 
11132.................................. 8.1 12.1 11.6 7.1 11.2 9.4 13.0 2.f.9 27.4 
1933.................................. 12.8 16.6 12.2 ll!.6 10.8 ll!Hl ::lO.S 19.1 !18.9 
1934.. •. ••••.. .... .• . ••• . •••.. ........ Ill. 5 20. 5 16. 6 7. S 7. 3 4. 5 HI C. 4 U. l 
11135 ••• ·····-·--····--·······-······· 5.4 3.5 1.1 1.2 1,g 3.6 4.3 24.3 67.2 

14,, 3 16.5 14. 6 211. 7 
45. 7 20.6 21.0 21l.O 
22.0 13. 0 17.3 213.8 
4. s 5. 0 5. 6 1112. 4 

20. 7 10. 5 12. 7 145.4 

1 Eldusive ol Cl-d Basin Alea, San Luis Valle:,, Colorado. Raoordw l'l'om October 11123 to n-mber 1030 u published b:, U. 8. OoolOlllcal Survey. 
t Pwt!&lly estl.tnated. R.oordsfrom .tanua.ry 1931 to o-mom-1935fl'om water bulletimof the lnteniatlonal Bound arr Commission. 

TABLl!: 191.-Run-off of Ala:ffl(M:a Ri11eT near Monticcllo, N. Me:r.. 

I~ an,a 3$.11 oquani m11.... U!llt, ...... i...tJ 

May Juna Annual 

-------------1---- -------- ---- ------------ ------------ -------- ----
lD •••••••.•..••••••••••.•...•••••••• ···--····· •••••••••· .................... ···---···· •••••••••· .................... •••••••••• 1 133 • ~ • l!M ......... . 
llil30 -······················-·····-·-· ···-··---· ··-······· ...••••••• ·····-···· ········-· .••••••••. ·-·······. ·····---·- .......... ·----···-- .......... ·••••••••• .••••••••• 
11131 ................................................................ --·-··-··· 435 we MO 1,760 818 746 5411 ~IU ......... . 
!1132 ..................... - . . . _....... . ~M 643 S:z:l 467 578 530 '136 ~ ~ !27 122 l09 o. &ll 
-~···········---··· ... . :. . ....... i,9 u6 <49 ,~ '. i4, •40 . :00 ·4g' :111 ,J'll •3ll •SI ;,:!, 
,!134 ...•.....•...•.. : .................. · ,,g, 400 ,30 1 ,1121 .ws, HS 11~1 :,u70/ .aol ~,s'j •3-'.l, ,68/ 6,i28 
J~---····-····--·-······--···--·····I 378 ! 3116 (121 i08 / 458 I (IS I 410 I 1,250 tiW 454 4581 442 IS,lSO 

1 Partlalll· i!l!tlmated. 
I Eltimated. 

R«ord, from October 11129 to Daoomber 11131 l'fom f!IJ)Ol't.s of the New Me.~!eo State engineer. 
Records from January 11132 to September 11134 from reporls of U.S. OIJ!IOI011:ical S1m·ey. 
Rlmrds from October 111:U to l)IIICelllber 1113.:i are provlslonaJ records furnished by U. S. Oeologlml Sur,ey, 

TAELE 192.-Run-o.ff of Navajo RiveT at Edith, Colo. 

[Drainage - lM aquan llllles. Unit, l,000 acn-feetl 

Ymr April May Jnue July Deoem· 
Iler 

-------------1----1----1---- ---- ---- ---- ---- ---- ---------------- ----
1912 •••••••••••••. -· .•••••••••••......••••.••••.••••••••••.••••• ··- .•••••••••.. -· •••••••••••••.•.••••••••••••••••••••• 
11113.................................. 12.1 •l.7 13.7 16.l 10.2 14.11 A.ll 2.8 

(1) 
2. & 

3.2 u 2-C ..GS.5 3.11 2. 7 2.a 
11114 ................. ---·----· ••••••.. 12,3 I J.G 9. 9 20. 7 82.8 (1) 
11115.................................. • 2.ll 12. 7 IU ~2 M. 7 i!8. 4 ••• :.0.1· • e.i ··--·a1 8. 7 3. 7 12.5 

2.6 2. 4 J 2.4 147.4 
1916 ••••. •·••• ••••••• --·---· .•• ••••••• :u ,11.8 21.2 12. 2 llll. 3 33, 4 
11117.................................. 3.8 2.8 3.2 20.6 32.2 M.6 
1918.................................. J.9 :u U tl.3 18.7 21-8 

20.ll 12.8 4, II 
(1) (!) 3. 4 

11.5 4.4 3.3 

U. l 3.3 S.2 l&.6 
2. 8 2.0 :u 
2. 2 1, g 2.0 SU 

1919.................................. 2.3 2.11 8.7 22.ll 4ll.3 :14.l 17.0 II.II 4.11 4.8 4.8 4.8 148.7 
11121) •••.•••.•••••• ······---·· _. ••••• •• 2. g 4. 0 2.1.8 42. l ?&. 3 411. & 17.8 111.3 3.4 2. 7 2. 7 2.6 234.1 
111121.................................. 2.2 l.11 4.2 11.7 33.2 46,5 lA.3 144 11.3 3.G 2.0 2. 7 Jt-0.~ 
11122 .••••••••.•.•.•.•.•••••••••.•••••• 2.4 J.l 7.2 211.B M.6 85.7 11.4 a.s 2.1 1.9 2.0 2.0 l.W. i 
1~.................................. 11.3 4.& 11.a lf.2 aa2 211.2 U.2 7.U 6.3 6. 7 !U 2.11 128.0 
111:H.................................. 3.5 1.8 4.3 :218.3 23.4 .20-1 13.0 4.2 2.3 l. g 1.8 l. 7 11115.3 
1925 •. ·····-··················-······· L l 2. 6 7. 9 111.11 ::la. 0 17, B &a ,U 4.7 7.0 11.2 2.8 108.2 
1926 •••••••••.•••••••••••••••• -....... 12.s • a.o 11.11 22. a :u.2 ao.e 14.8 6.0 2.6 2. 8 t 2.1 12.2 llilU 
1m. ••••••••••••••••••••••••••••••••• • 2. a • 2. s 11. a :rr. o 110.11 M. 4 11.7 IU llU 1.6 5. 7 • s. 9 1&4 
lll'.18 .................................. 11.t 13.7 111.7 9A :U.4 I.a.II 6.4 3.8 1.11 l. 6 • 2. l 11. 8 IIIU 
100.'5 .................................. -···-···· ····-····- ·••••••••• •••••••••• ······-··· 6).0 21.4 8.7 5.8 4. s 12, 6 I 2.0 
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PART I --------------
APPENDIX B.-E ST IM A TES OF WA TE R PR OD UC TIO N IN T · 

UPPER RIO GRANDE BASIN, 1890-1935 

Drainage Areas 

Since the run-off f:rorn mnny tributary drainoges 
hns never been measured it was required to estimate 
their run-off by comparison with that of drninoges 
which have been measured. One of the first require
ments for estimating was therefore a detailed compila
tion of the drainage areas for all streams. Detail 
topographic maps are available for only a -very limited 
portion of the upper Rio Grande drainage and the 
determination of drainage areas wos required to be 
based in the main on general maps of the Geological 
Survey, Forest Service, and State agencies. Using 
these maps, the various drainnges were measured by 
planimeter and the results are given in table 193. In 
thls table the drainage areas are arranged as nearly as 
possible in consecutive downstream cumulative order 
with subtotals at gaging stations and at the confluence 
of tributaries with the main stream. 

Water Produrtfon, San Luis Senion, Colorado 

In accordance with natural divisions of this section, 
the estimates of water production were segregated to 
the closed basin, the southwest and the southeast areas 
and the production derived is the nm-off from the 
mountainous regions at the rim of the valley floor or 
xp,oro:r:im ste]y at ',he. g,500-foot coptonr. .:1 '2 1ccoum , 
ii ~iien ii production ciue to precipitation on the floor 
of the valley. Although .this is a factor in the total 
water production it is very small in proportion to the 
mountain run-off production. Of the three areas, the 
southwest is the most important with respect to con
tribution of water to the Rio Grande. Knowledge of 
water production in the closed basin becomes of im
portance in investigations looking to drainage of this 
basin to the Rio Grande. The production of the south
east area has for many years and is at present prac
tically all used in irrigation so that its contribution to 
the Rio Grande is very small. 

TABLE 193.-Drainage area.a in upper Rio Grande Basin 

BAN Ltr18 SECTION, COLORADO 

Dr4111119t A rt~ In 
Bpari Mlu:t 

Kerber Creek near Villa Grove (pge) • _. - •• - - 39. 5 
San Luis Creek near Villa Grove (gage) ____________ _ 

Villa Grove to Isabel Cl"eek, inclusive: 
Above foothill line-Group A____________ 72. 0 
Foothill line to &n Luis Cl"eek __ • _ _ _ _ _ _ _ 142. 4 

172 

255. 0 

214. 4 

TABLE 193.-Draiuagc areas in upper Rio Graiide B<Uin-Contd. 

SAN Ll'IS SEC'tlON, COLO!UDO-C'ontlnued 

Cfoacd basin-Continued Dra/1141J< A•o!4 in 
Sqll4rt Miiu 

Crestone Creek to Deadman Creek inclush·e: 
Above foothill line--Gruup B _____ . _ _ _ _ _ 42. 6 
Foothill line to San Luis Creek. _________ 130. 0 

172. 6 
Villa Grove to &gauche Creek-West side________ lt'O. O 
Saguache Creek near Sa.gua.che (gage) _ _ _ _ _ _ 490. O 

Gage to San Luis Creek. _______________ 396. 0 

Saguache Creek ___ • ____ • _ •• ____ • _ _ _ _ _ _ _ _ _ _ 886. O 
Carnero Creek near La Garita {gage) _______ 117. 0 
La Gari ta Creek near La Garita (gage)_____ 61. 0 

Carnero and La Garit& gages to S&n Luis 
Creek_ • _. ___ •• __ •• ______ •• _. _____ •• l 62. o 

Carnero and La Garita Creeks.____________ 340. 0 

Sa.n Luis Creek abon1 sump _______ ,.______________ 1,968.0 

Pole, Sand, Medano and Zapato Creeks to 
southern boundary dosed basin: 

Above foothill line--Group C-··-···----- 102. O 
Foothill line to sump ___________________ 362. 0 

Direct to sump--\\·est side·--·-·--·--·---··----- 508. 0 

Sulllp__________________________________________ 9720 

C'1 o sea ·~a.sin __ . ______________ . __ • ____ .. __ • _ _ ··2, ':!40 

Lfrearea 

Rio Grande at Thirty-Mile Bridge (gage) ________ • __ 
Direct-left bank to Clear Creek __ • _____ ._. __ • __ 

Clear Creek below Continental Reservoir 
(gage) __________ •• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 43. 0 

Clear Creek·----·-----------------------------
Direct-left bank to Wa..son. _____ • __ • _______ .• __ 
Direct-right b&llk to Wa.son ••••• _. _. ____ • __ . -- . 

Rio Grande at Wason (gage) •••• __ •• _______ •. _. __ • 
· Direct-right bank to Goose Creek .• _ •.• - •• - •• - • _ 

Goose Creek----------------------------------
Direct-rig:ht bank to Sou th Fork _ • _ ••• - . _. __ - •. 
South Fo:rk Rio Gre.nde near South Fork (gage) ••• 
Direct-right bank: to Del Norte gage. __ - ••••••• _ 
Direct-Left bank to Embargo Creek._--· ___ ----
Embargo Creek.·----------------······--------
Direct--left bank to Del Norte gage_ .. _ - .... _ ... 

163 
36. 5 

141. 0 
135. 0 
224. 5 

700 
1a o 
87. 0 
28. 0 

2Hl O 
46. 0 

162. 0 
62. 4 
s. 6 

---
Rio Grande near Del Norte (pge) •••• ___ . _ •• ----·. 

Direct-left bank to Monte ViBt& gage _____ -----. 
Direct-right bank to Pino.a Creek ______________ _ 

Pinos Creek near Del Norte (pge) . __ •. _ • 62. 0 
Pinos Creek.----------------------------------

CO- 003124 
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TABLE 193.-Droina,e GnJa.! in upper Rw Grande Bcuin-Contd. 

UN LUIS SECTION, COLORADO-Continued 

we are-Continued Dtmi~ Aria in 
Bf""" MIU• 

Direct-right bank to San Francisco Creek------- ll. l 
San Franciaeo Creek--------------------------- 24.0 
Direct-right bank to Monte Vista gage__________ 19. 0 

ruo Grande near Monte Viet& (gage)._. ____ ••• __ • __ 
Direct-left bank to Alamoaa •. __ . __ . ___ .... _. __ 

Raton Creek near Monte Vista__________ 13. 0 
Raton Creek and direct-right bank to Alamosa_ ---

Rio Grande at Ale.wo~ (gage)_. __ •• __ •. __ . ______ _ 
Dry Creek near Monte Vista____________ 6. 6 
Rock Creek near Monte Vista (gage). -- - - 3S. 0 
Gato Creek at Tipton'a Ranch (gage).... 31. 5 

Drv, Rock and Gato Creeks and direct-
. right bank to Alamosa Creek. ___ ._. ___ • ___ ._ 
Alamosa Creek below T~ Reservoir 

(gage) ______________________________ 120. 0 

Alamosa Creek_-------- ______ -· ___ --- ~ -- ____ •• 
Direct-right bank to La Jar& Creek _____ - ------. 

La Jam Creek near Capulin (gage)_______ 73. 0 
La Jara Creek ____________ • ___________ ------ ---

Direct-left bank to Trine hem Creek_. ___ - - • _ - - •• 
Trincher& Creek above Mountain Home 

Rsservoir (gage) _____________________ 61. 0 

Direct to Sa.ngre de Cristo Creek._------ 97. 4 
Sangre de Cristo Creek near Fort 

Garland (gage) -----·-----·- 176. 0 
Direct to Mouth ••. ----·---·--- 6. 0 
Ute Creek near Fort Ge.rla.nd {gage). ____________________ _ 

Direct 'kl mouth. _______ •• __ - _. 
Cottonwood Creek ____________ _ 

32.0 
8. 6 

15. 0 

&ngre de Cristo Creek _________________ 237. 6 

Direct to mouth_______________________ 20. 6 

,i 7 ."1DC:1€!"3. ~(.-eek_,: ___ - - - _ - - __ - - - - - --- - -- - - - : - - - -
Direct-right bank to Conjeos l!.frer_ _. - - - - - • - . -•. 

ConejosRivernearMogote (gage) ________ 282. 0 
Direct-left bank to mouth •• _. _ .• ____ • - 153. 5 
Direct-right bank to Me.naess.. __ • --- . _ _ 86. 0 

LosPinoo RivernearOrtiz (gage). 1 167. 0 
San Antonio River at Ortiz 

(gage) _____________________ s 110. 0 
Direct to mouth (Ms.nus&) ____ 1 71. 0 

S11n Antonio River •• ___ • _________ --- •.• 348. 0 
Direct-right bank to mouth •• _____ • __ •• 17. 5 

· Conejos River ••... ____ • _. _ .•.. - • - - - - . - - - - - - - •• 
Direct-left bank to Culebra Creek. - - - • - - • - - - - ••• 

Culebra Creek at San Luis (gage) ___ -- - - •• 220. 0 
Rito Seco ___________________________ •• 53. 7 

Direct to mouth-··----. __ .. ____ -·--_ -- 59. 0 

Culebra Creek ______ ---· - •• - ••• -·- ---- - - - . ---- --
Direct-left bank to Lobatos (gage) _____ - - •••• - --
DiNlCt-right bank to Lobato& (gage) ___ - - -- - - - - --

l, 500 
38. 6 

83.4 

1,712 

457. 7 

100.0 
6.0 

240.0 
193.4 

';16. J 
59. 3 

887.0 
186. 3 

332. 7 
70.0 
49. 0 

Rio Grande near Lobatoa (gage) ____ -- -··- -- ----. -- 4, 800 
Direct-right bank to Colorado-New 

ldexico line---------···---------------·-···- 84.4 
J7 llql:Uln miles a! Los l"ln08 11Dd 128 of Sui Antonio l'UHZ" ~ -

.e abOWll a.re tn New Mnloo. 

173 
T.u1LE 193.-Drainagc arca3 in upper Rio Grande BG8in-Coutd. 

SAN LUIS SECTION, COLORADO-Continued 

Lit•e area-Continued Drclnage Arta in 
Sqi,o,. Miltt 

Direct-left bank to Costilla River_______________ 65. 6 
Cootilla River in Colorado (included in New 

Mexico fie,ureE)-. __ - ••• _____ ••• --·- _. 50. o 

Rio Grande · a.t Colorado-New Mexico State line._ 4, 950 

MIDDLE SECTION, KF.W MEXICO 1 

Costilla River (includes Color&do area) ___ • ___ • __ _ 
Direct-left bank, to Latir Creek.---------------
Latir Creek ___ • ___ • __________________________ _ 

Direct-left bank to Rio Colorado ___ • ___ • ___ • __ _ 
Rio Colorado near Questa (gage) __ • ___ • _ 112. 0 
Direct to mouth. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 77. 0 

Rio Colorado (Red Ri\'er) _____________________ _ 
Direct-left bank to Rio Hondo ________________ _ 

Rio Hondo at Valdez (gage)_____________ 38. 0 
Direct to ATTOyo Hondo (ge.ge). ___ • __ •• _ 33. 0 

Rio Hondo ________________ ----- _______ .-----_. 
Direct-left bank to Rio Taos __________________ _ 

Rio Lucero near Arroyo Seco 
(gage)--------··--------------- 17. 0 

Rio Taos at Los CordoYa.11 (gage) •• _ •. __ • 359. 0 
Direct to mouth ___ •• _._._ ••••••.• - • . • . 37. 0 

Rio Ta.os·-·····-------·------------·---------
Direct-right bank to Taos Junction Bridge_ •• _ 

Rio Grande below Taos Junction Bridge (gage). __ • __ 
Direct-left bank to Embudo Creek _____________ _ 

Embudo Creek at Dixon (gage) __________ 305. 0 
Direct to mouth. ___ • ____ ._____________ 1. 0 

Em budo Crook ____ •• _ . _ • ___ . ____ • ______ ,. ___ . _ 
Oirect-rigm ·Jana :-o·.;,rroyo .igua.Je .:e .?etaca_. _ 
Arroyo Aguaje de Peta.ca ________ • - __ - •• _. ___ • __ 
Direct-Right bank to Embudo ______________ . __ 

Rio Grande at Embudo (ge.ge) •• __ ·-- •• _ ••• ______ _ 
Direct-left bank to True has River ••• - - •• __ •• __ _ 
Truchas Rh·er _____ •• __ •.••.•.••.•• - - •• ___ . __ • 
Direct-left bank to Rio San ta Cruz_ • - .... _. ___ _ 
Direct-right bank to Rio Chama. _ • _ •••. _ •• __ •• 

Rio Chama at Parkview (gage) _________ a 405. 0 
Nutritas Creek near Tierra 

Amarilla (gage)____________ 51. 5 
Direct to mouth______________ 12. 5 

Nutrias Creek •• - •• - - - -----·. ---- - --- 64. 0 
Willow and Horse Lake Creeks. _______ 211. 5 
Burford and Rock Lake Creeks ________ 166. 5 
Direct-left bank to El Vada Da.n1--... 26. 0 

ruo Chama below El Va.do Dam (gage) ___ 873. 0 
Direct-left bank to Nutrias Creek __ ~. 14. 3 

Nutrias Creek near Cebolla 
(gage)--------·----·-·--· 22. 0 

Direct to mouth_. __ •••••••• 81. 1 

287. 0 
133. 5 

22. 5 
51. 5 

189.0 
36. 0 

71. 0 
37. 5 

396. 0 
376. 0 

6,550 
55. 0 

10fi. (l 

·:36. ~ 
223. 0 

56. 5 

7,327 
6.4 

63. 0 
74. 6 
25.0 

i T<ieal ror Rio Orand, statlcms do not IDclnde the elOilllld ba.sio ana lo Colorado. 
1 :tncludea ~ Sqtl&n! mllm ln Colorado. 

CO- 003125 

TX_MSJ_000205



174 

T AILE 103.-Drainage m-llal in upper Rio Grande Ba1in-Contd. 

MIDDLE SECTION, NEW MEXICO-Con&lnued 

Dr11IMg1 Arm In 
Stuart ]JUu 

Nutrias Creek----------------------- 103. l 
Direct-left bank to Cebolla Creek_____ H. 8 
Cebolla. Cre,ek _______________________ 128. 0 

Direct-left bank to Arroyo Seco _ _ _ _ _ _ 44. 3 
Direct-right bank to R.io Gallina_ _ _ _ _ 70. 0 
R.io Gallina ••.•••••••••••••••••••••. 322.0 
Direct-right bank to Ojitos Canyon___ 12. 5 
Ojitos Canyon_._._ •• ____ •••••• _... . 20. O 
Direct-right bank to R.io Puerco...... 28. 2 
Rio Puel"OO •••••••••.••• _____________ 216.0 

Direct-right bank to Ca.nones Creek__ 12. 3 
Canones Creek______________________ 95. 0 

Arroyo &co (Born River) near 
Canjilon (gage) ___ • _______ • 16. 0 

Direct to mouth ••• _ • _ • • • • • • • l 56. 0 
Arroyo Seco _________________________ 172. 0 

Direct-left bank to El Rito Creek ____ 135. 5 
El Rito Creek near El Rito 

{gage)-------------------- 52. 0 
Direct to mouth_.___________ 69. 0 

El Rito Creek _______________________ 121. 0 

Direct-right bank to Abiquiu Creek... 31. 4 
Abiquiu Creek--------------------·-- 40. 0 
Direct-right bank to Bear Creek ______ 56. 5 

Bear Creek. __ -----· ___ --------- ___ • 47. 4 
Direct-left bank to Rio Ojo Caliente.. 34. 5 

Rio Vallecitos a.t Vallecitos (gage) ___________________ 114. 5 

Rio Ojo Caliente at La. Ml.l.dcra 
(pge) __ ---- - • --- - - - - -- - • 344. 0 

Direct to mouth ___________ • 171. O 

Rio Ojo Caliente •••••••••••••••••••• 515. 0 
Direct-left buk to Cbamita •••• _ . _ _ '15. 0, 
uireet-·-:_;h, ·-,1mk :o •'.;ham.itn ___ ... _ _ :;o. 2 

Rio Chama near Cham.it.a (gage) _______ 3,202.0 
Rio Chama ___ ------------- ___________ ---·-----
Direct-right b&nk to Otowi Bridge_ •. _____ • _ •••• 

Rio Santa Cruz at Cundiyo (gage). ___ ••• 85. 7 
Direct to mouth ••••••• __ •••• __ ••....•• 102. 8 

Rio Santa Cruz. ___ .-------- ____ ••• ______ -----
Direct-left bank to Pojoaque Creek. _______ ~. _. 

Nambe Creek near Nambe (gage)________ 37. 0 
Pojoaque Creek ••• - --------. - • ---- ___________ _ 
Direclr-left bank to Otowi Bridge ______________ _ 

3,202.0 
181. 0 

188. 5 
43. 7 

185.0 
6. 8 

Rio Grande at Otowi Bridge (gage) •• _ •• _. _ •••••• - • 11, 303 
Direct to CochitL. ---------- •••• --- -··-· •• • • • • 358. 0 

Rio Grande at Coohlti (gage) __ ---- ____ ------ _____ 11,661 
Direct-left bank to Santa Fe Creek.____________ 11. 2 

&nta Fe Creek ne&r &nta Fe (gage)_____ 22. 0 
Arroyo Hondo 1'.18111' Sant.a Fe (gage)____ 14. 0 
D~ Santa Fe and Arroyo Hondo 

gages ______________________________ 192.0 

Santa Fe Creek---------------------···----·--
Direct--left b&n.t to Galisteo Creek __ ._ ••••• __ • _. G&JiateoCreek _______________________________ _ 

Direct-left bank to &n Felipe_._. -- --·-··. ---
Direot,-right bank to Be Felipe-----·-··-·-----

228. 0 
1a 5 

697. 0 
254. 0 
221. 3 ---

Rio Grande Joi11t lnvesti.gation 

Tau: 193.-Drail'Ulile arel'K in upper Rio Grande Bmin-Contd. 

MIDDLE SECTION, .NEW MEXJCO-Contl~ed 

Df'ffllaft A1 
S,-t1M 

Rio Grande at San Felipe (gage) ___________________ 13,086 

Direct-left bank to Tijeras Arroyo ......... ____ • 305. o 
Tijeras Arroyo_ •• _ •••• -··-------··- •••• ______ • 144.. 6 
Direct-right bank to Jemez Creek •••••• _______ • 54. 3 

Jemez Creek Dea.r San Ysidro (gage) ••• _. 854. O 
Direct to mouth ___ •••••• ----- ______ ••• 155. o 

Jemez Creek at mouth near Bernalillo (gage) .•••• _ 
Direct-right bank to Isleta ____________________ _ 
Direct-left bank to Islet.a. _______ ••• _. _________ • 

Rio Gffil:!de at Islet& (gage) •••• ________ •• _. ______ _ 
Direct-right bank to Rio Puerco .. ____ .• _ 

Bluewater Creek near Bluewater 
(gage) ______________________ 235. 0 

Rio Puerco at Rio Puerco (gage) ••• ____ 4, 795. O 
Direct to mouth _____ ._. __________ ••• 242. O 

Rio Puereo _______________ •• _______________ ••• _ 
Direct-right bank to Rio Salado ______________ •• 
R.io Salado ••• ________________________________ _ 

Direct-right bank to San Acacia _____________ ... 
Direct-left ba.nk to San Acacia. __ • ____________ . 

1,009.0 
371. 0 
32. l 

15,002 
511. 0 

5,037.0 
77. 0 

1, 434. 0 
5. 0 

l, 131. 0 

Rio Grande at San Aca.cia {gage). _________________ 23,197 
Direct-left bank to San Marcial._. ____________ • 363. 0 
Direct-right bank to Sac Marcial_______________ 616. 0 

Rio Grande at San Marci&l (gage)_. ______ ._._._... 24, 17f' 

ELEPllANT llUTTE·FORT QUITMAN SECTlON, NEW MEX, 
AND TEXAS4 . 

Direct-left bank to Elephant Butte Dam ••• _ •• _ •. 
Direct-right bank to Alamosa River._ •• _. ____ -·-

Alamosa River near Monticello (ga~c) __ • _ 385. 0 
. :lirect• ~o .::iouth ___________ . _. ~- -.·· •·. _. ,Ztl. ) 

Alamosa River _____ -----···-----· .•. _________ • 
Direct-right bank to Rio Cuchillo. _ • _. _________ _ 

Rio Grande below Elephant Butte Dam {gage) ______ _ 

Rio CuchiUo ••••• --······--·------------------
DiJect--right bank to Pa.loma.s River ____________ . 
PaJorn.as River _______________________________ _ 

Direct-right baDk to Percha Dam _____________ _ 
Direct-left bank to Percha Dam __________ •. _ · __ • 

140. 7 
815. 6 

711.0 
79. 7 

25,923 
352. 9 
38. 8 

234. 0 
549. 0 
120. 3 

Rio Grande 11t Percha Dam (gage) •. _ •.. _ •...•. ____ 27, 218 
Direct-left bank to Lea.a burg Dam •••••.•.• ___ • • 225. 0 
Direct-right bank t-0 Lea&burg Dam. __ •. _ ••. __ •• 643. 0 

Rio Grande at Leuburg Dam (gage)._ .•.•..•.• __ •• 28, 086 
Direct-left bank to El Paso ___ ••••.•.•..••• __ • • 842. 0 
Direct-right bank to F.l·Pa.1m ____ • ___ .. _. __ _ ___ _ 485. 0 

Rio Grande at El Pa.so (gage) _____________________ 29,413 

Direct to Fort Quitman in Tell.ll. ___ .. _ _ _ _ _ _ _ _ _ _ 797. 0 
Direct to Fort Quitman in Mexico. ___ .__________ 834. 0 

Rio Grande at Fort Quitman (gage)._______________ 31, 04' 
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In the southwest area the Rio Grande is the principal 
-+.ream and the main tributaries from north to south a.re 

~mosa Creek, La Jara Creek, Conejos River, and San 
...itonio Riv~r. No tributaries of consequence enter 

the river from the north aft.er it enters the valley floor. 
The estimates of water production for this area are 
based on the stream..fiow records for Rio Grande near 
Del Norte, Pinos Creek near Del Norte, and Rock Creek 
near Monte Vista as a northern group;. and Alamosa 
Creek below Terrace Reservoir, Le. Jara Crook nen.r 
Ca.pulin, Conejos River near Mogote, LJs Pinos River 
near Ortiz, and &m Antonio River at Ortiz as a southern 
group. The Rio Grande record begins with July 1889, 
that for the Conejos River with May 1903, and the 
others at later dates and covering considerably shorter 
periods. As the principal basis for the estimates, the 
monthly record for Rio Grande near Del Norte was 
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completed for the period IS90:f§35oy supplying 
missing months from curves of monthly run-off relations 
to other Rio Grande stations or from mean monthly 
distribution relations. The record was then corrected 
for regulation above the station by storage and the 
diversions of Del Norte Irrigation District to give 
natural flow or the flow which would have occUJTed at 
the station without any upstream regulation. There 
is a small amount of irrigation in the mountain valleys 
above the station which was neglected in derinng the 
natural-Bow figures. Similarly, the monthly record for 
Conejos River near Mogote was extended and missing 
months estimated to cover the 1890-1935 period. As 
there is no storage on the Conejos this record was taken 
to repree6Dt the natural flow. Corrections to the Alo
mosa and La Jara Creek records were made for srorage 
regulation on those streams. 

T.uLE 194.-Mountain run-off to ,outhwui Gn4, San Lui& Valley 

[EmlmaUld Datura! nm 4 at rim of nl.lq. DnlDll9 - 2.!ZI ~ !Dllea. Ul'.llt, l.oxJ a«e,,leetl 
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Oi:r.,ober.................. 16. 2 
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.8 

1.0 
November............... 14, 3 1.0 
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River near 
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282 squa:re 
mil~ 
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1.0 2. 2 2.1 17.G 
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1.1 UI.O ll,O 'l'0.2 
1.1 5.0 4.a 118.8 
l.& I. 9 •. 7 17.9 
1.2 4.4 1.4 :11.4 
1.2 3. 6 a. a 36.6 

87.3 233.2 l!U.O l, 184. 3 
= 

1.5 3.0 u :14.ll 
l. 5 u a.o 33.0 
IU 6.8 10.0 &1.1 

19.0 1111.0 114-0 212.1 
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1.0 2. a 2.G IIO. l 

45.0 171.8 1115. 3 111118. 7 
I -== 
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176 Rio Grande Joint Investigation 

TABLE 194.-Moumain run,..off to aouthweat arta, San Luu Valley-Continued 

!'.orthffn group Southm:i a;roup 

YmwdJtlGDtb RioOt-:wde Unmeas- CODPJOS l.'nm-. ·rotal 
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':!JU:· 
IIQUUI 282 .BQuare SQll&l"9 
miles 

lrllll!S 
mlles 

J8R'/ 
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42.1 2.9 19. 4 

3. 0 
!3.0 

~~=-~~:::::::::::::: 41. 2 2.! rn. g 
SO. I 4.S 3l.7 

9. 0 
21.0 

No.,.embw ............. .. 21. 0 1.3 3. 7 3. 0 
December •••.•..••..•... ----1----1----·1---·-lJ. I 1. n 2.' 2.6 

Yeer .............. . 40,5. ~ 24.' 149.9 ]24. 1 

1.¥.@. 5 

11 6 
ll.5 
:lO. 4 
86.8 

138.6 
71.0 
:11'!.5 
n.4 
M.t 

l~.ft 
211. 0 
19. 4 

;ou 
l====l====l====!,===i=== 

ll/05 
1anum-r ................. . 

rl:1~?.:::::::::::: ::: :: 
tr.t::::::::::::::::: :: 
1une ................... _. 
July .................... . 
Aucu!lt ................. . 
&pt~mtier .............. . 
October ................. . 
N11vembcr .............. . 
Deeember .............. . 

j 

Ycu ............. .. 

11lll!llll'Y •• !~ .......... . 
F~bmary ............... . 
~,farr.h ................... . 

l •Prl ..................... 
May ..................... 
1une ..................... 

i~t'!'I .................. 
~~~::::::::.:::::: 
Novmioo ............... 
Deeembcr ............... 

Y!l'r ............... 
1W, 

.l'anuo,ry ................. 

~~:.~::::::::: ::~::::: 
~-------.------~---··· 
1uue ••••.•••• 
.l"uly ..................... 
August .................. 

~~~=:~:::::::::::. 
Novemht'r ............... 
Det"emi'J<,r ••••. ·-·-······ 

Year ............... 
l(l(JS 

1IUI.Wll'Y •• ......... ----·. 

tI'~:::::::::::::::: 
~~l.:: ::::::::::::: :: :~ 
1aitt ..................... 
JuJv ..................... 

=:iiei-::::::::::::::: 
Oetolm-.................. 
No\""embfii-............... 
n-ntbfor .........••...• 

Yrar •.••••.•••••••• 

1.5.l 1.4 2.11 
J:Z. l I. l 2. 4 
27.2 2.8 6.2 
4S.4 5.5 17. 7 

:no.; 15. o lj4, 9 
JGI. 7 35. 0 132. 0 

IJIJ 4 4. I 32. 5 
35.2 2. 5 13. l 
22.f l.2 S.2 
26.4 1.6 4.4 
17.6 l. 2 4. l 
]2. ~ . 9 2. J 

&,2.11 rt3 Pffl7. 1 J 

IJ.2 1. 0 2. QI 
10. l 1.0 l. 9 

. :9 'J : - • -.: - . 
1,5 .• .1.1.) _,. 1J 

:16. 7 :.'0.0 S2. f 
:1115. 7 :.:,;.o 127.t 
115. 3 8.D 4-1. u 
47. 4 3 2 H.O 
42 8 2. 6 no 
64.8 3 n 14.0 
32 & l.9 ~- 0 
18.5 1.2 3. e 

04U. l l!O. 6 333.6 

21).l J 8 4. 1 
1;.1 J. 5 3.0 
25. 2 2. 5 )O. n 
115. 2 ~-0 28. 9 

IRI. 8 10. 9 52.1 
:'IOO. 7 3.~. ,1 109.0 
:rnl.3 22.G 113.5 
92.' fl.0 211. 3 
48.4 4.11 l2.9 
30.4 ). i 6. 5 
21l. ~ I. 2 4.9 
14.l 1.0 4.6 

l.1414.S 100. 7 3~.8 

n.1 I D 2. 2 
10.1 1.0 2.l 
21.2 '-0 7.0 
4!. 2 &. g l3. 0 

10-I. 8 A 3 34. 7 
17:l. 7 10.0 !Ill~ 
45. l 4.0 :Ill.ft 
Ill',~ 3. 7 17. 7 
~-5 1.2 7.0 
l~- 7 1.1 e. 3 
12.3 .8 4. 9 
12.2 .8 2. 4 

MIi. 7 33.11 ltl.U 

CO- 003129 

2.~ 
2.2 
•. 4 

29.0 
m.o 
M.n 
19.0 

P.O 
4. 0 
3.5 
3.2 
2.3 

2Jl9. 4 

100. 0 
83. 0 
26.0 
0.4 
i.4J 

10. 0 
u 
3.3 

297.4 

3.6 
2.fl 
7. 0 

48.0 
112. 0 
70.0 
91.IJ 
17.0 
8. 0 
s.o 
3.; 
3.tl 

28e. 8 

2. 2 
2. I 
5. 0 

31.0 
37.0 
43.0 
lil.O 
12. 0 
5. 0 
5. 0 
3. 7 
2. 4 

1:.1.4 

2:u 
17. i 
411.6 
97.6 

'44.8 
614. i 
12"' 
! 

• 211. -
1;,9 

l.532.0 
= 

in.2 
15.0 
~2 . . 
3- . /. «5. 

531. 
1113. 
,4. 
83. 
81. 
44. 
211. 

1,64!0. 

29 . 
:u 
44. 

1112. 
21!S. 
li'H. 
440 . 
141. 

7.1. 
43. 
al. 
ZI. 

1. 913. 

l 
; 
3 
0 
~ 
8 
5 
6 

7 

= 
Ill. 
u. 
as. 
"'· 1112. 

5 
3 
2 
7 
0 

206 
lll :~ 
90 
33 

2 
. 7 
.l 
. 7 

211 
21 
17 

9 
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177 
T.un,:it 194.-Mountai,a run,..off w 1outhwest area, Ba,a Lui, Valley-Continued 

N ort,llem EJ(!Qp Southern IP'Olll) Nort.bem lll'ODP Southern group 

Rio Conejm Alamosa Rlo Cowjos Alamosa 
Year and month Grande Uumeu- Rh-er CrNk at U11meu- Toi.I.I Year 1111d month Grande Urimeas- River Creek at Uomea.,;. Total -Del un,d, 181, 1111:!11 Terrat'f lll'lid,W. 111mDel ured, 189 neat Terraee urflJ., ~KG Norte, MQll!o~. Reaer- None, Moaote, Re;,er-

l.UO aquare 382 volr, 115 ,q1111,re 1,320 $<JUare 
282 volr, 115 square 

IQtl!U"e miles ,quare aquare miles squan miles 
IIQU8.re SQ.Wire 

11,iles 
miles miles miles miles miles mlli,s 

---------------
zg 1911 

J&lllDrJ,' ••••••••••••••••• 13. ::l l. 2 2. 4 ''J 2.4 lU. 2 1&Dwiry ------- •••••••••• 15. 5 l. 4 3.4 (1) 3.0 23. 3 
February ••••••••••••••• 13.3 1. 2 :u (l 2.3 19. 3 Febm&ry •• -- ••••••••••• 13.6 l.3 2.5 (1) 2. 3 lU., 
Much.----·-------····· lU.4 1.7 5. 0 (I) 4. 0 30. l Manh •.•..••••. ---··--- 21. 2 2.0 5.0 (') •. 0 32. 2 

~!.::::::::::::::::::: 49.3 7.0 19. 0 u.o 29.0 ll3.3 tr.~-.:::::::::::::::::: 57.3 9.0 21.6 7.2 30.0 125. l 
Jg;, 5 u.o 75.0 2'). 2 no 1188. 7 ag 15.0 SS.5 28.6 81.0 '26.0 

June •••••••.•••••••••••. 283.4 .2a 0 ll9.0 Sl'.e 40.0 mo J 111ie ••. __ ----. --·-·····. a.2 24. 0 123. 0 40. 7 42.0 515. 9 
July. - •••••• --•• -• --- --· 92.5 6. 0 33, 7 11.2 8.0 Ul.4 July ... ····--··········· 170. 9 12.0 70.1 21.4 15. 0 281U 

:.=iiu:::::::::::::: 52.1 3. 5 19.3 (1) 13. 0 117.9 Augwl ••. _. ··-·-----·-- .!19.4 4.1 :ro.s 7.4 5. 5 96. g 
118. 5 e.o :n.1 (') Ul.O 148. 2 ~~~~:::::::::::::: 39,3 2.8 17. l 7. 2 5. 0 71.4 

October •••• - •••••••••••• .0.6 :Z.4 9.3 3.11 4.5 oo. 7 151.0 8.0 44).0 18.4 19.0 :U2. 4 
!'.o'l'1!lllber •••••••••• ____ 25.0 1.8 5.0 2. 9 3.0 37.5 N'ol'ember •• _ •••••.••••• 32. 5 1.8 6.0 (1) •. 2 44. 5 
December·-··· -- .•....•. 2'. 6 1. 8 4.9 6.0 6.5 42.8 December •• ---··-······· 25. 3 1.6 5.0 (1) 4.1 3'l.0 --------- ------ m. 1 J j 130. 9 21f>. I j 1, 912. 8 1'11111'---··········· 909,4 Gll.4 322. 8 199. 8 :lDO. 7 J,l'l02.l Year .. ·----------· 1, 078. l 83, 0 

= = JIJI) 
lllllWll'Y ···-· •• ··--······ 111.9 l. 8 3.6 (1) 3.3 28. 6 
Febrnary •• __ ••••.•••••• 16.6 1.5 2.-8 (1) 2. s 23.4 
March .••••••.•.••.••••. 40.1 6.0 10.4 (') 7.0 82. 6 

~:::::::::::::: :: :::: 83.e 17.0 29.9 11. 4 40.0 181. 9 
2ll. 5 17. 0 75. 0 29.0 73.0 405.5 Jw,e, ___________________ 
U3.4 s. 0 43.9 IS. 9 15.0 Zl9. 2 

Jtlly ..• _____ •••••••••••• 37.0 2. 2 JO. 9 II, 8 :u lloU 

=her:::::::::::::: 211. 3 2. 2 JO. 5 6. 6 :u S2. J 
111.5 1.2 3.8 1. 7 1.6 2'i.8 

Oetober. ___ ••••••• ---··· 22. 3 1.4 3.11 (ll 3.4 31.0 
November·······-······ 18. 3 I. 2 3.~ (1 3.0 26.0 December._. ____________ 

13.6 l. 0 3. 7 (1 3.3 21. 6 ------------------¥..-_ ............. W.1 ~.J! :IOU '73.4 1159.2 l, 149. l 

N ortbem llOIJP &uthem group 

'rll.lld month R!oOl'!lllde Unm.u- COJJejOS 'l'1im,e119- Total llfJOl.!'l)e.1- ured, 189 Rh·e:r1iear und, llOl Norte, 1,320 Moeate, 
&Qllllr1! SQll&re 

m~= 
squan 

l:Dlles mlJe., mlln 

IIJS 

,:;.:::::::::::::::: igJ u ~: g ~!1 
March. .•. ···-----·····-· 111. o I. 6 3. 4 2. 6 23. 5 
.itlril ...... ----···--·-··· •8. S , 1.0 1. 9 .J. 0 ·1. • 
',far...................... d7. ; · ;, ~ ';6. G l O , ::"9 .• 
·un~ •.••••.•••••• -······- ,24. u <1. o ti!., 29.0 207. 7 
July.·------·------······ 37. 9 4. 3 12. l 7. 0 81. 3 

=~==:::::======== ii ~! H H !! Nonmber. -··· ·--· ····-- 23. • l., a. 2 2. 8 :!kl. 8 

lilt 
Juuuy .•••••• __________ 

:ti":?:~:::::::::::::: 
~:i-:::::::: ::::::::::: 
Jw:,e. ·····-···· ------··· July _______ ............. 
All81.l,IL- •• -·· .•.••••••. 

~~~~:::::::::::::: 
November ••• -·······-·-
Deoem her ••••••• - -··· ••• 

y_. _______ ....... 

Y!'t!.randmontb 

1114 
JIUllllll'Y ••••••• ·-·· ·- •••• 
:February __ •••••••••••••• 

!~t::::::::::::::::·::: 
JWJe ••••••••• -·······----
July. ·------·-----···----
A~t •••• - .. ·--·····--· 
September_ •••.•••••••••• 
October··-·.------······· November ..•......•••• __ 

21.2 l.D 4. 7 (1) ,.o au 
16. l 1. S 3. I 3.1 5.5 2'11. 3 
17. 7 1. 6 5. 6 3.4 10.0 38. a 
34.8 3. 0 13. 2 4.1 19.0 74. I 

230. 9 20.0 u•.o 33.6 107.0 1505.5 
2,511.0 20.0 103.0 33.4 as.o ~60.4 
100. 7 8.0 3lU :ZI. 8 10.0 l&. J 
48.8 3. 7 9. 5 10.5 ,.o 76. 5 
26. l 2. 2 3.8 3. 2 2.0 37.3 
23. 7 1.5 11,0 

(1~ 
4.0 34. 2 

11!.I 1.0 11,J (1 3.8 26.0 
11, 3 ,/ 2.0 (1 2.0 16. V 

------· ----------812.4 85.1 307. 6 t 113. l 200. 3 I, .lOI. 5 

Northern i:roup Sootlli!':fn i;roup 

RloOrande Unmeas- Conejos t:nmeas· Total neai-Dt!l med, l81l Rl\'et near ured, Ml !'l:ort., l ,320 M~ote, 
Sfll:Wt SQU&ru 

282 sauare 
S•,1ua.re 

mll@B mllee m a miles 

IU.3 I. 5 2. 9 2.8 211.8 
17.3 1.5 2.7 2. 5 :It. 0 
'll.2 ~- ~ 5.0 33. 9 
'6 .. . -~ ~ :::9.J -~. J 

.:Ol. 6 ;,. 0 ' .l.'!.d 7'1.V J.15. ~ 
254.9 21.0 80.3 .l0.0 406.2 
117.0 8.0 28. l 17.0 170. l 
M.O 3. 6 18. 9 11.0 au 
33.9 2.2 17.0 12. 0 !lb.! 
411. 3 2. 6 13. l 9.0 70.0 
17.3 1.2 , .. 3.5 211. 4 

Deewnbef._ •••• _________ :k.O 1. 5 4.8 4.0 81..3 
1-----1------1-----1-----1·--- n..mber _ - . ·····-------1----1-----:-----1-----1---13.0 .9 2.3 2. 5 IU 

au j Year_.............. .!!74.11 37.2 m.~ 143.l 1112.1 

Year and month 

1114 

~ ::: :::: ::::::: ::::::::: :::::::::::::::: ::::: ::::::::::: ~: 
~ :::::: ::: :::::::::::::: :::::::::: :::::::::::::::::::::::::: it! 
J'ub---···-·····--- .•.....••.....•.••.. ------· ...• ---·· -· .... --·· 111. 9 
AllJWlt.-•• ··---·. --·. -·. __ ·-···· •••• -······· ·-·· ---·. ••••••••••• ae. 8 
8ep(em!Jer __ -·······-··········-··-----··----· ····--····-··-·--· :18. l 

=Iler:::::::::::::::::::::::::::::::::::::::::::::::::::::: ii~ 
December •.•••••••••••••••••••••••••••••• · ·······-----·········· 12. 7 

1. 2 
l. 2 
1.5 
a. 7 
7.0 

lf.0 
6.0 
2. 7 
1.9 
].! 
1. 2 
.8 

Yllal'.------········ 

2.3 $! 2.8 
ll. 7 (l) 

18. f II. I 
36.4 17. & 
ns St.II 
'3.0 14.6 
lll.9 f.U 
G.O 2.J! 
11.0 u 
a. 6 ~1 2. 5 

818.9 

Southern croup 

~:~ 0.8 
.9 

(I) 1.li 
2. & H.O 
8.3 30.6 
2.0 28.& 
·l.8 0.3 

.11 2. 7 
.4 1.2 
.3 l.l 

('J 1.2 
(' (') 1----·1----·1----·!-----1-----1--

Year -·-------··---····--·····----···---- ···--. ••••• .• • •••• eu.o «. 7 B.f 182,f I ll.3 1811, 8 

2S3.2 21~.3 l. 348. 1 

Tota.I 

(1) 
0 

2. 0 18. 9 
l.4 3:1.l 

.2 1.3 26.0 
4.5 a. 8 101.3 
ti.O f.3 a.a 
1-A 3.1 3ti1CU 
.3 • 7 164. 7 
.!I 0 l!IU 
.3 0 40.4 
.3 0 n• 

(1) 1. 8 211.8 
(') 2.6 18. & 

812.11 20.9 l, 142. 4 
l=====!====l====~==='i====l====l====l===•I=== 

e 110 ~ Ill £1ven I.he nm-off wu not ~ and It& estimate llllll been ID.eluded In the atlmat• for &hG 1l.lllDea.sw-ed lflla. 
ll Y-. MIS9.!nc mont.bl ue .!Deluded ln tile t"'8.1 lor tile~ llfl!la. 

CO- 003130 
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178 Rio &antk Joim Investigation 

Y-.r 1111d month Tola! 

-
1Pll1 

J'euarr---··-··-·- ········-- --··· ······-··---- .• ••.•.••.••• .• . . . 19. 2 
Februar}' - ••••••• ·---- ·--- ·- --·- ---- -· ----- --- ----····---- -· -· -- 17. 6 
Mvcb. --··········----·-··················· ·······----- ·-······ aa. 6 

~ :::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::: i} 
,l'uly •••••• --- •••••• ----- --- ••• --- ---- ----· ••••• ----···· •• -- •• -·.. 110. l 
4D81lSt---••••····-••••••••·····--··---·--••••••--··-·· .•....... 93 . .'I 
t'J::i:,w :::::::: ::::: :: : :::::: ::: ::::::: :: : : :::::::::: :: :::: :: :: i 
November...................................................... 3.'I. 5 
Dealmber •......••••••...• ····-···· ...••••.. ····--········ ...... IS. 2 

1. 7 2.4 

f:l 
(1) (1) (1) u 25.ft 

J.5 a.o s~ (1) fl) 2.7 24. 7 
4.2 !. 2 ) <') 1) 4.1 49.0 

13. 0 2J. 7 8.G 7.0 15.2 e.s 10.2 162.l 
13. 0 QIU 82. 5 7.3 fi8.2 14. 7 7.1 405.4 
111.0 U!I.O ~.5 1. 2 87. t 2. 2 1.8 04,3 
11.0 50.2 13.S l.3 11.2 7. 7 .,'I 200.5 
G.O 24.0 G.5 1.6 3.3 .e .l 131!. 6 
2. & 10. 8 3.8 • 7 1.8 .2 0 156.5 
4.4 :Ill. 4 6.8 .II a.5 .9 .1 m.2 
2.0 7.5 (l) m (1) (1) 8.0 60.0 
l. 2 4.0 1.8 (') (I) 3.0 2S.2 

1----1----1----f----1-----1-----1-----1-----1---
Year - --·--·- ------··--· ---- -- -- ••• ·------ ••• ·--- •• -- . ----- llt7. 8 76.5 W. G 1111.0 1111. 7 1131. 6 132.11 au l,'12C.2 

1111 !===•!====i====F===i====•i====i====lla===,f=== 

111.DUU'l'---------- ---------- ---··-------··- ••• ----·-------- •• -• • 111. 6 

If~::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~ ! 
ti:1:.:::::: :: : :::::: ::: : : :::::: :::::::::::: :::::::::::::: :: : : :: :: ~ 
.Ti:me •• ----·····-·· -·--··------ ····------·········-·············· m. 5 
July •. -·································--·····-------·········· l~. 6 
Alllll9t ••••••• _. ___ • ···------ --·· ··--·. --·····- •• --······----.... IIC. ~ 

~~!Jgr :: :: :::::::: :: : ::::::::::::::::: :: :::::::::::: :: : ::: :: ~ ~ 

l. 7 3. 7 (1) fj (1) (1) 3.3 31.3 
1.5 3.4 1.1 (l~ 

(1) 4.5 27,0 
1.11 5.0 1,2 ~: (1) 15.0 M.4 
t.3 l.{U 5.8 6. 7 {') 2.5.1) 102.e 
7.0 48. 4 18.8 11.3 32.6 9. 3 12.4 lll!O. 7 

3&.0 1311.0 1!8.0 a.2 45. 7 2.6 11.0 871. g 
1'.0 76.2 :II.& 0 12.1 1.2 0 nu 
3.6 LU 7.3 0 2.0 • 3 0 'II.I 
l. 7 6,4 2. u 1.1 1.3 .7 0 118-8 
l. 2 3.1 1.3 1.1 .a .2 0 :14.5 

Ncvem ber ••••••• ----- __ •••. -·-----. ----·- •• __ ----··--- ••••••• __ 1'. 3 
l::llannbar •.••••••. -··· •••••. --· •.• _ .•• ··-··.... ••• •••••••••••••• 11. II 

1.0 2.6 .8 .8 .s .1 0 :I0,4 
.7 u (I) (1) (!) (I) 2.0 lG.2 

l----l----1----+----1-----l-----1-----1-----1---
Y11ar •••••••••••••••••••••••••••••••• --------···-·········· 912. 8 74.6 nu 1135.2 121.1 185.1 11'. 3 57.9 1,11,11,4 

!===•!====l==-==t===!===•l====l====l===,I===== 
JIB/8 

lllllU.lll'Y--------- •• --- ·- •••••• -- • ---- •••••••...• ---·---- ••• -- • • • . 12. 7 
fibruery. _ .••••••••••••. ·----··········-····-··---- •••••••••••• 12. 8 
Mvcb ••••••••••. ·- ••. --------. --- • ------. ··------· ••••• -------- 17. 2 

~·.::::::: :: ::::::::: ::::::::::: :::::: ::::::::::::::: :::::::: I~:~ 
lime ••••• --- -- ••••• --- ....•.• -- . --- ..• --·· •..• ------------...... H4. 6 
luly _______ •• ·-- •• ----- ••••••• -- ••••••• ·--. -- ·---------- ••••••• ·- 1111.11 
ADIU!tt. --- --------. ----------· ---· ···---· ···-----· •••••• -----··· 83. 9 
:.:her:::::::::::::::::::::::::::::::::::::::::::::::::::::: :: g 
November .• ---·.------- .. ----.---------····------···· .......• -- z. 6 
n-i:n1ier .• -·················-···-········-········--··········· la II 

1.0 u f.l (I) fil (1) 1.7 lU 
1.0 u {') (I) 2.0 17, 7 
1.5 f.D 2.1 (1) 1.5 ('} 11.0 ii0,2 

.1.5 tu a.• r II.I i: 10.0 11:J.f) 
6.0 tilll.i 18.8 a IU.4 17.0 :N7.~ 
8.0 IIU.3 24.3 19.3 fl 6.0 u 30.1 10.2 (1) 5.1 1) 2.0 
2.S 11.9 u (1) 1.4 (l) .II 
2. 6 '7.1 (I~ (I) 1.l 

m 
4.0 

1.4 f. I 

fa 
fl 1.0 2.e .. 

l.3 3.4 UI 1. G :18.0 
1.0 2.11 ,:! (I) 3.11 3).1 

1----1,----1----1-----1-----1-----1-----1-----f---
Year •••••••••• ---······ ••••••••••• --··-·······-----·····-· 6llS. ll au 2'.llG.O 

, 
Rio Pl11os Rock CcneJoe Ymra.nd month Omnde Cniek near Umoeas-

llSl Del Creek nMr Moote lfflld, !ill Rlvernllilll' 
N0?16, ~I Norte, Vista, 38 ll(lll&re 

Mogoie, 
1,3:IO IIQll&l'e 82 IIQtw'e IQllllll'll m1lm :182 m5ll:n' 

mllts mJl«I 1Dl.les 

1SlS 

fi=y ::::::::::::::::::: ::=:: :::::: 
15.4 (1) (1) 1.4 2. 7 
U.ll (1) (l) l.4 u 
21.e (') (1) 1.8 l!.ll 

~ :::::::::::::::::::::::::: ::::::: M.6 4.0 :u t. 7 28.5 
242.9 8.4 u o.a SU 

li:me •••••• -••••••••••••••••••••• ·-····. JS3. 6 3.6 2.e 11.0 61.9 
111.l:v •• ·-·--··------···-·--- ---·· -•••• -- 107.8 t. l 2.D 2. 2 au 
A.ncmt. ·---···-------······-----···· •. 64. l 1,; 1.0 1.0 10.8 
llll!Ptamher ••• ···---•• ····------••• -••• - 28. 7 1.0 .4 ., u 
Od.ober •••••••• -----. ·······-· ---- •••• 13.8 • 7 .4 .3 .. , 
NOVl!mber •••••••••••••• ·····- ••••••••• 111.11 .7 .6 .. 3.8 
Deeember _ ------------ •••• ···- •••••••• 111.3. (I) (I) 1.:i IS.II 

Year ••••.....•••••••..•. ----·-··· ma •:ia.2 • 111.11 Kl lNG.4 

182,9 -- ........... _ ~ ~ ... I 7(.1 ................. ___ ¥ 

Jouthern rroup 

Alamosa t.1.111'9. Los P!noe BlllD All• Creek at 
~ Creek Dn:I River near f.Qll.loRlver 

:a-voJr, C'-al)lllln, Otta, 157 at Ortl~, 

11.li~uare n:re lllqtlarfl 11°m5:f:re mlle.1 

(Ii (I) (l) (1) 
(! (1~ ('l ('l (1 {1 {' (1 

IU G.1 21.& 3. '7 
M.1 a.9 H.1 10.a 
22. ll C.ll 1'7.0 I. I 
12.4 3.6 7.8 1. 7 u .8 4.G .a 
2.0 .7 u .6 
1. 0 .'1 l.3 .4 

r,~ .8 1.1 ~:1 (') (') 

187.3 • 25.6 I lQ!l.3 '18.4 

co - 003131 

&2.4 

Unmim-
ured.130 
IQWll'l! 
miles 

2.e 
3.0 
7.4 
IU 
11.2 
iU 
1.4 
0 
0 
0 
1.a 
a.a 

46.7 

11183.8 

Tela! 

,Z.I 
21.8 
aa.o 

lM.8 
etU 
11.2-9 m:., 
'19.D 
ns 
13,0 
:Ill. 7 
:111.U 

1,192.2 
= 
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N(ll:'tbenl IP'OUP Sootbmi l:l'OUP 

Wo Ptaw Roell:: Conejos Alamo. Llillll'II Los Pino, SanAn-YIIIU 111!d mootb Qrud• CJ'11eku00,J' u- Cnuat Uumea.a- Tot&! 
-Del Creek Hill' Monte wed, 119 Rivltl'Jltllal' Tl!lmliH c,-11::net.r River DIA!' tomo River ured, 133 

Norte, Del NOl't!!,, Vista, 311 square Mccote, ReaentoiJ', Capulln, Ortu, 167 at Ortlt, 
lqUlll'e 

1,nllQllml 62:n' llqlW'l! mllee 1182~\W'e mz-e 73:tf:e 11(1Ua1"e uo~ mile, 
IJllla JmllS mlles 

l/11() 

~=-, :::::::::::::::::::::::::::::: ~} 
Man:h................................. 111. 2 

t.r.;1: ::::::::::::::::::::::::::::::::: J~ ~ 
JUIIIL... ••••••• ••• •••••••••••• ••• • • • •• • 374, 2 
lilly •••••••••••••••••••••••••••• _...... U-0. 6 
AQClllrt •••••• ·········-······--------·· 63. 9 
t-:i:ber-------··---·····-··········· ~J 

(1) (l) u 
(1) (1) 1.5 
(1) •• 1.3 

1.3 .8 l.ll 
14.0 a.7 ll.7 
20.2 t. 7 ll.2 

11.ll u :u 
l.6 1.0 1.0 
.7 .4 ,3 
.7 .4 .3 

S.3 fl) (1) (') (I) 
3.1 (l) (I) (') (') 
II.I 2.0 (1) 2.0 1.8 
11., ll. (I u !\.(I 1.:u 

1111.0 38.4 10. 8 16.11 34.0 
l.fl8.0 M.S 1.1.4 45.8 ll.O 
07.0 23. 7 a. 1 9.(1 .o 
20. 7 7.1 3.1 2. 7 .8 
6. 4 2.1 l.O .8 .4 
ll. l I.II .9 .8 .5 

3. l :1111.0 
3.11 2.5-2 
u 83.2 
2.0 81. 1 

14. 5 .689. 2 
5,3 711. 3 
l, 5 21!6.6 
.2 11'2. l 

0 38.6 
0 35.5 

Nove:mbe1............................. :12.2 
»-albel-............................ Ul.4 

(1) ~? L4 
(') 1.1 

3.11 (1) ,8 .9 (') 
3.2 (I) (1) (l) (') 

1. 6 IIO. 7 
3,0 23. 7 1----1----11----1----l·----1-----1-----f-----1----·i----·I----

YIIIU' •• ·-·······-···---·-········· 1, 01&. ,1 l====ll====ll====l====l:==== .. 1=====1===="'1=====1====01====1 
1,M.O 111.2 31.6 430.2 • H2.7 12,S.l • 147.2 165,5 36. 4 l,IM3. 2 

=-= 
1111 

Jauu.ary __ ------···-· •••• ---··---···· .- n. 5 
Ptib?WLrY •• -- ........... -•• ---········· 11, l 
Mllrell •••• __ ••••••••.• -•••••••.••. -.... 2'1.l! 

t/:i1:::::::::::::::::::::::::::::::::: g, ~ 
J'mie_ •••• _ ••••••• ········--· •••• --···- 378. 5 
,Tul7. ----···----····--···--····-······· 1.38. 3 
Aucust. ··············-····---·-------- ae. s 
~bar::::::::::::::::::::::::::::: l; 
NoTIIJDbar ••••••••.•.•••••• --··· ••••••• :a. a 
l>eoamber _ -----·-----·----··---······· 17. 7 

(1) (1) L5 

fl f:l u 
l) 11.0 

1.1 .6 l.2 
6. 6 1.8 8.6 
8.1 ao a. 1 
a.4 .8 l.7 
2. 7 .8 L2 
1.8 .4 .8 
.II .2 .2 

(1) (1) u 
(1) (1) 1.2 

2. g (') (l) (I) (l) 
u (1) (1) ~:i (') 
7.1 (') (') (') 

JO. g (1) (1) ~:, (') 
1!3.3 (') 4.0 

f 
100. 0 (') l.3 J) 
31.3 (1) l.l p 1) 
111.3 (I) .8 ') 
II.II (') ,6 ~a 1) 
lU (') .8 I) I) 
3.1 (I) (') ~l) I) 
:u (I) (l) 1) (') 

2. 7 24.6 
2.8 JUI 
5.0 42.9 
7.0 MI.O 

48.0 337. 7 
67. 0 ae&.6 
1.5.0 191.6 
1.2.0 1.23. 6 
4.0 eo. 6 
a.o k.l 
2. 8 21Hl 
2.l\ Zl.9 1----1----,1----1----l·----1-----1-----1-----1-----1-----1---

YIIIU' ••• ___ •••••••••••••••• - ••••. - 1,025. ~ '24 .• • 41.3 21.0 200. l ---.................. • 11.5 . ... _ ........ _, ....... ~ .......... _ ..... _ .. _ ... 171. 8 l,&18.8 
1===•1=====1====1===•1====1====[====t===t===•l====I=== 

1MI 
J&DllllfY-------····--···---··---·····-· 111.0 3.5 
February ••.••••••••••...•• --···-······ 18.3 3.6 
)4111Ch.--.-•----·•·---·••--····-···-•·• 22. 9 II. ll 

tJ:r::::::::::::::::=::::=::::::::::: ~g 1~:i 
'"~---·····--··--·----------------···· 323. l 1211.0 

(1) (1) 1. 7 
(1) fl) 1.6 
(1) (I) 2.0 

1. e, .6 u 
lll.l\ 3.1 8.1 
18. 7 2. (I 10. 0 

(1) (I) (1) (I) 
(1) (l) (') (') 
(I) (1) (1) (') 

6. 2 (l) {') (') 
112..2 u (1) (I) 
38.8 2.f (l) (1) 

3.1 27.3 
~-11 JI.O 
8.0 18.4 

20. 0 87.11 
&'l.O 153&.9 
43. 0 Mt.5 

U3 ~5 
\. ---·----·············-·-······· 60.6 ll.3 lber.-···············------------ 211.~ 3. 6 

All'-·-·---······--···--··-······-·· UI. 8 2. U 
hvffZD.be:r •••••••..••• --••• -····-······ 16. 2 a. 7 
J)aaamt)er ______ • ____ •••••••••••••••••• 1.1!. l 3.4 

2. 6 1.0 1.4 
1. l .8 .6 
.II ,4 .3 
.7 .:i .s 

(') (1) 1.2 
(1) (I) L3 

10.0 &.8 (l) r 4.8 u (1) 1) 
3.2 .6 ('~ I) 
L:Z (l) (I ') 
1.3 f.l (l) (l) 
1.5 (,l) (I) 

11.0 182.6 
:u 1118.5 
L7 ll!l.ll 
LS 26. 0 
2.0 241. 4 
2. 6 IA.II 

y~ ................ --••• --..... 1---.-5-1-----1-----1-----1---1-1L-2-1-----1-----1-----1----+----l· 13&, 7 •s.e ao.o • 1111 • .2 IJ6.0 -- ... --- ...... ---- --- ... ----·--- 180.11 l, 1112. 8 

tif3 

~~i:;~7. --·· ... --· .... ----- ... : .. --· -' 
:.!=-----···-····----···-·· ···-···· --
tt:;1._ ~: ::::: :::: ::: : :: ::: : :: ::: : :::::: 
one._ --- -··- ---·---···. ---·· -- .••••••• l 

.r Dly •• --· •••••••••.•••••••• ----. -------

~~Mr --- ---···-· ·- .. --·- ...• ·- --·· 

No'9'11.1Dbel -··---·-- .••••••. ···--···--·· 
l:>«ember - • ······-··· ·····---.. ------· 

Yem-----······--· •• --·--·····- .•• ,,,, 
l ~~~ -~:::::::::::::::::::::::::::: 
.M:arcb •• _ --·- ---·-·---··. ·-·· ••.••••••• 

tr.:·.::::::::::::::::::::::::::::::::: 
one •• --- •• ··-------···---------··-- .•• 
uly __ ••••••••••••••••••••• -- -· •. -····· 

AD1111St. ---·--·-···-·-···--············ 
CAim ber. --••••..•.• ---···- --------·· 

Ociober •••••••••••••••••••••••••••••• --
NOT1U1Jbel.---···---·····--··---··-·-·· 

bet. - •• ········-··· -------------

Year··----····--····-···-········ 

~a 2 ....... , 
:-10 •• 
311.4 

:nu 
11:Sl.8 
113,3 
113. 4 
IIO.I 
114.2 
llt.9 
:r.u 

878.8 

111.ll 
17.6 
JQ. 8 
72.8 

D41. 7 
JllU 

1111,(l 
:111.2 
JG.! 
JI.II 
12. (I 
14. 5 

m.11 

fl} 
I) 
,') 

(I) 

l. 6 
ll 4 
8. 2 
2.11 
2. 3 
1.11 
1.11 
.9 

127. 7 

fi~ 
(I) 

4.9 
12. I) 
7. 7 
1.8 
.8 .a 

r.l 
• ll8. II 

'1) 
1) 

,') 

(1) 

.6 
2.8 
2.1) 
1. 3 
.II 
.11 
.9 
.15 

19.8 

f.} 
(1 

3. 7 
II.II 
1.11 
.7 
.3 
.2 

~:1 (I 

111, 5 

'..5 
., .i, I 

-3 
1.4 
~5 
3.7 
1.1 
u 
t.O 
.a 
.6 

1.e 

:11, ,5 

1. 7 
1.6 
L7 
a.e 
ll2 
4. 7 
.II ., 
.a 

L2 
1,0 
1.1 

28. l 

'l. 0 '.3 

.. g 
.. J I 
ll 

22.0 41 
121. 0 32. 7 
m.o 31. l 
42. ll ll 0 
2:U 4.4 
19. 7 II. 0 
17.& 3.3 

6. 2 4.3 
u 15.2 

3114. 4 JOll. ll 

'-' f~ a. 7 
t. ti I) 

M.O 7.8 
lOII. 0 &U 
81. II 241.11 
27.l! 15.4 

G. 5 :Z.7 
11.2 Lt 
a. II .11 
II.II 1. II 
I. ll LJ 

28'.l • 82. 0 

=-== 

}:j (' fl :. 0 3tl.O 
(I as.o 11'J.9 

IU ~: (:? 1111, 0 C'lll.4 u 

r 
40. 0 41!6. 6 

6.1 (l :i 10. 0 l'll . .5 
2.4 l: 4.2 102. 2 
l. 7 

fl 
4. 6 N.8 

u 4.6 1113. 7 
L2 f. I) :u &l.O 

(l) 1) 4.' 18. 3 

• 22. 5 .... ---........... -- .. ---- .. ------- 212,4 l,8117. 0 

f~ m 
f:1 

u 211.8 
3. 0 11:S. 7 

(!l 3. 4 29. 3 

f'l l 4LO 1118.8 
4. II ,:! 87.0 802.l 
2.1 ) 61.0 illll3.3 
4.8 (I (lj ll 0 100.8 
l. 7 fi 2.1 40.6 
1. 0 (') 1.t k 11 
.• 9 1.3 'l 0 2'7. l 

.7 1.8 .2 0 211. 7 
(1) (I) (I) ::u.1 S'A-2 

1111.4 • 11.1 •. 3 ~lCU l.Jlil0.11 

CO- 003132 

.. 
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180 Rio Grande Joint Investigation 

TABLE 194.-Moumain ru,w,ff w 1outhweat arta, San Lui, VaUev-Continued ---
Yearlllldmonth Total 

lff4 
J&n1UJ7 •••••••• --- •••••..•. -·-···----· ••••••••• ··- ···-···--····· H. g 
February ••.••• ··- ..••••••.••• ··-----·····...................... 15. 4 
Ma.rcb_ ·--·-·· .••... ·--·· ·-- ·-· ••••••.••.•••••...••••• ··-··-···· 216. e 
ti:#-.:~::::~::::::::::::::::::::::::::::::::::::::::::::::::::: I~~ 
June •• -----.·-·.------·-.·--·- ... -· ..... -·-· __ ·-.----. -- .. --···. 171. S 
Julf--···············----···············-··--·····--···-···· ---- 78. 5 
Auru•t·----···-··---··-···--------····-·--····--·-··. ·----·-···· 45. 2 ~t!:/>er. ---··--··--···--------·······--·--------·--·-·-----·· =:: 
Ncvember. _ ·-· ____ ....•... -·--· __ ·- .. -------- ... ___ .. __ ··--·--· 24. e 

1.4 3.0 !') (1) (1) (') 
1. 5 3. 0 (1) (') (') (1) 
2.& ,U (') LO (1) (') u.o IU 1/.11 3.1/ 20. 8 5. 1 

11.0 71.11 Zl.11 3.4 26. 4 2.1 
10.0 M.7 111. g 1.0 11.5 .6 

8.2 :io. 7 II. 4 .9 3.1 .2 a. 2 H.9 5. 4 2. 0 4. ~ . 3 
a. 7 &5 3. 5 • 4 1.8 .l 
3.0 11. 2 :u .4 3.3 .I 
].6 a. 8 2. l .2 1.8 .1 

2.9 22. 2 
2. 7 2:U 
3.0 311.6 
IU 146. 7 
4.6 310. 6 
u 2611. J 

. ' ll8. 4 

.l 75. 6 
0 74.3 
0 7f,, 7 
0 37.2 

December ....•••...••.•• ----········-·····---·---···---·····---· Zl. S 1.8 u (') (') (l) (I) 3.3 1111.8 
1----1----1·----1-----1-----1-----1----1----l--·-

Year .•••• __ ..•••• ----· --··· •.....•• ··----- ..•• ··-- __ .•• ·-- 7411. 2 MO 233.2 • 81.2 I ]3.2 ,n.2 t 8.6 ~-2 1.227.S 
/====t====!====i====i====\====i====l•===I=== 

lef6 

1&nWII')' •••••..•••••••• ·••••••• -·-···. --- ..•••••• ·- .--··········· 19. g 
February .•..•... -· .•. -····-·····-········----····---· ..•...•• __ Ill.~ 
MlllCb--·······--·······-·······-- .. -······-·····. ··--···· ····-- 17. 7 
tr.r:::::::::::::: :: : : : :: ::::::: :::::::::: :::::::::::::::::::: 1:&: ~ 
IIUIII._ •••• ·--· .•••••. ---- ··- .. ·•••••·· ..••••••••...••••.•... --·· 195. 2 

l. 7 3. 8 (') (I) (1) (I) 
I. 4 3. l (') (1) (1) (') 
1.6 4- 4 (1) (') (') (') 
3. 5 18.1/ 4.3 2.9 15.0 8.2 

10. 0 75.9 23. l 6.; 46. l H.4 
1.4 112.8 2i. 3 2.0 22.4 .9 

3. 2 :au 
2.1 22. 7 
11.2 20. g 
•. 2 94. 2 
9. 0 ~-9 
3.0 IM~.O 

July •• ·····················- .. -····-·--·······- .••.••. ·-·-···-·· 76. 6 
A11111.t ••• ····-·· ···-- ·····--- ..••••. -· ..•.••••....••••... ·-···· 42. 5 
~=rbe'·····-·····-··--·-··········-·-·--·-····---·---·-····· ::: 

5. 0 27. l S.1/ 2.2 4.3 .2 
3. 0 9.2 4.2 ,6 I. 7 .2 
1.4 2. 7 1. 5 .4 .Q .l 
1.3 3.S .9 .ii 1.0 .I 

.9 125.2 
0 eu 
0 27.9 
0 27. 9 

NoTember .. ·-· •• ··-·· ••• --------·········· •.. __ .••••• ··---···.. JG. 9 l.l 3.0 .. .3 1.1 .2 0 23.0 
Deeembe•.·-··· ····-·······-···· ·····--·-·······-········-····· 17. o 1. 2 3.0 .6 (') (') ~) 1.9 23. 7 1----·!----·1-----1-----1-----1-----1-----1-----1----

Year ••••...•• -····. ·······-------· --·- ..••• __ ---- _ ··--·. .. e:!O. 5 32. e 248. 7 J 71. 2 J 15.5 t 1)3, 5 i 24. 3 :llU I, 153. 4 
1====1====1•====1"=== ... l>====l=====!====,1====, = um 

t~1:~t ::::::::::::::::::::::::::::: :::::: :::::::::::::::::::: i} g 
Mare.b •••.•....•••••• ---····---······· .. --········-· ••••• ·---··· JS. S 

tf..~ ·_::::::: :: :: '.: '. :::::::::::::::::::::: :::::::: ::: : : ::: : ::: : : 2ff ~ 
IUJJe .•••••••••.•.• ··---·· •••.•. ---· ..••• __ ••••••. --· •••••. __ .••• 229. 2 

1.4 2. 7 .1/ (') /1) (1) 
l. 4 1.9 1.2 (!) (I) (I) 
l. 7 3. 9 2. ~ (') (1) (1) 
1,1,0 24. 2 7.0 3.3 ]2.0 ,. 7 

18.0 96. 9 32. 3 4.~ 156.9 H.O 
15. 0 !IQ. 4 31.0 .9 26. 4 l, i 

2. 5 22. 4 
3.0 2:U 
6.0 32. g 
4.1 125. r 
11. l '' l. 4 

Joly __ ••••• ---- .••... _ ..••..•.....•••..• ·--· .••.. --· .•••.. __ .••• 139. I 

~~:bt'r.. ··--······-- .. ····---·······--········---·······--·· l~ ~ 
Octobtr ..... ----- .•.• -- ·---·---------- ---------··· ·--- -------·-- 7ll. 11 

1:1,0 43. 5 H.5 1. 2 7.0 .e 
u 16. 6 6. 7 .9 2. 6 .2 

10. 0 . 21. 8 8. 3 1.2 G. 0 • 7 
3. 9 H.6 4.2 .9 3. 7 .4 

.5 
0 
0 3. •. -

. l 1111.7 
November •. ··--······-·--···············--·-·······-···-···---· 31. 5 2.0 8. 4 3. 3 (I) 2.1 (l) .8 4& l 
n-mber __ .. -··------····· __ ---- ·······-··-------·- ·--- ---···· 22. 0 l.3 4. 4 (1) (1) 1.1 (1) 2.h 31.3 1----1----·l-----1-----1-----1-----1~----1-----1----

Year .... _. ______________________________ ···--····-··--····1=::l,=, .. 01 .. 11=.e=b=== .. l>====l:===='l====l====l====l====I 77.5 1!44. 3 I IJQ.9 I 113.0 • ll7. 8 I 25, 3 27. 6 

:3t8 
·anuary ••..••... ----. _ ...•.•• _ · _ ..••.. ······----- _____ • ---• _ --- . 
February ••.......•••......•••• ··--·· •••••.•..•••• ··---·····---· 
Much_.------ .•.. -- -- .......... -···------···- .. ---··. -·-. -- ••.. 

~!.-~. :: ::::::::::: ::::::::: :: : : : : : : : :::::::::: ::::: :::: :::::: 
June .. - . ·--·-··--·-· ... ------- ···········--------- ·---· ---- --·-· 
July. - .••.. --·-······ ---····-· ---······· ·--·. ·····-- ·······-···· 

~Er bet:::::::::::::::::::::::::::::::::::::::::::::::::::::: 
No•emller ..• ···--- ..•••.....•• ------------- ... --- .- . --- _ --· .. -
December._.--····----··-·------·····----······---······---···· 

Year .•.•..••. _······-·········-····· .. -·· .••.. ---······---

1H8 
1anuary . ___ ·-··---. _ -------- -· ... ------------ .. ___ .. ___ . --·· .. __ 
February_ .. --·······---······---··-·· ••••••••••••.••••••••.•••• 
Mill'l!h. _ -· .. -···-- ••• ---- ----- •• _ --- .. ---- ...• -----·. ----. -- •••• 

~ ·::: :::::::: ::::::: ::::: ::: ::: ::: : :::::: :: :::: ::::: ::::: ::: 
lune .• ----·-···---------------···--·---------------··-------··-
Jul:, . ---········ ····-· ··---··-···· -· ..•• ··-·--· ••• --- --·· •. -- . -· 
A i;iam:t. -·-··---··· -·--- ••••••• ---······--- •••••• ·--·· ··-. ---·· •• 

~~i:., her:::::::::::::::::::::::::::::::::::::::::::::::::::::: 
November. __ ..• -------- ••. ------· ••.. ----··-- -- . --·-. ---- --·· •• 
Deoember _······-- •••••• __ .. _ ·····----·· ••.. -· ____ .---- -·· ·-----

Yeu -----··· •••••••••••••••••. ··----···. ··---· •••• ·--- •••• 

;Q, 9 I .. d I 

lS.6 l. 7 
24.1 2.4 
n. 5 3. 5 

lljlll.3 13.0 
153. 8 GO 
66.0 4,0 
32. 8 2.' 
23.0 1. 5 
Zl. 5 l. 5 
21.8 u 
17. 6 l. 2 

638. g 43. 4 

16.6 u 
H.6 1. 3 
llO •• l.8 
'3. 1 a.o 

222.e Jg.O 
344 4 18.0 
IH.9 11.0 

108. 3 7. 0 
&a.2 G.O 
511.S l3 
20.11 I. 7 
16.4 l.l 

~~ 7~. 7 

t ~ I ') 
:u (') 
4.0 (l) 

13. 7 3.5 
67.e 23.6 
61. 9 15. 2 
1S. 6 4.4 
a e 4.0 
4.11 l.6 
a. 5 .II 
3.0 . 7 
3.0 .. 

101.6 J li4. 3 

2. 8 0. 7 
2. 7 .Q 
5. 6 4,0 

?.3. 3 iU 
llO. 0 33. 8 
117.0 :.IU. 6 
ao. e 11. l 
32. 6 11. 7 
27. l 11. l 
10. l a.1 
'. 5 11.l 
2. & 1.0 

D9.7 111. a 

I) ·' •) ~- 0 
(') (1) l.5 
(1) 1.8 (!) 2. 0 

2.4 11. 3 4, 2 3.5 
3.3 38. 6 8.2 4. 3 
.5 13.2 .6 .8 
u 2. 8 .3 .6 
.5 1.5 • 4 0 
• 7 1.0 .2 0 
.2 _g .! 0 

•• J.O .2 0 
(') (I) (1) 1.11 

• 11.4 I 71. 7 114,2 111. 5 

(I) (1) (1~ 2.5 
(') (I) (' 3. 5 
(l) (') (1) 10.0 

4.1 15.9 10. 0 e.o 
5.9 48. 4 12. 5 7.11 
I. 5 17.0 .8 2. 3 
l. 0 4. 7 .6 .4 
. 3 u • 7 0 

1.0 6.:1 .I 0 
.6 a. 2 .4 .I 

(I) 2.3 (1) .& 
(1) (I) (1) I.II 

114. 4 I UXl6 125. l 15.0 

CO- 003133 

1,736.0 
= 

;s,Q 
2t. 9 
:H. 3 
BU 

3,54.9 
2U.O 
95.1 
60. 2 
32.9 
Ill. 6 
28.& 
24.0 

l. OIO. o 

:U.1 
%10 
41. 7 

1:19. 7 
451. l 
U4-6 
149.3 
U!l'. 5 
133. 7 

11().5 
38.0 
21,8 

I, 117S. 0 

= 
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Total 

llW 
Sanuuy......................................................... 1.3. 3 
hbl'u1ll"JI'. _ •.•••••••••••• - •••••••••••••••••• •••••••••• ••• ••••••. UI. 9 
March ••••••••..•...•••••.•...••••••••.••••••••••••...••••••..• - 17. 8 

~;~::::::::::: :::::::::::::::::::::::::: :::: :::::::::::::::::: :: i 
lone............................................................ l:lll. 5 
J~ly............................................................. 57. 8 
AU!!ll31.......................................................... liO. 7 
~.;!ber ::···········--···························-··········· :: : 
November •••.••••••••.•..••••••.....•.. ----- ••• -- ••• ••... .•••.. Ill. 7 
Dtaember....................................................... lf. e 

l.2 2. 2 3 l (1) (I) (l) a.e 23. 8 
J.3 2. 8 2.3 ('l (') ~a 4,8 ~.l u 3.4 2.3 (' 2. 4 a. 0 :W. 5 
8.0 33.3 9.2 (1) 211. 0 (1) 28.0 1112. 6 
7.0 M.O 15.5 3. 7 38.6 0. 0 8. 0 :lla. 7 
f.0 113. 7 17.8 2. 0 Ill 8 .e J. 9 227.3 a. 5 20. 5 6.9 l, l 3. l .7 • 4 ~.o 
3.~ H.O 8.4 l.O 3.0 .! .1 7'9.2 :u &f I.II .e l. 2 .l 0 33. 3 
1. 5 a. 8 1. e .3 l. 4 .2 0 31.7 
1. 2 l.8 1.8 (l) (1) (1) 1.7 2l2 
1. 0 2. 2 l. 0 (1} l. 7 20. 5 

1----1----1----1---1----1----1------1---l---
(l) (I) 

~.I Yu.r...................................................... A106. 4 ICU 09. 8 '8. 7 ·~-5 
111$1 r========:=:i==========p=========•l==========11=======::\,========l=======,l=========l 

• 8. 7 60. 2 9711. 7 
= 

111:111ary.... •••.•.•••• •• • •. •••••••• ..•••••• ••...••• •.•.••••..•• •• D.. 2 
J'ebrWll'y ••.••••••••••••. _. •• • • ••••. .•.•.••... ••••..•••. •...•••• 10. 3 
MLTth.............. .• ••. .•..•.•••..•... .•...••••. ....•. ..•.•••. U. l 

:r.:1.:::::: · :: :::::::: :::::::::: :::::::::::: :::::::::: :::::::::: ~ ~ 
111ne............................................................ 87. 7 
July............................................................ 211. 7 
All~Ust.......................................................... 18. 0 

:i:~=-ber: ::::::::: :::: :: :::::::: :::::: :::::::::: :::::::: :: : ::: :: ! 
November._ ....................•......................... ----·- lf. 7 
December....................................................... 13. 6 

.& 1.8 1.1 (J) (') ('l 2. 0 13. 0 
l. 0 1.8 .11 (') (l) (l 2.6 l6. 0 u ll 1.l (ll (!) (!) 8.8 2:1.4 
l. 6 U.7 2.9 (! ll.l (') 8. 0 118.2 
7. 0 1111.1 12. 8 2.C 17.6 4.0 3.3 100.4 
4. 0 ~.8 u.u .7 7.3 .1 l. 1 1153.6 
l, 7 9.6 a.o .4 2. 3 0 .2 48.9 
1. a 11.2 :u . ~ l. I .1 0 83.2 
1. 7 12. 7 4.8 .7 l.4 0 0 ~.4 
2. 0 13. 2 a.a (l) 2. 2 r.l J.8 ~.4 
1.0 f.3 1.4 ('l (1) 2.2 23.6 
1. 0 u 1. 5 (1 (1) (I) 3. 0 211. 4 

1----i-----1----1·----j-----1-----1-----1----·1---
Yea.r. .. ....... ..•. .. ............ .. . . ......... ... ........ .. 3153. o 24.11 1!0.1! 49.6 If. 7 I 38. 0 15.2 27.6 1553. 1 

= lf/SI 1======1•====1====•1====1====1======1=====·l=====l 
l&llDIUT ........................................................ 13. 9 
J'ebmary ••••.••••• .- ••• •• •••••••••••••••••••••••••••••••••••••• B. 2 
Ma.rch.......................................................... lll. 0 

tJ::l.::::::::::::::: :::::: :::::::::: :::::: :::::::: :::::::::::::: ~: ~ 
lune............................................................ 2114. l 
JgJ?..ui_~:::::::::::: :: :: : : :::::: :::::::::: :::::: :::::: :::: :: :: :: ~ g 

lllllber ••••••••••••••••••••••••.•••••••••••••••••••••• _______ 'J:1.11 llm'......................................................... m 7 
,ember_..................................................... 13. G 

..-miler....................................................... 12. 7 

I. 2 a.2 ]. 3 (1) (l~ (I~ a. 2 22. 8 
l. 3 11. l 1. 6 (1) (' (J 4.3 24, 5 
l. 7 4.1 l. 6 (I) 4 3 (I) f. 0 U.6 
e.o 111!1.I 8. 9 &8 llU 12.0 4.0 Ha. 6 

27.0 Ul8. 0 as. 1 cu 67.0 18. 8 12. 2 1152, 5 
2J. 0 118. 0 37.6 ,9 Sll.O 1.9 u '82. 8 

11.0 M.6 21.8 0 13. I -~ 0 2:16. 8 
t. 2 18. 8 3. 9 • l 2.G .a 0 116.0 
l.8 8. 5 2.0 .t J.2 .I 0 111.6 
1. 4 f. 6 l. 4 0 l.6 .a 0 211.8 
l. 0 2. u l.l (1) f) (I) I. 8 :io. 7 
1.0 u 1.1 (I) l) (1) 2.0 lt!.4 1----1----,1----1----1 

Yhr...................................................... 1113. 0 711.G 357. 2 lUl.3 t H.3 • 1.a I I 38. 8 83.8 
i--=~!====-!'==-==1'""""==-=!=== .. l====:o=J,,=== ..... l• ...... ==i,..,.--1,602.1 

I. 2 / 
,m 

~T--:·--------- .-- ..... _________ : ________________________ . ~~l. 
lone............................................................ 182. l 
July ••••••••••••• __ •••••••••• -................................... 63. 8 
AIIIUSt .•••••••••••••••••••••• ____ ••••••••••••••• -............... ffll. 9 
September...................................................... 211.11 
Oi:tober ·---······-·········---·······-························· ~. 2 November ....•...•...•••........... · •.•....................... lit 1 
December....................................................... 111.2 

2.S .9 (l) (l) (') u III0.3 

\:~' 2. 2 l. l /1) <:1 (I) ll.l 17.S 
.f.·1 Ll '} ': fl'& ~.1 

: t II. 7 . :. ) ' .-to, J,6 LV ~II. 0 
1. 0 44. 4 le. 0 3. 2 30.8 9. 9 4.3 191!.2 

111,0 113.4 33. 4 .8 20.3 2. 7 l. 2 iMll. 9 
11.7 27.2 9.2. ,4 6. l .. ~ . ] 100.0 
2. e U.3 2.3 ,7 2.0 .l 0 17.11 
l. '1 8.3 L9 •• 1.8 .1 0 0.1 
l.S 7.1 1. 5 .4 l.11 .ll 0 36.ll u 3. 9 .11 •• L3 .1 0 27.0 
l. ll u .I (•) {I) (I) 1. D Zll 

Year ....................... ---·····-········----· ......... 1--a.--8-1-----1-----1----1----1----1----1----f---33.4 217. :Z 70.8 • 7. e I 7(. 9 I Ji,2 211.1 9411.2 

1&,4 

~ .:::::::::::::::::::::::::::::::::::::::::::::::::::::: it! 
E :::-:··:::::::::::::::::::::: ::::::::::::::::::::::: :::::: !: ~ 
J'aly ··--·······-·····--······----·········-······--······-······ H: ~ 

I;:=-====:============:=:=======:=:=========::::======== iii 

l. 5 
1.3 
l, ll 

14. 0 
7.0 
.a .. 

J. 0 
l. I 
1.0 
.8 
.8 

2. 3 ,G ~l) 
2. & 1. G ') 
6.4 l. G (1) 

lo. s 13. 0 
ae.1 Ul.9 

7.0 :Z.G 
4.3 .II 
4.0 l, 4 
f. 4 1. 3 
11.B l.O 
u .7 
1.9 .D 

gl (l) 2.0 21.9 
(1) 4.0 ao 

(1 (') 7.0 32.3 
1.2 l(. 8 2. 0 l. C 141.G 
.7 7.0 ,3 1.0 ]IIO. 7 
.3 l.6 0 .4 1111.1 

0 .8 0 0 lU, g 
.a ,9 , 1 0 Zl.4 
.2 ]. l • l 0 25.8 
.3 .u • l .1 lll.3 
.2 .8 .1 0 18. 2 
.IS (1) (1) 1.0 H.11 1-----1----1----1----~----1-----1-----1-----1----

Yer.r •......•.•...........•........•.••.....••....... ...... llll C 3111.9 10!. ll 1111..2 t 11. 5 •21.v I 2, 7 17.1 1118.9 

2141 S8 13 

CO- 003134 
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19" 
JIUlllll.rY •••••• ___ •••••••••••••••• - ••••• 
Februan· .... ---- ...•. -·-----·····- .••• 
March •. _ .. -----· -... ----· ... --------·. 

~;.i-_::: ::::::::: ::: :: : ::::::: :: : : : : : : 
JUlli!- .. - -----. - •• -- -- ············-···-
July.- ..... -------------·-·-----·------
August.. __ .. ___ •••••.. -·······-· ---- · -
~p1ember. ____ .....•• _ ---·--·····- _ ··-
Oct.obtr .... -··- ••.. -- ·····-············ 
Novemltt'r. -·-·--·-···-········-----··
Deceru~r _ -· ------·-··········--------

Year ··-···· ...• -- ------·--····- •• 

10.4 (1) (') 
ll. 1 (I) (') 
15, 7 (I) (1) 
32.5 (1) (I) 
83.2 !') S.2 

S36. 4 ') a. 3 
H7.f (') l.O 
4(). 7 (1) .s 
ao. 5 

m 
.. 

H.6 .2 
l6. 0 (1) 
ll. C (') 

1---+----1---
720.1 +e•---me., ___ I 8. 9 

1.0 1. 9 
1. 0 2.4 
1. 5 4. 3 
u l!. l 
•. 0 4~3 

30. 0 mo 
7.0 SC. 8 
2.2 17.9 
u 11.8 
.l,l ~8 

1. 1 a. 6 
.8 2.4 

52.1) 2111,l.l 

Total 

0. 7 (1) !') (I) 2.0 18.0 -~ (I) (1) (1) 3.0 18. 0 
l. 5 (I) (I) (') 6. 0 29.0 
3. 9 3. 0 i.7 t.8 4.4 75. 2 

12. 8 8. 5 40.3 13.3 8.7 217.S 
MI.O 1.1 42.3 ll. D u eo9.3 
20.3 0 8. 0 .3 0 210. 8 

7. 0 0 3.t .3 0 7:1.3 
2.4 0 I. 7 • 2 0 4&. 4 
l, ll 0 1.4 .2 0 ~.7 
1. 3 0 (') .I 0 22.1 
.6 0 (1) (l) 0 1,H 

lllS.6 Ill. 2 211. 7 
l====l====l====t,===l====\====l====I,=== 

•••• I ]00.8·'·-··· 121.2_ 

1,~G 

= 
46-year mean ••••• -----················· 7111.3 .... --- ...... -....... .... -........... ---.. ... -- ................... 2M.& ... ............ __ ......... 9 _ ...... ___ .. 99-- ............ _ -.. ~ .. ~ - 1,258. fi 

, \\" bere 110 figure is given !be run--0ff '"'118 no! mauund and Its l!llltimate bu bee11 Included In the aUIIUll.e ror the uomeasll1ed area. 
• Par1Jal yenr. MJ.asln& months are Joeludi!d In tile total f~ the u11-unid 8"!11. 

Using the derived natural flow figures for the Rio 
Grande and Conejos for the 46-year period and, except 
for the period of record of the other streams, including 

· their drainages as a. pnrt of the total of unmeasured 
drainage area, estimates were completed to give the 
monthly water production for the entire southwest area, 
1890-1935, as shown by tab]e 194. In these estimates 
the run-off for the unmeo.sured drainage areas was de
rived by comparison to that for adjacent measured 
areas of like characteristics to the extent permitted 
by the period of record of the latter and finally the run
off for the northern and southern groups as a. whole was 
extended to 1890 on the basis of curves of monthly run
)Il ~elations AJ ·he 'J.i.o Srande mci ;onejos 1.b:o,r. 7_'?· 

spectiveiy. .,lj1 recorcis, no matter how snort,· were 
therefore taken into account in the estimates. 

As shown by table 194, the mean annual water pro
duction from mountain run-off in the period 1890-1935 
for the southwest area was determined to be 1,259,000 
acre-feet. Although considerable estimating was in
volved in this determination, it is to be noted that 77 
percent of the total run-off accounted for in table 194 
was measured and only 23 percent is based upon esti-
mates. ' 

In the southeast area, east of the Rio Grande a.nd be
tween the closed basin on the north and the Colorado
New Mexico State line on the south, the principal 
streams are Trinchera e.nd Culebra Creeks. On the 
south, Costilla River flows for a few miles in Colorado 
but its source is in New Mexico and it joins the Rio 
Grande in the l&tter State. Although the water of 
C,ostilla River is largely consumed on Colorado lands, 
the production estimate for this river is, for this report, 
included in the Middle section or New Mexico area 

production. For the southeast area the water produ<'
tion derived is that for the mountain run-off at the rim 
of the valley floor or the foothill line. The ava.i1able 
run-off records a.re as follows: 

Trinchera Creek above Mountain Home Reservoir, 61 square 
miles, 1008, 1009, 1923-35. 

Sangre de Cristo Creek near Fort Garland, 176 square miles, 
1916, 1923-29, 1932-35. 

Ute Creek near Fort Garland, 32 square miles, 1008, lr 
1916, 1923-35. 

Culebra Creek at Sa.n Luis, 220 square miles, 1009-19, 1927-... 

Except for Culebra Creek, and in some years for 
Trinchera Creek, these records do not include the 
winter months. 
- ··:)i'Vlciing :,he·1reu Jlto _;iortb" .in.a 30Utn 3eCtlons,-ilie 
unmeasured drainage area of the north is 24 square 
miles and that of the south 53 square miles. The only 
regulation above the gaging stations is that of the 
Sanchez Reservoir on a Culebra Creek tributary and 
correction was made for this to give natural flow. 

BecaUBe of the paucity of data, estimates of an.nuel 
flow only were made in extending the records to the 46-
year period 1890-1935. The annual run-off of Culebra 
Creek was extended by comparison with the natlll'W 
run-off of the Rio Grande near Del Norte. Partial 
year records for Ute, Se.ngre de Cristo, B.Dd Trinchera 
creeks were completed by comparison with Culebra 
Creek record. The annual run--off of Se.ngre de Cristo 
Creek for the missing years 1908, 1909, 1930, and 1931 
was estimated by comparison with the combined run-off 
of the other streams. The annual run-off, 1908, 1009, 
and 1923 to 1935, of unmeasured streams was derived 
by comparison with the run-off per square mile of meas
ured streams. The unit run-off for the northern un
measured area was taken at 75 percent of that for r 

CO- 003135 
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General, Report 183 ------0reek, and that for the southern unmeasured area as 
1ercent of that for Culebro. Creek. The combined 

irrigation, by transpiration of notive vegetation, or by 

. ual run-off of all streams except Culebra Creek was 
estimated for the years 1910 to 1919 by using curves of 
annual run-off relations to Culebra Creek, and for the 
years 1890 to 1907 a.nd 1920 to 1922 by similar curves 
giving the relation to the run-off of Rio Grande nelll' 
Del Norte. The estimates of annual water production 
so derived for the southeast area are shown in table 195. 
As indicated, the mean annual water production for 
this area was determined to be 120,400 acre-feet. As 
previously stated, very little of this production reaches 
the Rio Grande, practically all of it being consumed in 
irrigation between the foothills and tbe river. 

In the closed basin area the streams enter the valley 
a.round its semicircular rim and flow toward the sump 
area extending along the base of the S&ngre de Cristo 
Range. Such waters of the streams and of the diver
sionl'l from the Rio Grande that are not consumed in 

evaporation, finally find their way to the sump. Here, 
in seasons of abundant run-off the w·aste waters collect 
in numerous small lakes, swamps, and low 1\-ater-logged 
areas and are evaporated. In seasons of moderate run
off the areas of free water surface and swamp lll'e greatly 
diminished, and alter a series of dry years San Luis 
and Head Lakes constitute the only free water surfaces. 
Observations seem to indicate that a. substantial frac
tion of the water production of the east side streams 
escapes to the artesian basin which underlies the valley 
and reaches some distance under the delta fan of each 
of the streams entering it. Records of the closed 
basin run-off entering the valley at the foothill line are 
available as foHows: 

La Garita Creek near La. Garita, 61 squat~ mileis, 1919-35. 
Carnero Creek near La Garita, 117 square miles, 1919-35. 
Sagua!.'he Creek near Saguache, 490 11q11are mileR, 1910-12, 

1914-35. 

TABLE 195.-Mountain run--off to 11outhea11t area, San Luis Valley, Colo. 
[Estimated natural run-<iff at rim of valley) 

ID~.,. 5(11) !lQIWt> miles. t:Dlt, 1,000 acn-feetJ 

Year 

l81ffl .•..• -· ·----- •.••••.••• ------- ·-- ••.•• ---- ••.. - ••. - ••• --- •••• 
ISil --- ·- •••. ------------ •••.. -· •. --·-- ..••. ----- •.••.. -- ••. --- •. 
J!l!l2 ••••••••• --- •••••••••••••• --------· •••• ---- ••• -- • -- •••• -- •••• 

]5:::::::::::-:::::~~::~:~;::~::~:::::::::::::·:·::::::::::::::: 
1800 •.. --· •.•.••....•....•• ---- ••.•••. -· -- --- .• ----. --- •• ---- ---· 
lffi ......... ·····-· -· -···-·-·········· -· --·-···--· ··-···-· ··- ---
18118 ___ .• --·-·-·· .••••..••••. ----- ••••.• -·. -- ••• - -- •• -- ••. --- •••• 
JM. ---· --·--···--· ·- ..•..•.. ··--····- ..... --· ---- -·- .. ·-- .. ···-
190CL_ .•• ···-··· •.••••.••••• ---- .•••• •• ------ • • ---- • -- · • • --- • • • · 
11101 •• __ - ••. --· ••••• ··-•••••• --- • -- •• - •.•••..• ··- -· ••• - - ••. -· ••.. 
1902 •• _ ••••.•••••••••••••••••. -- •.• ·- •. : • ----- •. ---- ---- •• --- •.• 
1903 •. --··. ·-· ----····-·····. _____ .. __ •••..• ···- .•••. -·· ••.•••.. 
llil04 .... --- ····---. -----------·-·--·· ----- ····---. - ··---··--- .... 
llil05 •• - -- •• ·-· ------····· ••••. --······· ..••• --- •• ----. --- ----·· .. 
lllOO ............ ------------· .• -------- .•••. -----. --- •. -· ••.. -- .. 
lSO'/ _ •• --· •••. ····--····- .•••. --------- -.• ------. -·-- •••..• -- ..•• 
lQ ..... -- ... ----------· ·--- .. ------··· .... ----- .. -- . --- .. ---- .. 
JQ •••. -- .•..•• ---------···· .. --·-·. ···- .••• ----- ..• --- ..•••..•• 
1910 .••••.• ·-------·· ·- ••• ·-. ----- ••••..••... -··· --·-. --- ..• --- •• 
1911. -- •• -·····-••• -- _ ••• -- -- ••• - ••• - -••••...• - -- .•••..••. - • -- - •• 
1912. ·-. ----· •.. -· ------···---·. ---·-· --- ....• --- .• --- . --·· -···-. 
lll13 ..•••••.•••.•••.. ·---··- --- ••. -· ••. ···- .•••. -- ••. -· ----- •• ---
11114. ·--·· --·-·- •••••..•••••. -·· ••••••..• ··-- ••• --- •• -- .• -- -----· 
1915 •. ----- ·------------------- •• --· ------- ••• ·--- •. -- .. ·-- .. ----
1916 •••.•••••.•••••. -· -·. -· ••••••• -· ••• ------ .• ---- .•••..••••.••• 
l9l7. ·- ...•....... -----· -------. ---·. ------ ..• ----· ---- ·--- ... -·
llll!L •• -----· ••.••• _ -· ••. -· ••••.•••..• --·-··· .• ---- .•••..•••...•• 
1919. ·- •.• --·-- ·- ••.••••••••• -·-- ·- ·--- ••.• --·· .• -··. --·- .• -· -·--
1113() ••• ---- ••••• -· ••••••• ·-----· •• -· ••• •••••• •• ---- •••••• --- •• ---
11121 •.••• ·--· .•..•••.•••••••• --- •••...•••. ---·· .• -··. --- •. --· •... 
192'l. ·- ••• --·--·. ·- ••. -· -------- •••••.• -------. ---- • --- •• --- •• --
lll23 •••. ·····-· ••••••• --· •• ··-··· ·- ·--. -·· ---·· .• -·· •. - ••.. -- •• --
11il:l4 ••••••••••••• •••••• ····-------------· --·. ----. --- • --- ••• --· -
!~ ..•• ----· .•••••••••••••••• ····- ••••. ·-·-·· •• ·-··· --- ••••••• --
111:16 .••••. -· ·---- •••• ·- ···---. -----------. - • --··. ----. --- • ----- •• 
lffl ---- ...•. ---······. ·-· ·-· .......... -·-·-··. ·-·-. ·---. --- ..•• 
11128. ·-- •••••••• _ •• ·------·-··· --- •••• --- • --- • --- ·-•• -- -- •••• - ••• 
11129_ -- --- • ·-•• -- -· -- •••• _ •••••••••••••• --- • -·. -· •• - ••• -· •••• --- • 
1930_ .•..•••••• ----· ••• ·-·-. --· -- ---- --- •• ---• --- -- ----• - .• -·-- --
11131 _______ ·-· •. -----------····· ----------·. ------. --- • ---- ---- •• 
lG:12. --· .•• ·-··. ---··-· •• -----· ----·------. --··-- ----. -·· .• -··. --
11133 _______ ..••••• ---------· ··-·. ··-·. ----- ••• ···- ••••• ---· •••••• 
lP' 

Trlncheta 
f'ulebra Creel.: 

abo,·e Creek Bl Mountain San Luls, Home 2200:n:::N! Reser\'olr. 
ei ;tquar.; 

tnlll!S 

San2te de 
Northiinl Cr!slo Ute Creek Southern 

Creek llear .Fort group, UD• lffl)llp,Un· 
near Fort Garland measured, measum:J, 
Garland 32.:i~"' 24 squan, 

53 ~~:r· 110 S~IIIU'e 1nlles 
mil!S 

(I) (2) (3) (4) (5j (6) 

52. 0 ............ --··---·-··· ··-·-······· ------·--·-· ··---------· 
M.O ..•••••••.•• -·-········· ---···--···· ••••.••••••• ·---········ 
40.0 ·-·········· ·--·-···--·· ............ -·---··----- ·-···-- .. ---
33.0 ---····-···· ·········--"·--······-·····"··--···· ··--···· ,, .• 
:15. J ·-----······ ·······---·· ·---·. ·-··--······-··-·· ... ·····-·· . __ _ 
~5. 0 ..... -···- ...• ···-·· ·-·· .. -····· --- . ····--- •...• · ••..... ---·. 
38. 0 ............ ··--------·· ·---···----- ·-----··---· ··---------· 
M. 0 ·····---··-- ··----····-· •••••••••••••••••••••.••••••••.••••• 
52. 0 ............ ····--····-· --···------- ............ -----······· 
33.0 ····--····-· ·-··--······ ··--········ ...... -••••• ········-··· 
39. 0 ····--····-· ---·-------· ··········-- ··-·-------- ----········ 
38.0 ··········-- ------·"·-· ··········-- ·····--····· ••..•••.••.• 
27 0 ·---········ --···-······ ·······-···- ,-.......... ----------·-
50. 0 • ·-····-· •...•••.. ···--· ··--·------. ------ ...... ·-·. -·· ··••• 
34.0 ............ ··--·------- ....................... - ·----·--···· 
M. 0 .. _ ................... _. ··-··· ··--· •• --······· .•.•• -· ··---·· 
11,lj O --·····-···· ······-····· ·····---···- -·······-··· ··--·-·-···· :u ia. f 17.5 12.9 7. 2 7. 7 
87,0 12.8 lll.11 18.:l 10.3 12.7 
l!O. 4 •• -··-···- •• ···-·-···. -· •• ---···-··· ... ----- ............... . 
.!O, 8 ..... ---· --- ·····--- --- ... -- • -----· ••• -- ••. ···-· •• ·--------· 
88.5 ··-···--··-- .......... _. ········---- -··---····-- ······-··-·-
34. 2 ····-------- --···-······ --········-- ·····-··-··· ........... . 
«I. 8 ·--------·-· ···-····---- ··--······-· ·····-······ ........... . 
70.3 ····-------- -··········- -··-·-·····- .••••••••••• -·--····-··· 
112. ............. -------····- ·······----- -·---------· ····--------
l!IO 5 ····---·---- ·······-··-· ···-···----- ······--···· ···-···----· 
86. 2 ----······-· -------····· ---·--·-···- --·---···--- -----······· 
72.0 ····--·-···- -··-·-······ ·····-·····- ······-····· ···-····-··· 
112. 0 --···--····· ·-------···· ----·-·----- ·······----- ··--·-···---
13. 0 -·-- ........ ···-·· -----· ·---········ ............ ·······--··· as. 0 ............ ·····-·-···- ---·--·-···- ...................... .. 
I!&. 0 9. 4 Ill. 4 21. 5 11, 5 10. I 
411.0 Ill.II tG.C ltU 13.2 11.3 
ISO. o 4. 6 11. 7 9. 8 5. 5 II. 4 
.a.o ~5 33.8 1.0 at 8.~ 
42.11 lU 11, 11 19- a 10.11 11. l 
17. 9 17.1 M.O 16.3 9.1 7.1 
38.8 12., 10.4 :N.7 13.11 7.3 
19. II 14. 9 111. 3 l'- 8 & 3 7. 5 
211, 3 U. I IG. 7 m. 2 11.3 ,US 
41. 1 17.8 25.a 27.8 15.n 7.9 
40. 8 18. 4 l& 4 It. 3 8. 0 7. 6 
29.e 1.s 1.a 11.1 t..4 a.o 

Sum of Total (2) to (0), m+<n Jnclu.lve 

(,) (8) 

71.0 129.0 
79. 0 134.0 
58.0 98.0 
l9.0 32. 'I 
jl.,) · l(i. J 
d6.0 lll. 0 
MO 113.0 
77.0 131. 0 
76.0 128. 0 
49.0 82.0 
sa.o Q5.0 
M.O 113.0 
311.0 66.0 
75.0 125.0 
49.0 113.0 
711.0 13-4.0 
86. 0 145.0 

JOO.O 11111. 0 
1111.5 1MU 
73.11 140.9 
78. ~ 128.9 
79.0 129.8 
119.0 H,.~ 
eo.o llt.2 
112. 7 155.S 

101.0 171. 3 
80. 7 133. I 
90. 0 lt;O, 5 
MO Ul.2 

103.0 175.0 
110. 0 1.52. 0 
110. 0 153. 0 
84.0 143. 0 
117.9 123.11 

109.G lM.6 
311. 0 116.0 
79. 7 au 
11:l.O UM. 9 
73.G lll.5 
73. 7 11,. 6 
6U 1()4. 7 
6U 94.2 
IM,. 7 lM.8 
641. i Ul7. 0 
1.5.0 &5. 2 

42.2 15.5 1:U 111.S ll.l 7.9 ···-·········-·····-····-··--------·-------------·-····1=~;.1===,;;;;;;;..f=~-=f===-=1=,,,,;,;,,;=I====\:=~=~= 
48. l -----------· ------------ --------··-·!-··········· ······---·--

G7.8 110.D 

72. a I 120. 4 --· ··--············-.. --·. ---...... ------.. --.. ···--. 
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Percent 
or 40-
year 

mean 

(9) 

IOi 
lll 

81 
;g 

•'l 
.2 
77 

109 
106 
68 
711 
;g 
55 

IOf 
69 

111 
120 
140 
83 

117 
107 
106 
123 
78 

1211 
143 
111 
125 
117 
145 
13' 
lll7 
1111 
103 
132 
71 

lOf 
117 
al 
it 
87 
78 

llll 
1111 
M 
91 
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San Luis Creek near Villa Grove, 255 aqua.re miles, 1922-26. 
Group B creeke--North and South CM&tone, Willow, Sp&Ilish, 

Cottonwood, and Deadman, all near Crestone, 43 square miles, 
1900, 1915, 1936. 

&nd Creek near en.tone, l.n Group C-group area 102 11qu.are 

miles, 1936 only. 

Of these records, only those for Saguache Creek in
clude any winter months, and the others are, for the 
most part, only for the period May to October. 

For estimating purposes the east side area below 
Villa Grove was divided into three stream groups. 
Group A, an unmeasured :run-off drainage area of 72 
square miles above the foothill line, includes Cotton, 
Wild Cherry, Rito Alto, and San lsa.bel Creeks. Group 
B, 43 square miles, includes the creeks as given in the 
above list of a.vaila.ble records. Group C, 102 square 
miles, includes Pole, Sand, Meda.no, Zapato, and other 
small creeks south to the closed basin boundary, and is 
unmeasured except for the 1936 record on Sand Creek. 

It will be noted that the run-off records for the closed 
be.sin a.re exceedingly meager as the basis for a long-time 
production estimate. Although estimates of the 8Jlllual 
mountain run-off at the foothill line, or approximately 
8,500..foot contour, were made for the 46-year period, 
1890-1935 so as to be comparable with the estimates 
for other areas, attention is directed to the fact that 
the estimates for the earlier years may be somewhat 
wide since they were necessarily based for much of the 
period on a comparison to the run-off of the Rio Grande 
near Del Norte, which shows a rather poor correlation 
with closed basin run-off. 

Incomplete years in the longest recorded period, that 
• :or :ae:'1a.c.:ie •:'Teek, :91 ;. _ :912. md :914-35 v~re 

oompie~ed oy a comparison to the m~nthly distributi.on 
relation as shown by Rio Grande near Del Norte for 
concurrent years. Incomplete and missing years for 
the same period for La Garita.1 Carnero, and San Luis 
Creeks were estimated by reference to the Sagua.che 
Creek record i incomplete years by comparison to the 
monthly distribution relation shown by Saguache 
Creek for concurrent years, and missing years from 
curves ohmnua.l run-off relatiom to Saguache Creek. 
The sum of the annual :run-offs of Saguache, La Garita, 
Carnero, a.nd San Luis Creeks for the period 1911, 1912, 
u.d 1914-35 was then referred to the Rio Grande near 
Del' Norte record to complete the annual estimates for 
this combined run-off for the period 1890-1935. 

The estimates for the east side streams in groups A, 
B, and C were treated separately. Draining from the 
east1 they were usu.med to bear a closer relation to 
Trinchera and Culebra Creeks than to the western 
at.reams. For. the stre&mB of group B an estimated 
curve of rel.a.ti.on to Culebra Creek run--off at San Luis 
wu drawn by plotting the 1936 May-&ptember nm
off; the 1909 and 1915 .April-October run--0ff1 and the 

Rio Gra1Uk Joim lntiestigation 

extended &.m1us.l run-offs for these years against the run
off of Culebra Creek for correspo!lding periods. Tb,. 
8llnUa.l run-o:ffs of Culebra Creek, including years es 
mated from the Rio Grande near Del Norte, were the... 
applied to this curve to derive the estimates of annual 
nm-off for group B st.reams, 1890-1936. The mean of 
these estimates wu determined to be 32,700 a.ere-feet. 

The mean annual run-off from group A et.reams was 
estimated by a comparison to the 46-year mean annual 
yields per square mile of San Luis Creek on the north 
and group B st.reams on the south, estimated at 45 and 
760 a.ere-feet· per square milet respectively. The north. 
em part of group A area, comprising 37 squa.re miles, 
was considered to ha.ve a unit run-off greater than San 
Luis Creek but much less than the southern part of the 
area. The northern pa.rt was therefore assumed to 
have a mean annual run-off of 150 acre-feet per square 
mile, while the 35 square miles of the southern part was 
assumed to have a unit run-off of 700 a.ere-feet persqus.re 
mile. This gave a composite mean annual run-off for 
group .A of 417 acre-feet per square mile, or 30,000 acre
feet, as the estimated annual mean for the 1890-1935 
period. The annual figures for group A were derived by 
direct proportion to those for group B. 

The mean annual run-off from group C streams was 
estimated by comparison of the 1936 May to September 
:run-off of Sand Creek. assumed to represent one-thirrl 
of the run-off of the entire group, wi;h the run-off fr 
group B streamsforthesameperiod. Thisge.vearatil 
30 to 26 which, applied to the estimated 32,700 acre
feet mean for group B, gave an estimate of 38,000 acre
feet for the 1890-1935 mean annual run-off of group C 
.3trea.ms.. • npual fig,Jies :or. p-oup C ~ere derived by 
direct proportion ro those for group B as in the case oi 
group A. 

The summation of the water production estimates for 
the closed basin ie given in table 196. This shows an 
estimated total mean annual production of 187,700 
&.ere-feet. 

In table 197 the estimates of 8llnual production for 
the southwest, southeast and closed basin areas a.re 
brought together to give the totals for the San Luis 
section. As indicated, the total mean annual produc,. 
tion 1890-1935 for this section was determined to be 
1,567,000 a.ere-feet. This may also be taken as the 
Colon.do production, although it is not strictly so since 
a part of the Los Pinos River watershed &.nd all of the 
&n Antonio River watershed above the p.ging stations 
near Ortiz lie in New Mexico. The run·oft' from these 
New Mexico areas ie included in the San Luis section 
pi:.oduction since the Los Pinos and San Antonio Rivers 
are tributary to the Conejos River which joins the Rio 
Gre.nde in San Luis Valley. In the estimate of we.t ...... 
production for the Middle Section in New Mexic 
of the :nm-off of the watershed of the Rio Cha.ma., w. 

CO- 003137 
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TnI.Jt I96.-Mm.1main f'un,.oif to cloaed bann area, San Lui.a Valley, Colo. 

r,st•meted mmnl mn-ol! at rim of 'l'lllleyl 

~ al'IIIII, 1,HO IQIWI! mill!I. Ullit, 1,000 &en-feet) 

La Gerlt.a Camm) Emade 
Creeli: Creek - -La Gerlt.a, 14 Oerita, 

Year GI :iu.ara 117~-mlu 

OroupA, flronp B, Group C, 
72~ .ar lo:l~e 

ml 

(1) (2) (15) (7) (5) 

ll!IIO.--··········································- ---········· .•••.•.••••• .••••••••••• .••••••••••• 101.0 :112.0 MO 41.0 
18111 ••••••••••• ___ ••••••••••• _ ..•••••.•.....• ____ • -··········· •••••••••••• ···········- ............ 105.0 1113.0 38.0 42.0 
]8112 ....••••••••••••..••.•. --····················· ··········-- --····--···· ·-·········· ·····-······ 86.0 27.0 211.0 au 

34.0 2'1.0 llO. 0 
25.0 27.0 lll.O 

lllil3 •••• -------·--············--··········--······ ••••••••••••••••••••••••••••••••.••• ········-··· 48.0 
!IOf_ ............................................. ·--- ............... --- ••• --- .. ·--· ... -- --- ------ 62. 0 
l~ .. -·-·······-································· ·--········· ·······--··· .••••••••••• •••••••••••• IIO.O 28.0 81. 0 aao 

26.0 llll.O 33.0 au 33. 0 41.0 
1!1116 •• •••••• ·-- .............. ···-· --· -·-···------. ---- ·--··· •... ···-•••••.. ----. ·-- .......... ·---· 1111. 0 
l8Pl" •• --··· ··-· ••••• ·--··· .••• ·------· ·-········ ••••••. -···· ... ···--. ••• • • ••••.•. .. . . . . ... • •• ••••• 101. 0 
llllil8 •• -•••••••••.•••••••••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••• ········-··· G&O 32.0 115.0 •1.0 
ISllll .. -............................................ --·--······ ·······---·· ----········ -·•···--·-·· 48.0 2'.0 ao 80.0 
IIOO •••••••••• _................................... •••••••••••• •••••••••••• •••••••••••• ............ 112.0 26.0 28.0 EU) 
11101 ••••.•••• --······· ·----- -------· --·--·--- ........... -·· ••• -· -- ·--··· ••. ---········ ....... ••••• 1111. 0 26.0 28.0 33.0 
11ll2 •• _ ••••••• ·······----- •• ···-------------······ .............. -- •• •••••• ••• • •••••••• •••••••••••• IIO. 0 21.0 23.0 27.0 
1103 ........................ -••••••••••••••••••••• ··------···· ........................ -···-------- 1113.0 lll.O 84.0 39.0 
!904 ••••••••••• --·········--······················ ............ ········---· ·---···--··· ·----------- 60. 0 24.0 215.0 ao.o 
IGll5 •••••••••••••••••••••••••••••••••••••••••••••• -·······--·- ······-····· •••••••••••• •••••••••••• 105.0 33.0 aa.o 42.0 
!906 •••••••••••••••••••••••••••••••••••••••••••••• --·········· ••••••••.••• •••••••••••• .••••••••••• ua. o 35.0 88.0 ff.O 
l907 •••••••••• - ....................................................................... ----------·· lG.O 39.0 43.0 li0.0 
Jtoe •• - ••••.•.••••••••• ----------····--·---------- ········---- ···----····· ............ ·······-·-·· 67.0 27.0 211.0 84.0 
JGOG.............................................. ..••••..••.• .••..••••••• •...••••.••• .•..•...•.•• 111.0 40.0 ff.O 111.0 
1910 •• ···········------- .......................... -• --- ....... ·----·· •• --- ··-··--· ---- ..••.•••• --- 80. 0 31.0 au 119.0 
11111._............................................ 22.0 18.0 73.3 8.6 1111.9 31.0 84.0 19.0 
m2 •..•... ·-·······-·--··--·-------···--·-------· 11.0 12.0 au n.o 101u aa.o 18.0 44.0 
11113 ••••••••••••••••. ---········-······-··------·· ·····-··---· ·•·••••••••• ·•••••••••·· •••••••••••• 10.0 2'.0 ao IIO.O 
IIH •.•• -... ···-·--······-············••·········· 2!.0 13.0 67.1 H.0 lH.1 37.0 .0.0 411.0 
1915 ••••..• --··----·--···----·-·····--·······----- 17.0 11.0 8'1.3 10.0 117. 3 115.0 18.0 u.o 
1111e.. •• • • ••••••••• ••••• •• • .•••••••••••••••••••••• 1s. o 1:z. o 112.1 11. o 1oa. 1 112.0 lli.O tl.O 
11117 .•••• ----·-··-·---------·--------------------- ::10.0 13.0 196.2 13.0 112.ll aao 39.0 45. 0 
1918 .•••••••••••••••• -----··············--·-······ 12.0 0.0 43.3 3.6 72.8 u.o 87.0 43.0 
lll19. ______ .. _., .••.••••• -·········-··-·······-·-- 23.6 :1).2 77.3 20.0 141.1 40.0 KO 11.0 
lll20 •••••••••• ---·······--------············-·-··- 14.. 12.3 118.7 16.0 110.4 37.0 40.0 44.0 
1921.............................................. Z!.6 Jl,6 '18.5 21.0 133-6 37.0 40.0 49.0 
1022. ···-----···--··••·········---·····--····--··· 11.? II. g &I. 7 4. 7 78. 0 85.0 118.0 44.0 
1923 •••• ----····----········--··············•····- ll>. 2 H.3 86.0 12.4 ll2. 9 34.0 117.0 43.0 Jl'M_............................................. 211.8 27.0 83.7 D.4 173.11 30.0 13.0 88.0 
JIIZ_. ·····-·-··· ···-·--···•··----·---------··---· U. 7 7. 3 61. & t. ll 76. 4 30.0 ao ao 

• ••.••••••••••••••.•••..•••••••••••••••••••••• 111.CI IO.II 80.S 12.& 119.8 28. 0 31.0 36.0 
·······--····---··•-·--·--·--··----------··· 8.4 4.8 S7.5 8.6 77.2 28.0 Ill. 0 ao 
--------·------··-·········--··············· 1.11 11. i 73. e 1a.o us.1 26.0 28.0 13.0 

lll.O 12. 4 i'll,O 18.0 111.4 26.0 28. 0 110 
iu s.1 as us m.o 27.0 211.0 84.0 

1931. __ ······-········--·-···--··········-·------- 4.4 3. 8 27.3 1.0 86.6 22.0 ::tu 28.0 
27.0 -·~ 27.0 29.0 14.0 
.22.0 24.0 ~o 
28.0 ao.o 116.o 
30. 0 32. 7 38.0 

11132 ••••••...• - •• ·-······---···-·-·-·-···•··--···· 1.4 4.8 N.O '6.2 72.4 1m ... _.......................................... a. e 4. a 3ll. 1 1.1 «e 
11134 .•.• ------·-·-----·-······-···-·---··---······ I.& 2. 8 2>.11 .8 27. 7 I~.............................................. V. 2 8.11 42. 1 1. 6 Gl. 4 

l====l====l====l===l====l====I,,== 
1J7.0 ,, 
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Total ~at (5l lO (8), of 
nclu. 46-)'eet 
11.,, JnNn 

(9) (10) 

llllll.O Ill 
210.0 ur. 
lM.O 83 
J:111.11 Ill! 
135.0 72 
17D.O 113 
147.0 7H 
9l)U. 0 l ll 
mo 110 
1211.11 flt! 
HV.O 711 
H7.0 78 
IOI.II M 
197.0 1115 
130.0 00 
~18.0 116 
333.0 124 
276.0 147 
157.11 l!I 
:146.0 lal 
184.0 1111 
223.0 111) 
223.4 1111 
lllO.O 80 
231. l 1211 
214.3 114 
:111. I 112 
:m.2 124 
183. 8 !Ill 
2711.1 147 
233.4 1:14 
2ell.6 137 
1115.0 1114 
226.& l2l 
274.0 1'6 
176. 4 94 
Ill-I. II 104 
170.2 91 
2115. 7 110 
1118. 4 100 
lt7.0 711 
!10.6 IHI 
Ul2.4 117 
134. 8 72 
10\. 7 64 
1@,g Ill) 

187. i ......................... __ 

joins the Rio Grande in New Mexico, is included, al
though there is a portion of this watershed in Colors.do. 
The latter is a. somewhat smaller area th.an that drained 
by Los Pi.nos and San Antonio Rivers in New Mexico, 
but its run..ofl largely offsets that from this latter area 
as the Rio Chama. drains an area of considerably higher 
average elevation and greater average precipitation. 

Till.I!: 197.-Moumain 1"11,n-o;ff w San Luil ,ection, Rio Grande 
Bann, Colo. 

Wat.er Prod'adlon In the MJddle Sedion, New lle:dco 

• In estimating the water production, this section was 
divided into northern and southern uni.ts. In the 
northem unit were included an streams entering the 
Rio Grande between the C.Olora.do-New Mexico State 
.line and Otowi Bridge at the upper end of White Rock 
Canyon, and in the southern unit those entering be
tween Ot.owi Bridge and San Marcial. The produc
tion esti.ma.tes :repreeent the nm-off at the foothill line 
.11-vuble for use in the ve.lley areas, and no a.coount is 

n of possible run..off :from precipitation on the valley 

Yev 

!!00 _________ 
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T.uu; 197.-Mountain run-off to San Luu aution, Rio Grande 
&iain, Colo.-COntinued 

[E.sl.Jmated mtunl 111.11-olf at riJl:I of VlilleyJ 

!tnolnalt'.,..., 4,0ffl !IQuatle miles. Uni!, 1,000 a~tJ 

lloutlnn•lrt al'l.'11 

South· Clmord Pl't'· Rio C'o!H'Jo,; Sumol l'Ut basin, !!1!'111 of 
\"11&r O~nde Rl'"t''I' othM' TotRI, U'l·a, l,HO Total 411-Df!IIT0.I - 1tnsuns, 2,302 !l5li 

AQURl'f" y~,u Norn, Mo«otr, ;go !QUI.I',:' 
aquar.• mJles ll:l<'l!lll I.DJ ~ 

JIQIW? mlln mJfoi, 
aqnare IIQUM! milel! mlk-s miles 

------------
llQ!l. •••..... 550 193 lllO 1133 " 137 1, 1811 7~ 
1909 ..•.••... ll01l 323 370 I. 802 w m l, 1189 m 
JUIO ....••.•. MS 202 292 l,HQ 1211 l!H 1.~ G3 
11111 ....•..•. 1,078 -l-06 au 1,913 130 :r.H 2,267 145 
11112 ..••....• 812 3C8 384 l,60! 1411 223 1,876 120 
11113 ••••••••• 5i5 l.'58 180 Ul3 114 150 I, 157 74 
11114 ....•.... 820 253 27S 1,348 1.lofi :137 l. 741 Ill 
11115 .......•• &13 238 :11151 I, 142 HI 214 1,577 w 
11116, .••....• 1147 369 400 I, 724 133 211 2,068 132 
1917. ·••····· Dl3 320 MIi! 1,631 1.50 23.2: 2,013 I~ 
11118. •····••· 517 226 221 11&4 HI 187 I, 2112 82 
11119 •.••..... 795 m ~I 1, 3112 J75 27& l. 843 118 
lll20 ........• l,OI! 43(1 ft8 l, 943 152 233 2,328 ug 
11121. ·····•·• 1,026 :aoo 233 I, 519 153 2.'16 I, 1128 123 
11122 ..•...••• ffl 311 373 l, 01~ H3 I~ l,~l 124 
1923 ....•.•.. 879 Utl ~ l, 007 124 2'17 2,018 12!1 
lfn4 ......... 738 284 - 1,391 1341 275 I,~ lli 
lfn:5 .•. --··· - 740 233 2M l,228 M 176 1,400 II.I 
1112ll. ·•••·•·• 1140 24g 264 1,)53 125 Ill.I I, 4i3 ~ 
11127. -- ••... _ 1,020 344 3i2 I, T.l8 105 170 2,011 ]211 
11128 .•..••••. ll.11! 1112 200 J, 040 Ill 306 l,~7 81 
192\l ....••••. II& 340 3iO 1.875 ll3 lll8 l,ll!!8 127 
111:!0 ......... 506 20,\ 36~ llfl() IM H7 1,:.132 711 
IJl31. ........ 3:13 151 HG 063 114 JIO 857 ~ 
le:12 •.••..•.• 915 357 420 l,IIU:I 136 1112 l, 1lllO l27 
1933 ...•••... 504 217 :m 1145 10; 135 1,187 1e 
1934 ......... 31" 10~ ll9 ffi, 85 102 70& 45 
11135 ....••••• 720 2W 837 l,l!M uo 160 l, GIG 103 

~, 293 = = = = = ~ynrmean 710 1,2.511 120 188 ), .!i67 

floors. The foothill line varies from about 8,200 feet 
elevation in the north to about 5,500 feet in the south 
and due consideration was given to this fact in estimat
ing the run-off from drainage areas having no stream
flow records. 

The northern unit was dh'ided into run--off from the 
east and from the west. Available records for eastern 
;tres..::r:s. i.D{)Ve iiversions,· -LJ"e -1S ;odow$: 

Costilla Rh·er at mouth of canyon, 229 square miles, 1007, 
1008, l9ll-l7, 1920. 

Rio Colorado below Cabresto Creek, H:i5 square miles, 1913-28. 
Rio Hondo at Valdei, 38 sque.re miles, 1017-33. 
Rio Fernando de Taos near Taos, 64 square miles, 1913-28. 
Rio Lucero near Arroyo Seco, 17 l!lquare miles, 1912-28. 
Rio Pueblo de Taos near Taos, 67 square miles, 1911. 
Rio Santa Crui at Cundiyo, 86 square miles, 1930-35. 
Nam.be Creek near Nambe, 37 square miles, 1933-,-35. 

Contributing areas on the east, unmeasured above 
diversions, include Latir Creek, Arroyo &co, Rio 
Chlquito, Embudo Creek, Truchas River, Rio Frijoles, 
Tesuque Creek, nnd minor streams; totaling 506 square 
miles. 

Available records for western streams are confined to 
Rio Cha.ma and its tributaries. Records of the Rio 
Obama. a.t Cha.mita, nes.r the mouth, a.:re available for 
the period 1913 to 1936. Unmeasured contributing 
aress not tributary to Rio Chama. include principally 
Aguaje de la Pet.a.ca and Santa Clara River, tots.ling 
230 square miles. 

The period 1907-35 was taken for the extension of 
individual ea.stem stream records,--&nd estimates of 
annual run-off to fill out the period were made by " 
pe.ri.son with the available records. In addition ti 
records listed, use we.s made of the record of CuJeora 
Creek at San Luis, corrected for storage regulation, and 
of that for Rio Colorado above Ce.bresto Creek. Es
timates were made either by annual relation curves 
based upon the period of concurrent record or by assum
ing the same relation to have existed for missing yeo.rs 
as was shown by the years of concurrent record. Where 
possible, estimates were based on the comparative rela
tion to two streams rather than to one. The mean 
annual run-off 1907-35 for the unmeasured streams was 
estimated by direct comparison to the mean annual 
run-off per square mHe of measured streams adjacent or 
considered to have drainage characteristics similar to 
those of the unmeasured stream. The means for the 
unmeasured streams ·were then combined and estimates 
of the annual run-off 1907-35 for the total unmeasured 
area derived by assuming the annual run-offs to bear 
the same relation to the period mean that the annual 
nm-offs for the total of the measured streams bore to 
their period mean. The total annual run-off for all 
eastern streams, 1890-1907, was estimated by reference 
to the go.in in the Rio Grande between the Lobatos and 
Embudo stations using a relation curve established for 
the years of concmTent data. 

For the western streams, the reeord of Rio Chi 
near Chamita was corrected for upstream irrigation ... 
the ho.sis of the 1936 acreages end consumptive use 
figures reported by the Bureau of Agricultural Engineer
ing (Part III of this report). The irrigation draft was 
derived :iy ,1'pu1ying ·.~e .. i:1i~-.'011surn.;nivr . ise .5.gure::; 
iess precipitation to the acreages of the various classi
fications including irrigated land, native vegetation, 
water surfaces and the like, and was found to total 
70,000 acre-feet. This was used as a constant correc
tion for ea.ch year on the assumption that there would 
have been no shortage of Rio Chama run-off to supply 
this draft. The corrected Chamitn flow is shown in 
column 11 of table 198. The mean run-off of the un
measured streams, 1913-351 was ta.ken at 150 acre-feet 
per square mile from comparison with that of the Rio 
Chama. and other northern unit streams. For the 230 
square miles of uruneasured area this gave a run-off of 
35,000 acre-feet. Tb.is mean was distributed to the 
vears 1913-35 in accordance with the distribution of 
the Rio Cha.ma run-off in the same period, as shown in 
column 12, table 198. The total annual run-off for 
western streams, 1890 to 1912, was estimated by refer
ence to the. gain in the Rio Grande between Embudo 
and Otowi Bridge using a relation curve established for 
the years of concurrent data. Gains in this river sr 
tion are largely the result of west side inflow. 

CO- 003139 

TX_MSJ_000219



187 
TABLE 198.-Moumain run,.oif w ~ unit, middle aection, Rio Grande &uin, New M=ico 

IElltlmated utmnl 1'11.1M11! at lootlilll lme of Vlllleys, Colondo-Np Mnloo Seate line to Otowl Bridge] 

!Dra.lnap 11.l'U 4,1541 11quare miles. Unit, 1,000 _..re.tJ 

Em.t,rn dralnace WIIIJ!em drlllnap 

COltllla Bio Rio Rio Rio Tctal 1 Rio Total Total Pereent Rh>ar CGklrado Rio Rio Nambe UnmllllS- Unmeas· 
II& below Boudo FmwldO Lncero Pueblo Banta c .... W'8d IQ.01 nr Cl!Ama Dre<! l!U!llol sumol of 

Year Cu7on Cllblwio llt de Taos Dnr de Taos Cruz at - llfflllllm, (1) to (9) - (U)&Dd (10) and '8-year strams, 
mouui, Ciak, Valda, near Arroyo - Cundlyo, Nambe, 606 inclusive, Cbamlta, 230 (12), (13) mean 

229 HS .:ll!s .... Taos,&! Sero. 17 TIIOS, r. l,200 3.302 a,m 116~:n 37~ IQU&re square 
tlquut' tlqllal'I! aquare IIQWIA mquare 

mJlea aqwire square miles squart 
mllllS m!Jos miles m!lea miles mllm milu m!lm 

(l} (2) (3) (4) (!} (II) (7) (8} (9) (10) (ll) (12) (la} (!() (15) 

-----1---1--- --- ---·--------------- --------- ------ ---
1890 ••••••••.•••...•••••••. - ......... ----·-·--- ··-··-·-·· .......... ·---··-··· ····--···· ·········- ••••···•·• 410.0 ·••••••••• ·••••••·•• 830.0 1,240.0 130.9 
11191.._ •••.•••••• ····•····· ·-········ --·····--· .. ··-··--· ----·-···· .......... -·--···-·- -····-·-·· -········· 470.0 ..••.•••.•..•••••.•• l,OIO.O l,b!O.O 159.4 
11192 .•.••..•••••• ······-·-· ·········- .................... ·-···-···· ------···· ··-·····-· ······-··· .•.••••••• 370. 0 •••••••••• -·······-- 116(). O l,2:!0-0 129. 8 
]1!193 ....................... ········-- ··-·····-- ..•••••••........... -····-·-·· ·········- ·····••••• ---·-····· 310.0 ·--······· ···--····· 480. O 'IW. 0 83. 4 
111114 ....•..•••••••......... ···•·•··•• ...•••....•.......•.•.••••••.. ---·-···· ····----·· .......... ------···· 334.0 .••••••••. ········-- 180.0 51».0 ~-2 
111115 ...••.••.•••• ---------- ----······ ..••••...... ··----·· --········ ......•••• ---······· ···-·--•-· •••••••••• MO.O •••.•••••• ··•···-··· &'JO.O l,OlO.O 106.6 
l------········ --------·- -·--·---·· --·-······ ------·--· --·····--- ....•••.•. -.......... --······· ····----·· 240.0 .•••.••••. .•••...•. ffll.O IIOO.O M.9 
ll!9i _____ _. •.••..........••...••••••. ······--·· ....... ·-· .•••••••.. ·---······ ---······ ····--···· ·······--- 410.0 -········· ·····---·- voo.o J,370.0 144.5 
llllil8.- •. ·-······· ••••••••• ·········- ---······· ••••••••. ------···· .------··· ······-··· .••••••••• -········· 3.50.0 -········· ········-- 300.0 6511.41 llll.6 
111119 .•••••••••••• ·------··· ---··-··-- ··--·-··-- ·---······ ·-------·- .---··---- -····-···· ···--····· ····---··· 210.0 ·-·-·--··· .......... 380.0 51)11.0 112.3 
11l00 •••••••••••• _ --------·· .............................. --·······- .- .. •••••• -·-··-···· ····-··-·· -········· mo ·········- .......... 220.0 t5e.o n.s 
1901. ..••••••••• _ --··-····· ··-······· -·······-- ......... -·······-- .......... ·--······· .......... •••••••••• 2115.0 ······-··· ·····-···· 370.0 11115.0 '/0, 2 
IIIO:I ...•.• -·-···· --------·· ---······· --····--·· ......... ···--·-··· -·-······· ----··---- ·····-···- -········· :a'IO.O ..•••••••. .••••••••. l80.o 300.0 40.J 
III03 ....•. ---··-· -······-·- -·-··---·· .......... _ ........ --------- ----····· -··-······ .•.••••••• ·-········ 446.0 •••....••• ··-·-····· 770.0 1,215.0 12'1.2 
JII04 .•. ___ ••••••• -·····-··· ·····-···· ----····- --------· ···--·--· ..•.••••...••••••••. ----······ .••••..••• 2il7.0 ......... _ ········-- 3110.0 fl:l7.0 M.2 
111(15 ••••••••••••• --------·· .••.••..•• ----·-···· ··-------- .......... ••••••••. .......... ..•...•••. •••••••••• 450.0 -·----···- ---······- l'IIO.O 1.240.0 130.9 

f:i1L::::::::::: ·····ao· ----·ii.·o- ··---i~o· ······o:o" --· .. 1s.-1r ·- ·1u· ··---21.0· u mu :g :::::::::: :::::::::: :J:g l:i?J:8 l~:~ 
ll!OO .......• _.... &e.O 118.0 :U.0 12.0 %LO 31.0 34.0 H.O 157.0 '26.0 .••••••••. --·······- l!OO.O 1,026.0 108.3 
JQOII............. 64.D '12.0 :M.O 13-0 24.0 30.0 117.0 lG.O 181.0 4Alll.O .......... ··--·-···· 7l'IO.O 1,223.0 !29. l 
mo ..... ---····· 411.0 &LO :m.o ao 111.0 22.0 211.0 12.0 1s;.o aao.o -········· -········- 470.o 820.o 86.5 
l9ll.. ____ .••..• _ 38.2 4.2.0 21.0 12.0 :H.7 27.5 27.0 12.0 134.0 142-4 -···-····· ---······· 870.0 1.212.• 12i.U 
1912 ...•.. - •••••• 6i. 6 51. 0 JO. 0 8. 0 18. a 27. 2 31. 0 l& 0 Jal. 0 1M I 800. O l, 186. I 12>. 2 
11113............. 28. 5 30. 7 12.0 4.2 13. 7 12.8 18.0 7.0 1111.0 3114.11 .. Mil. ( • :ao· 371.1 57!1.0 80.8 
11114.. ___ .... - •• - 411.2 68.8 21.0 11.3 3l.O 17.8 28.0 12.0 138.0 361.11 653.1 3.5.0 6118.l IHO.O 1111.2 
1111L_. _____ • __ • GIi.ii 78.2 :za.o 12.s 20.9 211.1 111.0 1e.o 2:IO.o am.u m.2 411.o 781.3 1.~2 1&1.e 
1Gl6 ••• _......... 47.8 1111).U 40.0 10.2 34.0 48.0 42.0 18.0 !!06.0 DI.II 977.2 6l.O 1,038.2 1,5&.l l~.2 
11117 ••.•.•• -..... 5'-3 18.4 2.5.0 :l.8 23.0 211-0 31.0 13.0 152. 0 R5 649.8 34.. o ~- 6 1172.1 102.6 
1918 •. - ••••. -.... 47.0 47.3 Jll.7 4.4 17.0 111.0 24.0 10.0 llll.O 1111.5.4 3211.4 21.0 3.50.4 ISMS 611.2 
19111.- .. - .• .••••• 118. 0 112. 9 18. 2 13. 8 18. 0 lll. 0 iS2. 0 14. 0 1.511. 0 W. 9 11188. g '3. 0 731. D l. 137. 8 llll. 0 
19',IL ____ -•••••• 54. 3 90. 2 :I:!. 0 10:G 21. 0 35. 0 le. 0 15. 0 177. 0 4M. I 866. 4 M. O IIOO. 4 l, 3113. ~ 143. g 
·-· -----·--··-- lOII.O 82.2 lllll.9 15.9 28.0 :H.0 43.0 3l.O 227.0 IIIIO.O 4911.4 33.0 sa:u l.112.4 117.4 

32.0 13.0 9.2 4.3 11.0 9.0 111.0 7.0 77.0 JSIU tll.4 215.0 437.• 1535.D !Ii.I, 
60.0 4'-0 Jll.7 3.7 19.0 21.0 2.5.0 ll.O 1.24.0 8111.4 U5.8 35.0 610.8 Wi.2 97.8 
03.0 7,UI 30.4 4.3 27.0 36.0 40 18.0 210.0 ~7 814.0 l!l.O ~.O 1,399.7 147.7 

·--·-·-·-••·· 28.0 13.G 9.4 1.8 IJ.O 9.0 15.0 &.O 74.0 U!8.l i03.8 2.5.0 4:18.8 Gl6.9 &.I.I 
· 11112G •• ___ •••.•••• t5.0 80.o 218 14.4 :ae.o 33.o :12.0 13.0 1&11.0 ao 111u.s 39.o 1158.5 1,05a.5 111.5 
lllr..... .•• •.•••• 41. 0 Gl. 7 24. 8 2. 7 23. 0 27. 0 29. O 12. 0 143. O 31H. 2 7112. O 45. O 831'. O l, llll. 2 126. ll 
lffi............. 33.0 G0.2 15.5 5.8 18.0 17.0 11.6 10.0 117.0 &9 386.8 24.0 410.8 oot.7 i.1.3 
11129............. 40.0 411.0 21.6 G.O lll.O 25.0 23.0 11.0 128.0 823 6 1187.6 a;.o G.24.6 IMIJ.2 100. l 
1930 ............. t4.0 411.0 17.8 6.0 17.0 :111.0 24.0 10.0 119.0 llll3.6 '32.5 27.0 4Ml.5 783.l 00.~ 
11131..... .••. •••• 23. o :io. o 10. • a o 12. o u. o 211. 1 11. o ua. o m. 5 an. o 19. o 330. o m. 5 1111. Y 

l~r·····:-·:::: 5j'l:~ ~:g .~~ t~ ~:g ~~ ., ~n 1u l~:~ ~J ':J ~~ ~J _ l:~n 1~:~ 
'11:11 '. , ... : .... _ _ -~ 1 • .Q. ,l , ). 0 . ;, -1 'U . ). 0 I 3. 3 . ]. ;" ~ ;2, 0 , ·::io:.i , . 79., I : I. J ~ .oo. ; , i2!.'~ , .;J, ~ 

~:~:::~:::::::F-1-----~~~:.1 ..... ~~~:-~1 ..... ::~~-1-----~~~~-)-···-~-~-1-----:~-~-1--.-~:~~-l :: F -----~~~-~I :::~ 1- J::: 
1 l.l!cladas 11111.lmate of IITl&atlon ma above palng wtlml bued 011 lllS6 ~ ,.,,d oonmmptlve w,e figures, amoontmc to 'ltl.000 ami-fMt annually. 

The estimates for the annual run-off of the east.em 
and western streams and the combined run-off for the 
northern unit a.re given in table 198. Th.is shows a 
mean annual water production, 1890-1935, for the 
northern unit of the Middle section, New Mexico, of 
947,600 acre-feet. 

In the estimates for the southern unit of the Midd1e 
section no segregation was ma.de with respect to ea.stem 
and western et.reams. The run-off of this unit is very 
much less th.an that of the northern unit and there 
appears to be less difference between the characteristics 
of eastern and weskml streams. A va.ilable stream flow 
records a.re as follows: 

Santa Fe Creek above upper :reservoir near Santa Fe, 22 square 
mil.es, HUB-35. 

""Oyo Hondo near Sant.a Fe, 14 square miles, 1913-22. 

Rio Jemez near Sa.n Ysidro, 854 square miles, 1924, 1925. 
Bluewater Creek near BJuewater, 235 square miles, HH3-19, 

1921-35. 
San Jooe River near Suwanee, 2,765 square miles, 1913-17. 
Rio Puerco at Rio Puereo, 4,795 square miles, 1918-25, 1927, 

1934, 1935. 

Bluewater Creek joins the San Jose River near the 
town of Grants, and San Jose River is tributary to the 
Rio Puerco above the Rio Puerco gaging station. 
Contributmg areas of unmeasured run-off include 
Galistoo and Tijeras Creeks, Rio Salado, and minor 
streams, totaling 2,387 square miles. 

Est.im.e.tes for the missing years in the period 1913 
to 1935 were made for Rio Puerco using an established 
curve of relation to the run-off of Rio Chama near 
Ch.emit.a and similarly for Armyo Hondo by mf e:rence 
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to the run-off of Santa Fe Creek near Santa Fe. Be
cause of the very short record on Rio Jemez, its area 
wa.s included with th.at of the mun.ea.sured streams. 

.Above the Rio Pueroo station at Rio Puereo water is 
used for irrigation, &Dd correction was me.de for this 
in the water production estimates by adding e.n estimate 
of the irrigation consumption to the flow as measured 
at Rio Puereo. The survey of irrigated areas mo.de in 
1936 under the Rio Grande joint investigation showed 
e..rea.s in the Rio Puerco drainage above Rio Puerco 
station which were grouped in four units u follows: 
The Cuba unit on the upper Rio Puerco, 21900 a.cres; 
the Cabezon unit on the upper Rio Puerco and Chico 
Arroyo, 2,600 a.eras; the BJuewater unit on Bluewater 
Creek, 13,500 acres; and the San Jose unit on San 
Jose River, 6,800 acres. The irrigation consumption 
in these units wu determined by adjusting an estimate 
based upon a unit consumption of 3 acre-foot per acre 
to an estimate of the run-off in the irrigation season, 
Ma.rch to October, above diversions. If this run-off 
was greater than the total consumption given by a 
unit use of 3 acre-feet per acre, the total consumption so 
derived was taken as the value to be used. If the run-

. off was less, the total consumption was taken as 90 
percent of the nm-off. To estimate the annual irriga
tion sea.eon run-off above diversions in ea.ch unit, the 
areas of contributing watershed were determined and 
the :mean run-off, 1913 to 19351 computed from assumed 
values for the run-ofi' per square mile. This :mean was 
made to be consistent with the corresponding :mean 
at the gaging st.ation below the unit. Proportional 
distribution of the run-off by years was :made by 
".'Elference ~o ~he "3luewater record -~or !'Un-off '.o +,he 
.3luewa.uir imri 3an Jose lllU1iS a.nd i.O i.n upp;r· .Rio 
Puerco record derived by subtracting the. Suwanee 
station flow from that at the Rio Pueroo station, for 
run-oft' to the Cuba. and Cabezon units. Missing 
flows at the Suwo.nee station were estimated at 15 
percent of those at Rio Puereo. The' annue.l oorrec,. 
tiorui to the Rio Puerco record for upstream irrigation, 
thus derived, are included in the 1913-35 figures given 
for the Rio Puerco in table 199. 

The run-off of unmeasured streams in the southern 
unit was estimated by a. comparison of their individual 
dn.ina.ge chsn.cteri.stics to those of :mes.sured streams 
and the mean annual nm-off per square mile of the 
latter, to derive the mean e.nnual run-off 1913-35 for the 
total of the unmeasured group. Annual estimates for 
the latter for this period were derived from the relation, 
annual to mean, u shown both by the measured streams. 
of the unit md by Rio Chama at Chamita in the same 
period, using the mean of the values given by these two 
oom:pa.rieons. 

In the absence of any more representative index, the 
umual run.-off of all streams in the southern unit for 

Rio Grand£ Joint Investigation 

T.6l1Lll: 199.-Mountcin MJ.fHIJf to aouthtrn unit, middle aection 
Rio Grand, Btuin, New Me:rieo -. ' 

{Eatlmated amnJ nm-ell' at foathlll li~ of valleyw, O&owi Bndre IO Sal! Mar, 

IDnw!&ae - •.on aqaan miles. Unit 1,000 acn-leetJ 

8&.Dta Fe Arroyo 
Creek Hondo 

Deaf -Sallta Fe, Sa.DI.Ii Fe, 
22 ii 

llql!Al'e lql]J!,NI 
mllM miles 

I Rio 
Pueroo 
at Rio 

Pueroo, 
t,79S 

l!IQuare 
nilles 

Unmeas· 
um 

m-eams, 
3,Ul 

square 
miles 

Toi&! 

-----+--- --------- ------
l.8W ••••• - •• - •••••••• --- ·---·- •••••••••••• -- .••• -· --·- •••••• 610. 0 
lfflll •••••..•...... __ .•.••.•.•. ··-------· ··--····-- ··---·---· 818.0 
18112 •• -······· ·- -· -· . -------- ..•••.• ---- ..••..•••• -- .... .. . . 000. 0 
1m ••••••....•.•.•. ······-·-· ·-··-····- -·----·--- ········-· :aoo.o 
IJIOi. _________ ·-···· ----·-···- ····-----· ·········- ·--···"'"' 120.0 
l.8115 •• ---··········· ··-------- ·-········ ·----··--- -··-·-···- HO. 0 
1896·---·------···-- --------·- ······-·-· ···-···· .. ·-·-····-· 12.5.0 
1.81r7 ____ •••••••••••• ·······-·- -····-···· ·---·-··-· ······---· 710.0 
1808 •• ----··-·-·---- ----·----- ····------ ······---- --·-······ 185.0 
!Sl9 _____ ••••••••••• ··-·------ --········ ··---··-·· ·---···--· HS. 0 
1900 ••••••••••••••• _ ----····-· ·--··---·- -··--···-- ··•••••••· 102.0 
1001. ___ ·-··-······- ·········- ······--·· ........ -. ·---······ 188, O 
11102_ ••••••••••••••• -----· ---- •••••••. _ .••• -· •..••• ---···-·- 72. 0 
11l(l3, __ ·······------ -·--·-···· ······---- ·····---·- •••••••••• G02.0 
1004_·--··········-· -·--··---- ······-·-· ···-·--·-· ·--·------ la& 0 
1905 •••••••••••••.. _ -·--······ --··-····- -·-----··· ····--··-· 112().0 
.1900.--·····-····-·- ····-·---- ········-- ·-·-······ ··----··" l530.0 
UM.1'1-·--······-·--·· -----·---- .••••••. -- ·-·····--· ·---······ ll.'i6. 0 
11l08 •..••••••••••••• ······-·-- •••••••••• ··-······· -········· ::170.0 
1909 ••••••••••••• _ •• --···-···· ·····-···· ····-····· •••••••••• IIGO.O uno ..... --.---····· ..•••............•.. ··-······· --·-······ 295. o 
1911. ••·•••••••••··· ·-·-······ ••••....•• ····-····· ····-··-·· 625. 0 
1012_ ···---········· -····-- ·-- --·······- ··-······· ·---······ 818. 0 1913---............. 11.6 0.3 48.6 117.D 17Lf 
19it._._·····-····-· 8.8 .& 102.a :m.o 01.0 
101£. ______ ••••••••· L'U 2.2 2911.11 ffl.O 7ll8.6 
1111G. ·---·········-- 18. 9 :l.3 :121.1 43.'I. 0 1171. 7 
11117_............... 2.6 .I 42.2 155.0 11111.U 
1918_ ••••••.•••••.•• 4.11 .2 44.2 107.0 l~.3 
um_·----------···· 1G.o 1.4 :iat.8 11&5.o 840.2 
19ll0 ............. __ . 7. 0 • l 91. S 277. 0 315. 6 
11121. .-•• ········--- 18. 3 • 6 00. 8 21M. 0 313. 7 
11122.. ••• • • • •••••••• 3. 5 , I II. 7 00. 0 100. 3 
11123-·--·-···-······ fi,2 .3 IQ.Iii 153.0 l81U 
llr.U •• -----···-····· 10.9 .7 117.2 240.0 308.8 11125._.............. 2.1 .1 43.S 122.0 1117.7 
11126 ___ ............ _ II.& .II 188.7 31S.O 413.11 
1\127 •• -· •• •••••••• •• f.11 • 2 213. 0 37f. 0 &9l. 8 
1828 .••..... ·······- f. 4 • 2 4.3. 4 Ull. 0 167. 0 
111211-.--------•····• 8.8 .6 13'1.D :IIIO.O 407.0 
11m .. ·-·-·········- &., .s 11.1 1ss.o 2us 
1"31. •••• ___ •••.•• -. 7.8 .& 2Cl.S 114.0 112.8 
um ..... ___ ........ au . • 2e1. 1 ffl. o ,oo. • 
lll&'L. •• -.-·-······· ll.7 .1 84. 2 HO. 0 207. 0 
lGM._ •••• __ •••••••• 1.11 .l 80.9 101.0 JSG.9 
lffl •• ----··-······· 8.6 .4 132.g 1148.0 ~8 

46-year mean._·---- ---....... ····-··· .••••••••••• ·····-···· 385. 0 

158.4 
212. ~ 
15.S,g 
6i. 6 
31.2 

m.3 
<12.~ 

ISL4 
48. I 
38. 4 
:IU 
'8.8 
18. 7 

IM.4 
43.~ 

!Bl. I 
1113.6 
222.1 

l'tl.l 
H6.5 
10.0 

162. 4 
160. 5 
44.5 

1111.1 
117.l 
174.6 
61.Q 
iO. 6 

11!6. 3 
97.6 
111.6 
26.1 
49.1 
80.~ 
0.6 

13:I. 5 
jl"° 

... 
m. s 
A.18 
411. 5 

10~4 

100, 0 

1890 to 1912 was estimated by reference to the gain in 
the Rio Grande between the Lobatos and Otowi Bridge 
stations. Be.bv.flen Otowi Bridge and San Marcial 
there is the extensive irrigation use of the Middle Valley 
so that this section of the river was not suitable for tbe 
above reference. The estimated total annual run-offs 
1890-1935 for the southern unit of the Middle section 
are given in table 199. This indicates a mean annual 
water production for this unit of 385,000 acre-feet. 
The figures for the combined run-off of the northern and 
southern units which is the total run-off for the Middle 
section, a.re given in table 202. This shows a mean 
annual run-off for the Middle section of 1,332,600 
a.cre-.feet. 

Water Produdion In the Elephant Butte
Fort Qmtmu Section. New Mexico, Tens, 
ud Me:dco 

This is the run-oft' from the drainage are& of the Rio 
Grande between San Marcia.l and Fort Quitrr 
totaling 61868 square miles and divided as ·follows: 
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S,.,«NUu 
San Marcia.I to Elephant Butte-------------------···· 1,747 
~epb&nt Butte to Leaaburg •. _ -------- ________ ·---. _ 2, 163 

aburg to El Puo .•••. ___ • _______________________ 1, 327 

Paso to Fort Quitman •••. ---------------------·-- 1,631 

Total •••••••••••••• ------------------------- 6,868 

There are praetacally no perma.neot streams entering 
the Rio Grande in this section. The arroyos which 
produce most of the run-oft' as the result of intermitt.ent 
summer st.orms a.re largely tributary from the west 
between San Marcial and Mesilla. Valley. Two 
streams, .Alamosa and Las Palomu Rivers, have a fairly 
constant spring-fed flow but this is all used in irrigation 
above the Rio Gra.nde, so that only the arroyo flood 
flows reach the latter. The only available tributary 
nm-off records are as follows: 

Alamoaa River near Monticello, 385 square miles, 1931-36. 
Lu P&lomae River near La.ii Pa.lomas,'100 aqua.re miles, 1931 

(partial) . 

With this almost complete lack of run-off records in 
this section, the most feasible method of estimating the 
nm-off appeared to be that of isolating the Rio Grande 
gains between upper &Dd lower points, attributable to 
arroyo inflow. The valley agricultural area in the 
Elephant Butte-Fort Quitman section is prima.rily 
dependent upon water released, as required, from Ele
""liant Butte Reservoir. No dependence is placed upon 

oyo inflow and little of it is diverted to the land . 
. oreover, since the arroyo flow occurs as flash floods 

carrying large quantities of silt and debris, canal 
headings a.re frequently closed to avoid it. This 
situation makes it possible to estimate the quantity of 
;;ide ·..:mlow Jet~"7~n. ;wo :-iy~r ?('..fflts by. J. :,rocess. Ji 
elimination where detail records a.re available oi river 
disehuge, diversions, and return :flows. Such records 
are available for that portion of the section between 
Elepha.nt Butte and El Paso. A detail study involving 
the p1ottmg of daily hydrographs and comps.ring of 
daily records was, therefore, entered into to derive the 
side inflow to two units, Elephant Butte to Leasburg, 
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and Leasburg to El Paso. The following NOOrds, com. 
plete for the period 1924 to 19361 inclusive, were 
utilized. Except for the Rio Grande at El Paso record 
furnished. by the Inwrnational Boundary Commission, 
these a.re records compiled and furnished by the Bureau 
of Recla.mat.ion. 

Rio Grande below Elephant Butte Da.m. 
Rio Grande at Percha Da.m. 
Rio Grande at Leuburg. 
Rfo Grande at El Pa.ao (Courchesne). 
Arey ca.na1 at Perch& diversion. 
Leaaburg ca.na1 at Leaaburg divemon. 
EMt aide canal a.t Meaill& divemon. 
West side canal a.t Mesilla diversion. 
Waste to river in Rincon division. 
Wut~ to river in Leasburg divwon. 
Waste to river in Mesilla division. 
Discharge of maJ.na in Rincon Valley. 
Dilebarge of drains in Mesilla Valley, 

The daily gains in each unit were derived by eompa.r
ing the upper and lower river discharge, ma.king due 
allowance for time Jag and intervening diversions, waste 
and drainage return. The river hydrographs were 
then inspected to determine whether or not the gains 
thus shown were due to side inflow or to other causes 
such as lag in release of channel storage, increase in 
release of ground water storage following a reduction in 
ftow at the upper river station, discrepa.ncies resulting 
from the adopted time lag, or merely inaccuracies in 
records. Gains obviously due to these latter causes 
were eliminated and arbitrary corrections based on 
comparison of records, rate of increase a.nd decrease, 
etc., applied where these conditions were combined 
with side inflow. Except in two or three unusual years, 

• ,)ruy ·.he: ?e!':.oci ·.t"pril ·.-0 ')cwoer- -.va.s .~onsidered. ::..n J. 

number of months of this period, no side inflow was 
found in me.DY years. This period practically covers 
the entire season of arroyo flow as well as the normal 
irrigation sen.son, although some water is used in all 
months except January. Frequently in the months 
preceding or following the period chosen, Elephant 
Butte Reservoir releases are quite irregular and this 

TaH 200.-&iimatea tributary inftov,, Ekplaa.111. B1IUe to Lea,burg, 1914--$6 

t~ lll'e& 2,lll311q111U'1J lllllff. Unlt, 1,000 ~ti 

Yar .1111119 

----------1---·1----1·-- ---1---1---1----1---1----1----1---1--- --r--
0.11 &7 u 0 
0 111. 5 18. 3 82. 5 
:u l&l u 3. & 
I. 5 &11 u 11.2 

1n4 _____________ ••••• _ .... ---····--- ·····--··- ···--····· --···-···· & a o. e 
lll2S ••• ····-······. ······--·-········· •••••••••• -·-------· ····-··--· 0 0 
192111 ••• ·····················--······ •••••••••• •••••••••• 4.1 II. II a 0 
11177. ··--··········--··········•······ ---------- 11.11 0 e. 7 1. 4 8.7 ta.' :IS.I JO. 7 

1l.li :1111.11 48.2 11.0 
2.4 &II lU 1.0 
J. l :IL 5 11.e 1.11 
.8 :u 7.0 11.0 

1.0 U.8 10.ll && 
.a L8 20.2 :u 

G • 9 n.e a2 
.I "7 u lU 

ll..'I u U.7~ 

111188 ••• ·········-·····-···--·-···· ••••••••• - • 11 2. 5 U. 4 U. I 
lffl __ • --·--······. -·--------- --- .•.. ··-------· -----····· •••••••••• 2. 2 4- 0 
]030 ••••••••••••••••••••••• ---·---· ·····--·-· ----·-···· ····-----· 6. 0 2. l 
11131. •••••••••••••••••••••• - ••••••••••••••••.••••••••••• ·····--··· '- 1 .2 

;·::-=-.:.-:-.::::::::====:= ·····-: ····-·. :· ... -·:: Wi=,,c=~-l ,f-="""" .... i,,=-=!=== 

II. s ••••••••·• .••••••.•• 
• 2 •••••••••• ··----···· 

0 ····------ ······----
0 •••••••••• ·····-···· 
I. I 111 ········--lL II •••••••••••••••••••• 
, II •••• --···· ·-·---···· 
. . ···---···· ·---·-···

& a ·····-·-·- ····--·-·· 
l. 4 •••••••••• ····--··-· 
L l ................... . 
• l •••••••••• ···----··· .s O 0 
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irregularity ma.kes it very difficult to isolate possible 
side inflow. 

The tributary inflow, by months, in the period 1924 
to 1936, as derived by this study, is given for the Ele
ph.a.nt Butte-Leasbw-g unit in table 200 a.nd for the 
Leasburg-El Paso unit in table 201. A mean annual 
side inflow in this period of 49,300 acre-foot is indicated 
for the upper unit a.nd 32,400 acre-feet for the lower unit. 

As a basis for extending the estimates of tributary 
inflow to cover the 46-yea.r period 1890-1936 in order to 
provide some comparison with the water production 
estimates of the upper sections, the precipitation data 
for stations within or near each unit appeared to offer 
the only feasible approach. The stations used for the 
Elephant Butte-Leasburg unit were Elephant Butte, 
Hillsboro, Kingston, Garfield, Lake Valley, and Jomado 
experimental range; and for the Leasburg-EI Pa.so unit, 
Agricultural College, Cambray, Newman, La.nark, and 
El Paso. The period of the reeord at these stations is 
shown on plate 2. Missing records back to 1890 were 
supplied by reference to the relation between all stations 
for their periods of record. In each unit estimates of 
tributary inflow for the years 1890 to 1923 were made by 
means of curves drawn to show the relation between the 
sum of the April-October precipitation at all of the 
stations of the unit and the corresponding tributary 
inflow. The 8Jlllua] tributary inflows or run-offs thus 
estimated, 1890-1923, and as derived by the study 
previously outlined for the years 1924-36, are shown in 
table 202. 

To complete the estimates of tributary inflow to the 
Elephant Butte-Fort Quitman section two units 
r:.emo.ined-San Marcial-Elephant 13utte. ind ~1 ,P9.so-

, Yon ~m.:man·. · :?rom she precipH,ation-run-url' <latu 
used in extending the tributary inflow estimates for 
the Elephant Butte-Leasburg and Leasburg-El Paso 
units, curves were developed to show the relation 
between April-October precipitation expressed as a 
percent of the 46-year mean and the run-off in acre-feet 
per square mile, using the total drainage area of each 
unit. These curves for the Elephant Butte-Leasburg 
and Leasburg-El Paso units are shown on figure 44. 
From the position of these curves, similar ones to 
represent the &n Marcial-Elephant Butte and El 
Paso-Fort Quitman units were drawn to correspond as 
neacly as might be estimated with known general 
relations and probable run-oft' characteristics. These 
latter curves, shown dotted on figure 44, were then 
entered with the April-October precipitation in percent 
o( the 46-year mean to derive the annun.l April-October 
run-off's for each unit. Stations for whlch the precipi
tation records were used were Rosedale, &n Marcial, 
Chloride Ranger Station, Glorietta Ranch, and Ele
phant Butte in the San Marew-Eiephant Butte unit, 
and El Paso and Clint in the El Pa.so-Fort Quitman unit. 

Rio Gro:ruk J<>inl Investigation 
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The annual tributary inflows or run-offs, 1890-1936; 
,. thus derived !or •,hese tu·IJ 'mits :ire sh0wn :.n :able ~02. 

It is w be noieci. ihat th.is methori oi extension oi the 
records by reference to precipitation cannot be expected 
to yield a high degree of accuracy in a region such as 
the Elephant Butte.Fort Quitman section where the 
erratic occurrence of rainfall is an outstanding character~ 
istic. HoweYer, the complete lack of run-off data 
]eaves no practicable alternative method. The study, 
described in the section of this report on water supply, 
to deduce the Rio Grande flow at San Me.rcial from 
Elephant Butte Reservoir data, clearly indicates the 
uncertainties involved and the impracticability of 
applying this method to a derivation of the tributary 
inflow to Elephant Butte Reservoir. :puring 1936 an 
attempt was ma.de to measure and estimate the arroyo 
inflow to Elephant Butte Reservoir) but provision for 
satisfactory conditions to insure reliable estimates was 
not possible with the time and funds available. The 
May-October inflow so estimated for the western 
a.rroyos was only a.bout 1,000 acre-feet, although the 
1936 April-October tributary inflow to the San Marcial~ 
Elephant Butte unit as derived by the study here 
was 15,000 acre-feet exclusive of the flow of Ala.mob.. 
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TABLE 201.-&lima.ted trwwarv inflow Ltuburg to El Paao 1 

IDralllace area 1.m IQUlltl! Dllle8. Ulllt 1.000 Nn-~t] 

.July 

191 

-----------1,-----1---- ----1----1----1---·r----1·--- ---------------
,"24 •• ___ ••••••••••••••••••••••••••••••••••••••••••••••••• t,2 7,0 n., 10., 0 
lffl. ___ ·-----·-·················-·-· ········-· -·-··-···· ----·-···· t.l 10.1 7.3 .7 

1S.4 4.11 6. 0 
13.0 2().8 12. 0 

11126- •••••••••••••• _ ••••••••• ---·····-···---··--······•·-- 11.l 9.4 .I 11.7 .4 
111X1 .•• _ .............................. ···---·-·· •••••••••• •••••••••• .a a.o 1.2 a 1 
11121l---····---------·········-········----···-·· a.a a~ 4.6 11.2 2.2 3 .. ~ 
111211 ..•••••••••••••••••••••••••••••• -••••••••••• -·---·-·-- 3.11 12.11 115.8 .7 .7 
1830-·-···········•••·············•••• ••.••••••• .••••.•.•• ..•.•..•.. J.3 3.5 L8 3.2 

111.2 &. 0 11,3 
4. l 6.11 6. g 
?.$ f.6 1.11 
6. 8 9. B -.'I 
11.8 2. 8 1.11 

111:11_ ----········-·····-·············- ···--·-·-· •••••••••• ···-·-···· II. 11 2.0 .. • ! . 8 1m. ___________ •••••••••••••••••••• -----···---··········-·······--· 4,4 1.11 .... .3 
11133----··---·--••·-·····--·············-·-·····-··········---·····- 11,I 2,1 2.4 .IS 

4.8 8. 7 3. !I 
:u l, l 2.11 ,.o 4- ~ 4.11 

!934 ••••• --------------········--········-··-----···-····- ., -3 -1 .s ,3 . e 1-1 .8 

82. 3 
117,8 
&U 
26. I 
40, 7 
us 
21. 3 
2fl.0 
21.11 
26. 6 

11135-·-···-··---·······-·······--···-· ······---- --········ ···-··---- .3 .2 :? ,2 • ··-·--o ··-·····n· 
!1136 ••.•••••• _______ ·--··-·--·--·----- 0 .3 0 ,4 l.l 4 .2 • 

2. l 8. 7 1.2 
.s 1.6 .7 

4, J 
13,' 
5.0 =--= ==-==l====-r-===1====1====11=-= ~ -~ 

Mean---------------------·--····----···-····-- .3 l,t t.~ 11.2 2.11 1,1 0 O 3.2,4 11.6 6. 2 4. 2 

TABLE 202.-Mounlain run-Di! to Middle and Elephant Butte-Fort Quitman 11utiom, Ri-0 Grande Basin, N. Mex. and Ta. 
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River, which it may be assumed was all used in 
irrigation. 

The erratic character of the run-off in the Elephant 
· Butte-Fort Quit.man section a.nd the difficulties in
volved in estimating it are well illustrated by the wide 
divergence between the 46-year means and the 46-
year media.ns for the units of this section as shown at 
the bottom of table 202. For instance, the total mean 
annual .run-off for the section, influenced largely by a 

Rio Gram& Joi-nt Investigation 

few erratic yea.rs of high run-off1 ilL.!§.!,800 acre-feet, 
although as indicated by the median, the run-off in 
23 of the 46 yea.rs was 111,000 a.ere-feet or less, 

If the estimated mean annual run-off of 22,500 ac1 
feet in the El Paso-Fort Quitma.n unit is divided to 
Texas and Chihuahua, Mexico, in direct proportion 
to their respective drainage areas tributary to the 
Rio Grande in this unit, the Texas :run-off is 11,000 
acre-feet and that of Chihuahua 11,500 acre-feet. 
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GROUND WATER RESOURCES 
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PART II 
' ...... CTION !.-GEOLOGY AND GROUND-WATER CONDITIONS OF THE 

.) GRANDE DEPRESSION IN COLORADO AND NEW MEXIC0 1 

General Statement 

The investigation of the geology a.nd ground-water 
conditions in the Rio Grande Valley was made as a 
pa.rt of the Rio Grande Joint Investigation under the 
auspices of the Water Resources Committee of the 
National Resources Committee. The investigation 
was made by the Ground Water Division of the United 
States Geological ~urvey under the direction of C. V. 
Theis a.nd under general supervision of 0. E. Meinzer, 
who is in charge of the Division. David G. Thompson, 
senior geologist in the Ground Water Divisiont was in 
the field from March 12 to May 3, 1937, and contrib
uted greatly in organizing the work. Sections l, 2, 
and 3 of pa.rt II were prepared on the basis of this 
investigation. 

The Rio Grande flows from the heights of the San 
Juan Mountains in Colorado to the sea through a 
series ol structural basins that were formed chiefly by 
faulting and other deformation of the older rocks and 

~quent filling with sedimentary and volcanic 
..its. This series of basins forms a structural 

ot::pression that is referred to in this paper as the Rio 
Grande depression. The basins differ from one an.other 
in their physical characters, their present social and 
economic standards. the order in which they have been 

• mccessiveiy ·Jccupied :.iy ·iinere:b.t ~·aces of men, anci the 
completeness of their occupation. Therefore ea.ch 
basin is a geographic unit, not only in its physical 
aspect but also in its ~storico.l development. The 
impa.ct of the environment and the reaction induced 
by successive incursions of groups differing radically 
in race, language, and customs have led to social and 
political differences as great as the separation in space 
and in topography. 

The physical rather than the social or historical 
features of the several basins of the Rio Grande in 
Colorado and New Mexico are here set forth. The 
several parts of the region traversed by the Rio Grande, 
in spite of their differences, have many similarities, 
which can be traced back to a common geologic history. 
This history is here summarized to a.ccount for the 
striking differences in the topographic forms of the 
eeveral basins and .in their equally important hydrologic 
conditions. 

'~- 10.rlr Beyu, lmllor l90loclst ID the U. B. Cleo!opal 8DneJ' Pd lalal&te 
of~ ID B&ml.l'd Unlvmit:,-. 

lt46---8S--14 

Somees of' Data 
Knowledge of the geology and geomorphology of 

New Mexico, particularly the north-central portion, 
has been gained over a long period by many observers. 
A general description of the successive valleys was 
fust made by Lee ' in 1907, and his description has 
been drawn on in this paper. The general stratigraphy 
and structure of the pre-Tertiary rocks was presented 
by Da.rton a in 1928 in a comprehensive paper the. t 
contains an extensive bibliography of earlier literature. 
For the area below the Socorro quadra.ngle, Harley's 
work on Sierra County' and the brilliant monograph 
by Dunham 6 have been useful. 

The writer began work in the area in 1909, 8.lld at 
different times in 1916 and later yea.rs he made recon
naissances. In 1925, 1927, 1928, a.nd 1929 he studied 
various problems under the auspices of the United 
States Geological Survey and other agencies. Since 
1931, with the help of Harvard students and largely 
aided by different funds of Harvard University, be 
has been engaged in a general attack on the Tertiary 
geology and the geomorphology of the area. Dr. 
H. T. U. Smith bas completed a study of the Abiquiu 
quadrangle. Prof. R. E. Nichols has investigated 
ibout 70 miles of t,}:i.e San _Jose Valley :rom Grants 

1
:0 \he 

- Rio ?uerco. Fran.kl.in r. McCann worked with the 
writer near Cuba, N. Mex., and again at the north 
end of the Ceja. del Rio Puerco. Joseph E. Upson 
and Charles S. Denny are still engaged respectively 
in studies of the east side of the San Luis Valley and of 
the basin just north of the San Acacia constriction. 
The writer studied the Socorro quadrangle in 1925 and 
again in 1931. With J.E. Upson he completed a study 
of the Santo Domingo area in 1934. A. N. Dangerfield 
has begun a study of the Mesilla Valley. Each of 
these men and the writer have been assisted in the 
field by students of Harvard 8.lld other colleges. The 
enthusiasm and sacrifices of these volunteers would 
deserve separate mention if space permitted. The 

tLee, w. T., Wat« :a- or tJle Bio Griuul.e Valley ID Nn' Kulm: tr. s. 
Cleo!. SlU'TI]' Wuar-Bupply Paper 1118, llll pp., llm. 

t Dar1.oD, N. B., "Bed Bldii" 11.Dd ~ fonutlom ID Nff MG.!eo, "'1th !Lil 
oatllileo!tbepoloffoftm Bi.ate: U. 8, Oeal. Survey B1lll. ?'Iii, Wpp., 11128. 

'Buley, Cl. P., The IPOloa and en d,epml&8 al man 0-t:,-, N. Ma.: Nff 
.Mmoo Scllool o! Mlnllls, Bur. MIDea and Mb>enl ~ Bull. 111, 2.IO pp., 11134, 

I DlulJlam, i:. 0., Tbe l90}Ga of Ule 0rpn Mou.nta1m, w1tb im -t of the 
polciu imd mmnl --of Dmla Alla Clotmt:r, N. M11., New Me:noo Schoel of 

. ~ Bm. Mi- Uld Mlnlnl a--Bull.11,ffl pp., llm (la). 
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studies recorded above are being prepared for public&• 
tiou, and, although several papers a.re :in press, only 
preliminary announcements and a. few papers had ap
peared in print by the winter of 1937,1 The writer 
expresses his thanks to these coworkers and assistants 
for the use of material here included and for ma.ny 
pleasant hours in the field. 

Broad Relations of the Rio Grande 
Draiuge Area 

The drainage are.a of the Rio Grande includes pam 
of Colorado, New Mexico, Texas, and Mexico, with 
diverse t.opographic characteristics. The region is 
commonly dh-ided into pro.inces of somewhat homo
geneous characteristics (fig. 45). The Southern Rocky 
Mountains of Colorado erlend southward into New 
Me~oo as two prongs. The Sangre de Cristo Moun-

W'l'OIUNG 

UTAH 

MEXICO 

Fi:omn: 46.-Tbe Bio Onnm ~ Gd liruemn.l ~ bl ~ to tlle 
phys!~ provlums ol the nipm. (~ depraslol:I Bllowll by deep 
a.lla.clJDr .) 

• :Br,a. lJrt. Bann ~ l'fald ~ bl N41W Me.xlao: B'.u'Qrd AJwnnl 
Bulla!J.11, hb. 12, IIU 6eeoDd ~ Nd School m N.., ltledoo: Ir.!Nn., 
Mar. 17, 111.13; Tbl BJnwd Geo!Clp.'11,1 Field kboaJu ~ 1111d lforilcl,st; 
Idem., Ma,, 18, Uk DQm, lDr.t, IDd Meoun, F. T., 8-i?Unllllcm ~ 
aftbe IIJIPIB' Bio~ naar Cuba, N. Mu.: ;Jam. Otdlilu, val. 17, 1'1116. Nlcbol.s, 
B . .B., Jl'Ja1Nm.tU Ill llua.l&: 1am. Clealou, TIii .... pp. u1--. Ul!IG. .BfJ'&ll, Dir, 
ud McCalm, F. T., The CeJI, de! Ria~...._ 11Mmn ol tba Bam I.Dd 
lwip l)lll?Ulal lll Nn M;a!oQ, 111Gl, G10loa (I.a i;ira). Ca1:1ot, .E. o .. l'aw& 
bwdm attht! ~ de Crllto, wrtll a1 &aata F-. N. Hm .. 1uur. ~cm..->. 

Rio Grande Joint luvestig11fio1t 

tams form the eastern p1i:lng-w:ui end a.t Glorictu. 
The Conejos and Jemez Mountains fonu the Jess ,. · · ,j 

western prong o.nd end at the pueblo town of 
Here, at app:roxims.tely 35°30' north latitudt,, ~ne 
Colorado Plo.tea.u province, the Basin and Range prov
ince, and the Great Plains province border in a. relu
tively small aren.. The Rio Grande, rising in the high 
&n Juan MoWJtau1s, flows eastward through deep 
canyons as a. clear mountain stream into the So.n Luis 
Valley. This broad open area of plains, with o. general 
altitude a.hove 7,500 feet, is obviously a. depression ui 
the mountain belt merely modified by the entrance of 
the river. It is the northern portion of the Rio Grande 
depression, which, beginning o.t Poncho. Pnss, about 50 
miles north of the entrance of the Rio Grande, extends 
southward between the two prongs of the Rocky Moun
tains for nearly 200 mileB. This part of the depression 
is diversified by b.i.lls, volcanic peaks, o.nd lava~apped 
pl.a.tea.us and is generally included in the Southern 
Rocky Mountain province. Howeyer, structurally it 
is continuous southward, with an offset to the west of 
about 30 miles, with a. series of contiguous basins tho.t 
form part of the Basin and Range province. · 

Within the Ba.sin and Range pron.nee, as far as El 
Pa.so, the course of the Rio Grande lies genero.lly within 
the basins and is roughly po.ro.llel t.o the ranges. At El 
Pa.so there is an abrupt change to a southeasterly ~i'""c· 
tion, a.cross the basins and ranges, in the area kn 
the Big Bend. Thence the river continues ti. 

· southeastward down the slope of the ooa.stal plain. 
The abrupt change in course at El Pa.so has led to Vtm· 
ous suggestions that the present Rio Grande has been 

, formed '!:iy ";wo :i.vers. lce.ording •,o ":.h~e.,u~gestions. 
the upper river once .rloweci souihward in r.be ororu:i 
basins of northern Mexico, where it evaporated, but it 
was captured by the heo.d"·o.rd erosion of the lower 
river. 

The lower river, emerging from the series of canyons 
below Fort Quitman o.nd rejuvenated by the influx of 
the Pecos and several large tributaries from the Mexican 
side, is a broad stream of low gradient, slightly incised 
in extensive mesquite-covered plains which beoome 
lower and lower. The smooth plains of the delta begin 
about 80 miles from its mouth and are irrlgn.ted in the 
subtropical Brownsville aroo.. The isolated valleys of 
the upper river area are indeed remote. from this 
11Winter Garden'\ which is in oommunication by sen. 
with the whole world. 

The Rio Grande above Fort Quitman is a complex 
stream in that it flows from basin to basin through 
canyons or other restrictions. It :may be roughly 
likened. to a stream flowing from one sand-filled tub to 
another through narrow troughs. Each tub difl'p- •u 
size and shape from the others and contains sa.n 
different quality. In. these tubs water is Im,. / 
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evaporation s.nd is a!so gained by local rainfe.ll on the 
-.. ,ul. The troughs also dffl'er in shape end length, and 

iome of them there is a gain of water. 
fhe basins consist of broad plains between mountains. 

Only in the lower part of the San Luis Valley does the 
river run essentially at the grade of the plains·. In the 
other ha.sins it is incised from about 260 to 500 feet 
and flows in an inner valley, or trench, that has a flat 
floor, l to 4 miles in width. These inner valleys con
tain the inigated lands, meadows, and cottonwood 
groves on which the successive civilizations of the Pueblo 
Indians, the Spaniards, and the present American 
inhabitants have depended. To them the inner valley 
is the important feature, and names have been given 

·to its wider port.ions and intervening oontrootions. In 
the following description the names of the inner valleys, 
or trenches, are ~ also to designate the structural 
basins in which they lie. 

The several parts of the depression differ in their 
altitude above the river e.nd in the degree of dissection. 
Some parts a.re smooth pla.in.s, others a.re a maze of 
steep-walled gulches, and still others a.re ho.salt-covered 
plateaus. All these areas, except the flood plain of the 
Rio Grande within the inner ve.lleys and the flat floors 
of some of the principal tributary streams, have a 
deep water table and low run-off. The Santa Fe for
mation is the principal body of sedimentary deposits 

b.e structural basins whlch in this paper are collec
,!y called the Rio Grande depression. It is some

what permeable and produces sandy soils that promote 
infiltration of rain. Similarly, the widespread cover 
of gravel, which was deposited in several successive 
'?]eistocene stages .. js oi::,en mi ?frmeable. -:'2e Jo.sru.t
~vered a....:ea.s ii.re very conducive to surface infiltration, 
a.nd large parts of the bualt.oovered plains have no 
surface nm-off, even in the most severe rain storms. 
.A further characteristic of these surfaces is the presence 
of wind-borne or wind-laid soil over large areas. The 
Bandy dissected slopes and the sandy beds of streams 
furnish at-present and have furnished in the recent 
geologic pa.st large supplies of sand to the wind. This 
materiel has been deposited on flat surfaces of gentle 
grade and forms a permeable soil that promotes in
filtntion a.Dd decreases run-off. 

The principal cham.cteristic of these a.roos which 
inhibits infiltration is the presence of caliche. This 
deposit of ealcium ca.rbonate forms crusts ranging from 
a mere impregnation of the soil to a layer of compact 
limestqne 2 to 15 feet thick. This layer lies from a 
few inches to a few feet below the surf ace over large 
areas. It forms a barrier to the in.filtration of ramlall 
that is efl:'ective in proportion to its thickness &Dd the 
""'"'ection with which it has been made and preserved. 

e mountains a.nd highlands that border the Rio 
.1de depression ilifi'er from the depression in many 
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ways as :regards water supply. In the first place, they 
generally, though not everywhere1 stand at higher alti
tudes and hence receive a greater precipitation. Their 
water itupply is not only greater but also more con
tinuous, because much of the winter precipitation occurs 
as snow a.Dd hence runs off with relative slowness as the 
snow melts. Furthermore, these areas have a greater 
vegetative covert which tends to delay the run-off. 

In the second place, the steeper slopes and relatively 
impervious character of the rocks of the mountains 
and highlands promotes rapid run-ofi' in contrast to 
the characteristics of the basins just set forth. Thus 
the greatest floods come from these highland areas, 
even though the only perennial streams of the region 
a.Jso :run from them. The rocks of the highland are11s 
are also variable in their permeability. On the whole1 

infiltration into them is moderate in quantity and tLe 
ground-water reservoirs are small, but there are notnble 
exceptions. Thus, as will be brought out more at 
length, the great limestone plateau of the Sandin 
Mountains is fissured and cavernous and therefore 
forms a considerable ground.water reservoir to feed 
the springs at the east base of the mountains. 

The importance of these major differences \\ith respect 
to water supply is rather obvious, but tneir effects on the 
relative size of stream valleys and the relative efficiency 
of individ unl streams is likely to be overlooked. 

Outline of the Structural Basins 
ud Their Inner Valleys 

San Lula Valier and Bio Grande Canyon 

.:T.J.e irst ·)i- :be 3trucr.urn.1 ·Jasins ~hrough tmcn' '.he 
Rio Grande flows is the· San Lu.is Valley of Colorado, 
which begins at Poncha Pass and ends where shallow 
canyons in the rocks of the San Luis Hills begin. (See 
fig. 47 .) South from these canyons, the river flows in 
an open valley, with the hills on the west a.nd broad 
plains on the eo.st. This o.reo. is eronomically and 
&ocial]y a. pa.rt of the San Luis Valley, but structurally 
and in part bydrographlcally it is distinct. The State 
Line Bridge, about 6 miles north of the New Mexico 
line, marks the beginning of the Rio Grande Canyon
s. narrow gorge in basalt. From a start as a narrow 
trench only 50 feet deep, the canyon deepen.s in 
the next 50 miles to Embudo, where the basalt
capped walls a.re 1,200 feet high. This deep canyon 
a.nd the sage-covered basalt plateau in which it is 
incised eft'eetively separate the Sa.n Luis V a.lley from 
the lower valleys, not only physically but also in an 
economic and soda.I sense. Structurally this part of 
the depression is not well known, as the great floods of 
baaaltic lava have covered its complexities and ·have 
given a sW"ficial unity to an area. that is structurally 
diverse. 
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&lpaiioJa Va.Dey 

In the next 25 miles the river runs through the 
Espaflola. Valley. (See fig. 48.} On the west th.is valley 
receives the Chama River Q.Ild is connected with the 
Abiquiu area; on the east it receives a number of small 
streams that connect it with small irrigated valleys at 
the foot of the Sa.ngre de Cristo Range. Econom.ica.l]y 
the area around Santa Fe is pa.rt of this region, but, 
explained on pnge 224, Santa Fe Creek and the plains to 
the south of Santa Fe constitute an area that is hydro-
logically distinct. 

White Rock Canyon 

At Buckman beg.ins the White Rock Canyon, known 
to the Spanish as Caja. del Rio. It is a narrow gorge, 
20 miles long, between the Sierra de los Valles and the 
Cerros del Rio. 

Santo Dom.info Valley 

The next valley, marked by the entrance of Santa Fe 
and Galisteo Creeks from the east, is the comparatively 
small San to Domingo Valley I n bout 20 miles long. 
(See figs. 48 and 49.) It ends at San Felipe, where there 
is a short and relatively insignificant constriction of the 
valley by the basalt plateau of Santa Ana. Mesa and 
the little butte called San Felipe Mesa. The insignifi
cant character of this constriction is out of proportion 
to the relatively large change in the character of the 
basin. Here the Rio Grande depression emerges from 
the Southern Rocky Mountain province into the Basin 
and Range province, and here the depression as a whole 
is offset to the west a.bout 20 miles. The Santo Domingo 
Vallev "ies :n ;his l.i'ea :i :tl':;e: ·;::., ii is ::-elated 
struc~uraily t,o the basin a.t· the north. 

Albuquerque and BeJen Va.Deya 

The Albuquerque and Belen Valleys lie in a part of 
the Rio Grande depression which is 80 miles long and 
25 to 35 miles wide with a general trend a.bout 10° west 
of south. (See fig. 49.) The eastern border of the 
depre,gson is a continuous belt of narrow but high 
mountains, named> from north to south, the Sandia, 
Manzanita, and Manzano Mountains and the Sierra 
de los Pinoe. Canyons have been cut around and hew 
tween these ranges, and consequently not only their 
westward slopes but also a considerable pa.rt of their 
eutward slopes dra.in to the Rio Grande. Ea.ch of 
these canyons a.ff'ords a pass or means of aoooos to the 
F.stancia. Valley and the plains beyond. The waters of 
the canyon north of the Sandia Mountains enter the 
valley at Bernalillo. Between the Sandia and Manza.
Dita Mounta.ina is Tijeras Canyon (Canyon de Camuel), 
whose waters enter the valley 4 miles south of Albu
querque. Between the Manzanita imd Ma.nza.no 
Mountains is Hell Ca.nyon (Canyon del Diablo ), whose 

Rio Grande Joi:m Investigation 

waters enter the valley near Isleta. _Between the 
Manza.no Mountains and the Sierra de loa Pinos ir 
Canyon, whose waters enter the valley near ~ 
The pass at the south end of the Sierra de los Pino1:1 18 
less well defined, though adequate for a rough wagon 
road. The water of this area, passing through the 
gulch called Agua de Torres, reaches the river at 
La Joya. 

A part of the structural basin occupied by the 
Albuquerque a.nd Belen Valleys is higher than the 
adjacent region to the west. The western prong of 
the Rockies, locally cs.lied the Sierra N aci.miento, ends 
in the Siem.ta Mesa. West of this prong the C-Olorndo 
Plateau province is relatively low. Farther south it 
comes into contact v.ith the basin a.long the Ceja de] 
Rio Pue:roo, a westward-facing escarpment. This 
eeearpment extends southward nearly 60 miles but 
fonn.s the boundary of the basin for only about 30 
miles, or as f&r as Cerro Colorado. In this 30-mile 
stretch the surface of the basin, underlain by valley 
fill, stands 400 to 500 feet higher than the adjacent 
Colorado Plateau province. From Cerro Colorado the 
boundary of the ha.sin crosses the broad valley of the 
Rio Pueroo in a vague southwesterly course to the Rio 
San Jose. Thence south for 25 miles, to the north 
end of the Sierra Lad.ron, the boundary is e. well.
defined but diversified eastward-facing escarpmev· - t 
sedimentary rocks capped with basalt. Here the 
n&.ITOv.-s toward the south end of the Belen Vallt,., , 
San Acacia. 

The inner valleys known as the Albuquerque and 
Bele~, Valle~ ~e sep~rated !roz:n each ?t~er .by a 

+.P~l!ll ~onstnc-:;1on :i;;; ~.:..sleta. ":';:is .~onst,!c1.1on .s JO~ 

a canyon but only a narrow place m the :flooci plain 
formed by the outcrop of a layer of basalt. The lower 
end of the Belen Valley is mQ.l'ked by th entrance from 
the west of the Rio Puerco, the longest tributary of the 
Rio Grande within New Mexico, and the Rio Salado, 
a.nother important tributary. 

Bu A.cad& Cons&rletion 

The San Acacia constriction, in itself a small feature, 
marks an important cha.nge in the shape and form of 
the Rio Grande depression. The inner valley narrol\'S 
a.nd beoomes a canyon a.bout 300 foot deep and less 
than half a. mile long. The rock walls are of dark-gray 
andesite, in oontra.st to the characteristic gravelly 
bluffs of the valleys to the north and south. 

&cmro Vde7 

The Sooorro Valley extends about 38 miles, from 
&n Acacia t.o &n Marcial, and is about 1 to 3 miles 
wide. (See fig. 50.) From San Acacia. to San ,Anf ·' 

the river is near the east side of the va.lley, and 1 

all the irrigated land lies west of the river. From..,....., 
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Antonio south to San Marcial the river flows nea.rer the 
middle of the inner valley, but even here the fiood 

la.in on the ea.st side is narrow and disoontinouus. 
The basin in which this valley lies is complex. In 

th"e northern portion it is only 8 to 12 miles wide and 
lies between mount.a.ins on the west, and a highland 
on the ea.st. South of San Antonio the plains widen out 
and the rourseof the river is southwestward to San Mar
cial. The great basin calle.d the Jornadn de] Muerto 
lies to the east1 and plains 6 to 8 miles wide extend west
ward to the south end of the Magdalena Range. 

The marked structural change at San Acacia is 
obri.ously connected with this constricted northern 
portion of the Socorro Valley and with the border basins 
into which the river flows south of th.is area. 

San Mudal Constrkilon 

The cow;triction at San Marcial is due to a great 
basalt flow which forms a cliff southeast of the town and 
which covers about 140 square miles of the Jome.de. del 
Muerto ea.st of this point. According to Lee1s theory ,7 

the river once ran south"·ard from this point through 
the broad Jomada del Muerto and thence across La 
Mesa into Merico o.nd was later diverted from this 
course by the lava. flow at &n Marcial. 

ED1le ValJe7 

From &n Marcial the river still bears eomewha.t 
.st of south a.nd :runs for more than 40 miles in a 

na.rrow valley west of the Fm Cristobal Mountains. A 
dam 250 feet high at Elephant Butte hes converted this 
area into a reservoir. 

·. El~p.l11u11 .Jutte !~.anyon 

Beginning a few miles north of the dam site, the river 
runs in a narrow canyon cut in the rocks of the north end 
of the Sierra Ca.hallo. 

Rincon ValJey 

From Elephant Butte Canyon the river emerges into 
a basin tha.t lies on the west side of the Sierra Caballo 
and extends far south of it. In this be.sin the river 
runs in a valley somewhat wider than the Engle Valley 
for nearly 50 miles. Th.is valley is called the Rincon 
or Las PaJoma.s Va.lley, after one or the other of the 
towns within it. In its lower part the valley turns 
sharply eastward for a distance of about 12 miles. 

Se!clon Cu.yon 

The Seldon Canyon, below the Rincon VeJ.Iey1 is 
about 18 miles long and is wide enough for a railroad 
~d highway. It is somewhat diversified in aspect, as 
1t cuts through :rocks of differing hardness. The trend 

,e, w. T., Watar ffllOm'CIIII °' the Rio Ol'lllldtl Valle:, m New MllllilO iwd their 
'°1lmel:lt: u. s. o.w. Stin'e:, W&tlH.lupply PaPllr 188, p. ,a, um. 
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of the canyon is eoutheastward',· 1Wd-U,s Jower end is 
directly south of San Marcial. Thus in this series of 
narrow valleys and constrictions about IOO miles long, 
the river has accomplished a great bend to the west of 
more than 20 miles. 

Mel!IWa Valle1 

The Mesilla Valley has a southeasterly course diag
onally across the trend of the Jornada de] Muerto nnd 
its supposed southern _extension, which is called La 
Mesa. The Mesilla Valley is 50 miles Jong and ahout 
l to 4 miles wide. The lower stretch of about 20 miles 
is essentially parallel to the north-south trend of the 
Fnmklin Mountains. The river then turns sharply 
southeastward into the El Paso Canyon. 

El Puo Cu.yon 

The El Paso Canyon is a gorge between the Franklin 
Mountains and the Cerro Rodadero, also called Cerro 
de Muleros, cut partly in rock and partly in deformed 
beda of sand s.nd gravel. This canyon separates the 
Mesilla Valley from the El Paso V a.l!ey and has special 
importance because here are also the international 
boundary and one of the principal cities of the region. 

El Puo Vlllle;r 

The El Paso Valley has a southeasterly trend e.cross 
the Hueoo Basin, which, with the Tularosa Basin, to 
the north, has a north-oouth trend. The valley .is 
about 90 miles long and ends at Fort Quitman, in a 
canyon at the south end of the Quitman Range. 

OJder Rocks of. the Highlands 
t' md ·lf omu.ain 3.anges 

Pre-Cambrian Complex 

The oldest rocks of the region are great masses of 
schist1 gneiss, and granite which together form a 
crystalline complex considered to be of pre-Cambrian 
age. Near El Paso the complex is overlain by upper 
Cambrian and Ordovician strata, but farther north the 

. oldest overlying rocks are of Pennsylvanian age. In 
the southern pa.rt of the region the pre-Cambrian age of 
the complex seems to be well established, but the 
scattered areas farther north show a less definite age 
relation. However, the different areas of these rocks, 
although widely separated and but little studied in 
detail, appear to have a common antiquity by reason of 
their high degree of foliation and meta.morpbwn and the 
me..rked unconformity between them and the overlying 
Pennsylvanian rocks. 

The schists are of both igneous and sedimentary 
origint and there are large thicknesses of quartzite, 
which in some places ill the dominant rock. These 
metamorphic roe.ks are intruded by great masses of 
igneous rock, chiefi.y granite and granodiorite. 
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Throughout the geologic history subsequent to their 
formation these rooks have been resistant to erosion and 
have formed highlands. From them pebbles have been 
carried into all the later rocks, and many quartz and 
qunrlzite pebbles have been rehandJed several times as 
the later formations have been successively uplifted 
and eroded. At present these crystalline rocks form 
large ports of the higher ranges, particularly in northern 
New Mexico and in Colorado, and they furnish easily 
identifiable drbris to the streams. 

Penn11rn111lan and Older Paleozoic Rod:s 

At the beginning of Paleozoic time a sen invaded the 
area from the south. In this sea the early Paleozoic 
rocks are laid down as a thln mantle overlying the pre
Cronbrio.n complex. The land surf ace cut on the older 
crystalline rocks to the north must have been low, as the 
deposits in these early seas were mostly slui.le and lime· 
stone. The Bliss sandstone, El Paso, Montoya, and 
Fusselman limestones, and Percha shale have a total 
thickness of 460 to 1,350 feet and represent the time 
from the Upper Cambrian to the Upper Devonian. 
However, as slight uplift and erosion occurred after the 
deposition of ea.eh format.ion, the man.mum thickness 
of these beds is not. present in any one place. The 
northerly outcrops of these beds a.re in the San Andreas 
and Oscura Mount.a.ins and near Chloride. North of 
this latitude these formations a.re unknown. The Lake 
Valley limestone, of Mississippian age, bas a ma.iimum 
thickness of 210 feet. It overlaps the older rocks as a 
thin wedge extending north to latitude 34°30', where 
its la.st known exposure is in the Sierra Ladron. 

The \fagdsJena 'P"OU'!), <)f P~nnsylvs.nia.n age, '.lOn-

31Sts -a.r;ely ,)i ':.iJnestone ··"-ith oome s.ba.le and r. variable 
amount of sandstone and conglomerate at the base. 
These rocks form a huge plate 900 to as much as 2,500 
feet thick, extending from the south to the north so as 
to overlap the older sedimentary rocks just described 
and to extend over the crystalline complex northward 
in to Colorado and beyond. 

Near El Paso thP pre-PflnnsyJvanian rooks cover 
ronsiderablP parts of oome of the smeJIPr rangt>,S. In 
genprnl these rocks are of littfo importance either as 

· yie]ding run"'°ff or u sources of material for later 
sediments. The Magdalena group is, however, of very 
forge importance .. It covers most of the Ca.hallo, San 
Andreas, Socorro, and Ladron Ranges and forms nearly 
all of the Sierra de los Pmos-Ma.mano..Sandia uplift, 
where it is generally 900 to 1,200 feet thick. It is 
fflW!tant to erosion under the present climate and forms 
pa.rt of the highest areas, but it furnishes some large 
blocks and pebbles that are carried by ephemerel 
streams l-0 to 12 miles from the outcrops. The older 
ba.sm deposits also. oontnin pebbles of this limestone. 
West of the Franklin Mountains the basin deposits a.re 

Rfo G,ande Joint Investigation 

mostly conglomerates of limestone pebbles, derfred in 
part, however, from the early Paleozoic limestones. ,,. 
the west flank of the Sangre de Cristo Mountains 
basin deposits contain very few limestone pebbl01e1, 
although th.ere a.re large outcrop areas of the Magdalene. 
wi~hln the range. 

Perm.Ian Rocks 

The Permian rocks consist of tht> Aho sandstonP. end 
the complex assemblage called the Chu pod.era formn tion. 

The Abo sandstone has a thickness of 600 to 1,000 
feet and is a slabby sandstone of strong brown.red color. 
It is generally resistant to erosion and furnishes charac
teristic pebbles that occur in the basin deposits of all 
ages. Its &.reSB of outcrop a.re generally small, however, 
and it is relatively unimportant in the formation of the 
present ranges. 

The Chupndera formation varies in character from 
place to place. Within the Rio Gra.nde drainage o.rea 
it contains red sandstone and shale, with gypsum beds 
at the base a.nd limestone with subordinate red shrue 
and gypsum in its upper pa.rt. To the north and west 
the gypsum disappears from the lower member a.nd the 
limestone from the upper, so that the formation is 
largely red and gray sandstone and red shale. In the 
northern part of the area the thickness is genera.lly less 
tha.n 500 feet, whereas to the south and particularly 
the southeast thicknesses of 2,000 to 5,000 feet t. 

known.8 Both the limestone and the red beds of this 
format.ion cover large areas and in many places form 
high escarpments and plateaus. The limestones are 
grayer 'ind more :,>0rous ~han those of ·,he Y1airdnJena 
group, ..i.rid :hereiore · ~he peo bles ana ini.gn1enis d.eri~eci . 
from them are easily recognized. Such fragments ere 
plentiful in the Santa Fe formation east of Socorro and 
in ma.ny recent stream deposits. Red sandstone also 
ooeurs as pebbles west of the Joyita Hills and eJso west 
of Rosario siding, in the Santo Domingo Valley. The 
red beds ordinarily disintegrate on weathering into snnd 
and clay having a persistent red color. The flood waters 
of many streams are colored red by the eroi:;iou of these 
beds and by somewhat similar red coloring matt.er from 
the Trinssic and Jurassic rocks. Rio Colom.do, a trihu
ta.ry of the Rio San Jos~, the Chama River, the upper 
Rio Galisteo, and many smaller and Jess well-known 
streams carry red mud in floods. To what extent tbf' 
persistent .red or pinkish color of the Pliocene deposits 
is due to redeposition of this red coloring matter remains 
in doubt, but the Santa Fe formation east of Socorro, 
with its le..rge oonten.t' of Permian limestone fragments, 
doubtless owes its deep-red color to the transfer of fine 
mud from the red beds of the Chupadera formation. 

• Dllrtol:I, N. H. "Red Beds" ud 1181511dAt.ed lnmmUnrus !n New Mulm, .,.111, 
outline or the ~ or t.be Btata: u. s. Otal. surve, :e1111. 'l'liK, pp. 21-:.111, 1m. 
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Ground Water Re&O'IU'CeB 

'frfau!c Rocks 

Within the Rio Grande dnunage area the Triassic 
•stem is :represented mostly by red sandy shale of the 

;hlnle formationt which has a deep-red color and a 
thickness of 200 to 800 feet. In the Nacimiento uplift 
11.nd the Chama Basin the Chinle is underlain by a 
massive gray to white pebbly sandstone called the 
Poloo sandstone. 

Jmusk Rocks 

According to tl1e most recently published work,9 

the Jurassic rocks in New Mexico mny be divided into 
the Wmgate sandstone and the Morrison formation. 
The Wingate sandstone lies above the Chinle formation 
and its equivalents and is referable to the Juru.sic 
only \\ith some doubt. The Morrison formation of 
these writers includes the Todilto limestone of previous 
writers and also the sandstone previously called the 
N a.vajo sandstone. 

The Wingate sandstone is a reddish buff to white 
massive sandstone diminishing from a thickness of 
a.bout 300 feet at Thoreau to about 80 feet ea.st of the 
Rio Grande. This sandstone, together with the gyp
sum of the overlying Todilto limestone member, usually 
forms a scarp that mny be subordinate to higher cliffs, 
as in the scarp north of the Chama River. 

The basal member of the Morrison formation in New 
"{exico is the Todilto limestone member, which con-

.ts of 50 to I 00 feet of gypsum and a thin bed of 
.aresh-wa.ter limestone. West of longitude 107° it is 
overlain by a massive sandstone, which, like the Win
gate, is reddish buff to white and which has been called 
Navajo sandstone in previous re~orts. Overlying this 
~cistone, vb~re Dresenr.1 100 ~xtenru.ng· o'Ver · :.he 
northern half of th; State, is a series of soft white to 
brown' sandstones, and green, red, and purple shales. 
The thickness of this upper pa.rt of the Morrison 
ranges from 150 to 900 feet. This sandstone and shale 
series of the Morrison is resistant to erosion only where 
protected by the overlying Dakota sandstone. Gen
erally the soft unctuous clays weather to slippery mud 
that induces I11.11dsliding and rnpid erosion. 

The Wingate sandstone and the sandstones in the 
Morrison formation generally weather to sand rather 
than sandstone blocks. The shales of the Morrison 
yield clay and some sa.nd. The gypsum of the Todilto 
limestone member increases the qua.nt.ity of sulphate 
in the streams. 

CreC&ceou ud Earb Tertiary Rocks 

Lower Creta.coous rocks are somewhat ra.re in New 
Mexico, and generally the Upper Cretaceous directly 
overlies the Morrison or older rocks. The Upper 

lus, A. A., Dano, c. n., and Reeslde, 1. D., 1r., Co1Te1a,1on ot t.he Jm'lllllllc 
atlom otperteof Utab,Arwma, NW Muloo, ud Cillondo: U, B. Oeo1. SD?Y9:, 

,I. !'al]« !Sil, pp, 30-31, 19:IG. 
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Cretaceous varies in thickness and characteristically 
consist.a of buff' sandstones and dark shales; Withi~ 
the Rio Grande drainage area it includes, in upward 
mccession, the Dakota sandstone, about 80 to 100 feet 
thick; the Ms.ncos shale, a dark shale, about 900 to 
2,000 feet thick; the Mesn.verde formation, consisting 
of massive buff sandstones, shale, and coal and ranging 
in total thickness from about 500 to 2,500 feet; the 
Lewis shale, a dark-gray shale, about 80 to 2,000 feet 
thick; the Pictured Cliffs sandstone, about 50 to 300 
feet thick; the Fruitland and Kirtland formotions, a 
heterogeneous sequence of sandstone, coal, and white, 
gray, and drab shales, ranging in totn] thickness from 
about 700 to 1,600 feet; and the buff Ojo Alamo snnd
stone, about 125 to 400 feet. thick, which may be of 
Tertiary age. Above the Cretaceous rocks are t11c 
early Eocene, Puerco and Torrejon formotions, con
sisting largely of gray and dark shale and soft sand
stone, reaching a. thickness of a.bout 800 feet on the 
west side of the ·Sierra Nacimiento. The Galisteo · 
S&ndstone1 probably of Eocene age, crops out near 
Cerrillos and also on the east and southeast border 
of the Santo Domingo Valley. It consists of poorly 
cemented sandstone and conglomerate with red and 
green clay and ranges from about 1,300 to 3,800 feet 
in thickness. The Wasatch formation, which crops 
out largely in the Sierra Nacimiento, includes a basnl 
sandstone, 100 feet or more thick, and sandy she.Jes of 
variegated color ranging from red and purple to yellow, 
which reach several hundred feet in thickness. 

All the Cretaceous and Eocene beds described in the 
preceding paragraphs consist of sandstones and shales 
-rith 1n 3.ggregate 'ihickn~ss -:-l}a_ching.16.000 :eet. 'J..1:1t 
by .ea.son of ~ocs.l erosion and aonrieposition oi beas, 
the ordinary thickness of the whole sequence is nearer 
5,000 feet. The common character of the Cretaceous 
and early Tertiary beds is reflected in their weathering 
a.nd topography. Generally the sandstones form es
carpments, mesas, e.nd cuesta.s, and the shales form 
badlands or broad smooth plains. Some of the sond
stones are so thin or so friahle as to have nmrh the 
same topographic expression 88 the shales. GPnP.rully 
the Dakota, the Pictured Cliffs, the Mesaverde, the 
Ojo Alamo, and the basal sandstones of the Wasatch 
form conspicuous cliffs. The variations in the thirk
ness of these beds and the sporadic lenses of a. similur 
sandstone that occur in otherwise predominantly shale 

· members afford the chief variations in the topography. 
The shales weather to gummy clays that are impor

tant hazards to travel in wet weather. The sand
stones weather to fine-grained sand. Consequently the 
streams of areas underlain by these rooks have a large 
load of fine material and a minimum of gravel. Surh 
gravel u exists consists of iron and lime concretions 
and pebbles of quartz, qua.rtzite, and chert derived 
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from the oonglomeratic phases of the sandstones, 
together with thin plates of the more thoroughly 
cemented sandstone layers. Fine-grained alluvium, 
mostly sand but oontw.nin.g much colloidal clay, has 
accumulated in broad velley flats which are now 
deeply cut by a.rroyos. Here originate the heavy loads 
of detritus carried by the Rio Galisteo, Rio Puerco, 
and Rio Salado, which are the principal silt-bearing 
tributaries of the Rio Grande. Only the large area of 
outcrop on the Chama River is not subject to excessive 
erosion. Here, because of the high altitude, the climate 
is more humid and vegetation more luxuriant. Here 
also many surfaces are covered by a veneer of quartzite 
and porphyry pebbles of Quaternary age, which, with 
the help of relatively late lava flows, form an effective 
barrier to excessive erosion. 

first Uplift of the Mouwn Ranges 

Throughout the long Paleozoic era New Mexico was 
• largely a low-lying country, for much of the time partly 

<'overed by the sea. During the Triassic and Jurassic 
periods the region was mostly dry land but was rela
tively low. The great thicknesses of Cretaceous and 
early Tertiary rocks were la.id down in seas or on low
lying and at times swampy plains. Strong deformation 
did not occur in this area until after the Wasatch 
formation, of Eocene age, had been deposited, when, 
as shown by Renick, 10 the SieJTa Nacimiento was 
upthrust. 

The uplift that initiated the present topography of 
the region and determined its character as a moun
tainous plateau was foreshadowed by volcanic acth;ty 
:n '.ate• Crer.acwus :ime 1r:ci <)y similar 1cti,i:;:y isso
ciatea with loc.alized uplift at the end of early Tertiary 
time. However, volcanic activity and uplift on a 
large scale began in mid-Tertiary (Miocene) time. 
Differential uplift a:nd erosion of the mountains and 
sedimentation in the basins began with this great 
outburst of volcanism and has continued intennittently 
to the present day. 

Tertiary Period of Volcuism 

The Tertiary rocks are now localized in their out
crops by reason of later deformation and erosion. 
The known centers from which the floods of lava came 
are relatively few in number, but it seems likely that 
the lavas from different centers coelesced and that 
almost certainly the water-laid d~bris derived from 
the main areas of aeeumulation mingled in basins of 
deposition between the volcanic centers. The mere 
absence of volcanic rocks cannot be considered evidence 
that they were not at one time present. 

The volcanic centers important in a knowledge of the 

11 RmiJcll:, B. C., OIG!Off ud IP'OWld·W&tllr ~ ofll'IIAll"D Sandoval Cow:ity, 
N. Ma.: U.S. Oeal. Bum,y Watar&pl>Q' h!l'llr 112>, pp. N-35. IGl31. 
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Rio Grande depression are the --&m__!ua.n Mountains 
of Colorado, the Sierra de los Valles, the Datil-MogoT1 
area, the Organ Mountain area, and the Cer 
Hills area. 

The San Juan Mountain region, in southwestern 
Colorado, is about 100 miles in diameter. Here, as 
described by Cross and Larsen, 11 the aggregate thickness 
of the several groups of lavas and tuft's is more than 
33,000 feet, but usually not much more than 5,000 feet 
is present at any one place. The flows consist of 
rhyolite, latite, and andesitc. Be.snlt was extruded 
largely toward the end of the epoch of volcanism, in the 
flows of Pliocene and later date. These later flows, 
known as the Hinsdale formation, approximately cor
respond in time and in type to the flows in the Santa 
Fe formation and are discussed 'With that formation. 

The Sierra de los Valles area, in the eastern part of 
the Jemez Mountains, is similar in many respects to 
the San Juan region except for size. It includes a great 
thickness of older volcanic rocks, which have been 
much faulted and deformed. These rocks, largely 
andesite and rhyolite, are of pre-Pliocene age and appear 
to have been erupted more or less contemporaneously 
with the bulk of the San Juan lavas. Volcanism was 
interrupted by faulting and erosion, and the mountain 
was much reduced in size, so that the sedimentary 
deposits of Pliocene time overlapped the region. How
ever, eruptions of rhyolitic as well as basaltic 
continued, and a thick tuft' member of the Sant. 
format.ion was formed during the Pliocene. Many of 
the thin tuft' beds of the Santa Fe formation doubtless 
had their origin in this volcanic center. Volcanic 
:-ocl{s )CC'-lr :n she .. u~a '-:,pt-;,:>!'!::;. ·.hc-::c :we -:~pters :n 
detached masses. These are the 3an Luis Hills, .ireas 
in foothills of the Sangre de Cristo Range from Trinchera 
Creek south to Hondo Creek, hills rising in the 'basalt 
plateau such o.s Cerro Chifio and Cerro No Agua; and 
other detached areas. These rocks have been little 
studied, and whether they represent extensions of the 
San Juan flows or were extruded from separate vents 
of about the same age is uncertain. 

The Datil-Mogollon area is very large. Great masses 
of lava. and tuft' 21000 to 4,000 feet thick form the 
mountains and plateaus from the border of the Rio 
Grande depression, 20 miles west of Socorro, westward 
into Arizona, and from the Datil Range southward to 
Silver City. This great region, 60 miles from north 
to south and more than 150 miles from east to west, bas 
been little studied. 

The igneous rock of the Cerrillos Hills and the similar 
bodies in the Ortiz, 12 San Pedro, and South Mountains 

11 Croil:I, Wbftman, and :Lanan, E. S., A bm!rwvle11r or tile poloin' of the San 1 uau 
n,e:!o11 of IIOllthwestem Colorado: U. B. Oeol. Blll'Vey Bull. 843, 138 pp., 2 f!p., I~ "ls. 
(lndudlng 2 mapa In pocket), ltll3.!l. 

11 Osllvle, I. B., Some lrneous rocks from ibe Onl& Mouutalm, N. Mei 
Oeoloff, vol. JO, pp. -.m, 1908. 
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are intrusive rocks of stocklike and laccolithlc form, 
- ·1-i.ough dikes and sills of the same types also occur. 

3e rocks were intruded into Upper Cretaceous rocks 
-,d hence are given an Eocene date. North of the 
State highway in the La. Baje.da escarpment, in the 
gulches leading to Santa Fe Creek northwest of La 
Bonanza. and elsewhere occur a.ndesite (?) fl.ow breccias, 
mud flows, and tuff'aeoous water-laid conglomerates 
with interbedded rhyolite and basalt flows. 

Initial Bums 
The end of the great volcanic period merged into the 

begi.n.niDg of the series of movements by which the Rio 
Grande depression was formed, and with the existing 
meager evidence it is impossible to give the complete 
sequence of events. It appears, however; that initial 
basins were formed, into which streams carried gravel 
and sand derived from the erosion of the previously 
extruded lavas and into which tuft's from the still
lingering volcanoes were blown or washed by the 
streams, and that these deposits were deeply eroded 
and in places faulted before the succeeding Santa Fe 
formation was deposited. The evidence for these con
clusions is somewhat fragmentary, and it is impossible 
to form a clear picture of the size, shape, or position of 
these initial basins. 

Sota Fe Formation and the 
a .1.1oeene Rio Grude 

The outstanding characteristic of the Rio Grande 
is that it flows through broad but not wholly smooth 
'!)lains between mo11ntains. These plains are 1mderlnin_ 

. · )J sreat ~icknesses 01 ~argeq uncon.sol.iciar.ed .,and ;ma 
gravel, which are here referred to as the basin deposits. 
In many localities the existence of these deposits is 
known very imperfectly .from deep wells, but in other 
places gulches as much as 1,000 feet deep, that have 
been cut by the Rio Grande and by its tributaries; 
expose these beds and afford opportunities for study. 

For a distance of 40 miles north of the city of Santa 
Fe the tributaries of the Rio Grande have cut deep 
gulches in which the deformed beds oft.he basin deposits 
are admirably exposed. To this material Hayden 13 

in 1869 applied the name Santa. Fe marl, and from it 
Cope 14 obtained vertebrate fossils representing a _large 
fauna which he considered. of middle Miocene age. 
Since that time the beds have become generally known 
as the Santa Fe formation7 and there has been much 

u Ha,dm, l, V., ~ &aid n]lClllt of the Uulted Stata Gllilllcp:,a.1 Survey 
of Oolonido IUld Nn Mmoo, lMpp., llllalil. 

u Cope, E. D., Nola OD tb9 :s- 1.11d Pl.loolen& ~ rormeuom of New 
Mmco. ate.: u. s. G1N11. ILlld 0eoc. eu...,.. w. 1~ MIii'. Aim. Dept. pp. 11Hm, 
·-•: Notu on the l!luta J'e 111m1a IIDd - or the eot1taluad '11rtemte fcllaill: 

lalpllla ACllld. Bet. Proc. for JIM, pp. 147-16', 1874; On &lie p&elope Iha' of &be 
Fe IQl'ls: Jdem. for 1ffl, p. 2117, 15711; A l:MJW MuiodOD (M, ~ Cope, 

,. P'• IIWla): Am. N1itmalllt, vol. 9, p. 58, 1.87&; OD tba d!Rribtat.!OD ortbe Loup 
J'lll.'11: ~ m New Hmco: Am. :Phlloe. Soc. Proc., •ol. 21, pp. D-3:lt, 11!8i. 
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discussion of the age of the vertebrate fauna. The 
extensiye collections and elaborate studies of Frick 15 

indicnte t.hnt the fauna is of lower Pliocene age. Un
fortunately, it is not known whether the fauna occurs 
at the base or at the top of the formation nor whether 
the full thickness occurs in the Santa Fe region. In 
considering other basins whose deposits seem otherwise 
comparable v.ith deposits of the type locality, correla
tion is hampered by the scarcity of fossils and by the di
verse physical characters of tlie beds. The existing fossil 
evidence for the region is not presented in this pAper. 

The meager finds of fossils indicate that basin 
deposits of Pliocene age are widely distributed. The 
turther reference of the be.sin deposits to a single 
period of deposition contemporaneous with the beds 
of the type locality near Santa Fe rests on four general 
criteria: (1) All the beds are slightly cemented, e.nd the 
finer.grained members have concretions of calcium 
carbonate; (2) n.11 the deposits are deformed, mostly by 
normal ftults, although in the centers of the basins 
the defornHition is so slight as to pass unnoticed except 
under intensive search; (3) the beds with.in any one 
basin a.re of diverse Hthologic types, ranging from 
coarse fe.nglomerate to fine silt and c1ay, and abrupt 
changes in the kind and sizes o! the contained pebbles 
a.re characteristic; e.nd (4) these markedly different 
materials attributed t-0 one formation conform in their 
arrangement to a geographic pattern con&istent with 
the laws of deposition in basins. The main body of 
sedimentary deposits of the Rio Grande depression, 
from the north end of th1:1 San Luis Ve.Jley to and beyond 
El Paso, is considered to be of the same genera.I age 

. ind. ~-0 -Je1ong ',0 ~he Santa ? e :ormucion . 
'.I'he basins oi Santa Fe time were presumably de

pressed rela.tive to the contiguous highlands by faulting, 
which seems to have been the dominant geologic process 
in the area. In places the basins once extended far 
beyond the present limits of the formation, and the 
bordering highlands may have been much reduced. 
Whatever the method of deformation, it is probable 
that, during the period of filling, the basins were 
enlarged by erosion of the highlands, and deposition 
occurred in these border areas. In general, the ha.sins 
appear to have been elongated into ovals and to be 
divisible into two mnjor types-basins with a through
flowing river and basins with enclosed drainage. 

A basin with a through-fl.owing river has deposits of 
a. threefold division-the two sets of fan deposits and 
the axial zone of the river deposits. Each set of fan 
deposits grades in size toward the axis of the basin but 
may otherwise be quite dissimilar to the other set in 
its several parts. The river-laid beds, consisting of 

u .Frtck, Clllldll, Nc:w =ams of tdlopbodont-t.etrabelodout ma.stodo=: Am. M,.,.. 
Nai. History Bull. vol. Ml, pp.~0 86.L1p.,2pll., 11133. Matthew, W .D., Fauna 
llltll of I.be Tertl&r7 Mammalia or the West: U. S. Geo!. Survey Bull. 361, pp. 11a, 
u.a. 1uw. 
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clumneI gravel and of sand, silt, and clay deposited on 
.. \e fiood plain, comprise these elements in proportions 

.t are determined by the rate of deposition and the 
~c.e of depression of the basin. In ·general, as these 

rates increase flood-plain deposits will exceed channel 
gravel in qua.ntity; as the rates decrease channel gravel 
may be the only type of material deposited. Wind
blown sand is also likely to occur in association "ith the 
flood-plain deposits or may be coneentmted in a zone nt 
the ]ower border of the set of fan deposits on the side 
of the basin away from the prevailing wind direction. 

An enclosed basin has a central or a.xi.al lake or playn.; 
the existence of which depends in part on the size of 
the drainage area, the altitude of the adjn<'ent high
lands, and the climate. Such a basin has fan deposits 
and anal lab or plays. deposits. The deposits of salt 
lakes and playas a.re similar in character, and criteria 
for distinguish.in.g them from ea.ch other a.re not com
pletely worked 01.1-t. A change from salt lake. to playa 
and back again may occur in any basin by reason of 
fluctuations in climate. In playu silty and sandy 
clays are deposited in which the evaporating water 
leaves im.pregna.tions and films of gypsum and more 
soluble salts. These salts may remain as impregna
tions or may be gathered into scattered crystals or 
may be more or less completely rearranged in plates 
'Tl the bedding planes or cracks of the clays. However, 

e lakes may deposit true clay &nd fresh-water 
"'5tone, or marl, in their centn.u parts, and they a.re 

likely to be marked by shore features. On enpora
tion, they deposit bedded gypsum and beds of the more 
soluble salts, such as sodium sulphate and sodium car
bonate. With Jood ~:q>osures :i. iecision ~au ·Jsually J-e 
JJrfuc as w .vhether laKes or piayas existed in a locality. 

The Santa.Fe formation was deposited in both drained 
and undrained basins. Its outstanding characteristic 
is that, in several more or .less sepa.rate stmct.ural basins 
the gravel of a through-flowing stream lies near the 
&.'ilB of the be.sins. These gravel de.posits o.re so thor
oughly water-worn and well-shaped and are so cleanly 
wa.shed as to indicate that they are the deposits of a 
perennial river that W8.S larger than the p~nt Rio 
Gru.ndf.. This river ran from north to south, from 
basin to ha.sin, much like the present river. On its 
course the several basins were strung like beads on a 
cord (fig. 46). 

The most northerly known outcrops of the .river 
gravel in the Santa F~ formation are at the north en,d of 
White Rock Canyon. Here they a.re . interbedded 

· with pinkish f a.n deposits t.hat a.re of coarser grain at 
each outcrop toward the east and merge into the a.rko
aic fan deposits of the type area of the Santa Fe forma
f:-..,. Flows of andesite-basalt, which become more 

,rouR to the south, are also interbedded. The 
..iles of the river gravel range from an inch to more 
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thBD 6 inches in major die.meter -and-..are composed 
largely of quartzite a.nd muaive volcanic rocks. The 
obvious source for quartzite is in the pre-Cwnb.rian 
that crops out over la.rge area.s to the north. The 
source for the volcanic pebbles is obviously the &n 
Juan volcanic area, also t.o the north. . 

Similar gravel occurs 20 miles farther south, at the 
south end of White Rock Canyon. Here the river 
gravel is interbedded with· the andesite-basa1t flows 
and also with the tuff member of the Santo. Fe forma
tion. From White Rock Canyon the gravels can be 
followed throughout the Santo Domingo Valley into 
the Albuquerque and Belen Valleys, where the most 
southerly outcrops 18 are on the east side of the valley 
in the gulch leading down from Abo Canyon and also . 
near Contreras. In the more southerly outcrops the 
largest pebbles are about 3 inches in major diameter 
and there is, therefore, a slight southerly decrease in size. 
· The work of Smith 17 shows that not only at the 

head of white Roclt Canyon but elsewhere to the north 
and west in the Abiquiu quadrangle, the fan deposits 
of the Santa Fe formation become finer from the base 
of the Sangre de C.rist.o Range to the west and south. 
They also contain much wind-blown sand, as if the 
border of a river fiat were being approached. Be.s11lt 
flows are interbedded. In Santa Clara Canyon and 
also near Cerro Pedernal the finer-grained sediments 
a.nd the basalt flows are cut off and let down to the 
east and north by the faults that bound the present 
basin. It is obvious that the formation once continued 
f arth.er west and south in what is now the elevated 
Sierra de los Valles mountain region. On the assump
~ion tha;: -:he :iver ;-an ;:m.-r,he far 3irie ,:,f t,.he conf.empor
a.noous lava .flows, it should have had a coUJ"Se like that 
shown in figure 46. That on this course the Pliocene 
river occupied the position of what is now Chlcoma 
Peak, altitud·e 11,507 feet, and Cerro Pedernal, altitude 
9,867 feet, is a. testimony to the amount of post-Santa 
Fe uplift and erosion. The course of the Pliocene 
River farther north is uncertnin. 

To the south of the Behm Ilasin and sperifico.Hy of 
Aho Canyon the course of this ancient river is almost 
wholly conjectural. Observations by the writer s.nd 
later work by C. S. Denny make it evident that the 
Pliocene Rio Grande could not have- flowed through 
the Socorro n.rea. It must have flowed t.o the east of 
t.b.is enclosed basin &Dd may have had its course' over 
the present Sierra de los Pinos int.o the Jomada d.eJ 
Muerto, which was in Pliocene time, 8.S at present, a 
depressed area. 

The course of the river still farther south is Wlknown. 
Much of the materieJ attributed to the Santa Fe form.a-

H Dm!D1, C. S., pancmat omnm1111fcallon. 
IF Smith, B. T. U,, The 1'9rtlllrl!' ~ Quat«nwy geology of th• Abiqulu quad• 
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tion is coarse-grained and probably belongs to a group 
of fan deposits. Fine-grained material, such as might 
have been deposited on a river flood plain, occurs near 
Las Cruces, beneath La Mesa, and also near El Paso. 

Volcanic Rocks lnterbedded with 
Sedimentary Strata of the Santa Fe Formation 

Volcanism continued during Santa Fe time but was 
generally less intense and somewhat difl'erent in type 
from that of the preceding great period of Tertiary 
volcanism. Outpourings of be.salt and andesite-basslt 
were common, but in the Sierra de los Valles and 
perhaps in other localities eruptions of rhyolite occurred. 

Andesite-basa]t was poured out in large quantities 
in the San Juan Mountains. Cross and Larsen u 
.have mapped these lavas as part of their Hinsdale 
formation. There were numerous local vents, at some 
of which great thicknesses of basalt were piled up as 
at Los Mogotes, on the Conejos River, a vQJcanic pile 
nearly 1,000 feet high. Generally these basalts are 
200 to 500 feet thick. Near the western border of the 
San Luis Valley the basalt overlies gravel and sand 
(the Los Pinos member of the Hinsdale formation) and 
dips gent.ly under the floor of the valley, where it has 
been found in wells. Near La Jara the andesite,.basalt 
lies 250 to 300 feet below the floor of the ~alley. At 
Antonito a.nd for many miles to the south the andesite
basalt is at the surface and forms the western edge of 
the great lava plateau. South and east of the San 
Luis Hills the interbedded basalts crop out in San Pedro 
Mesa and its northerly extension, where they have 
thicknesses of 50 to 200 feet. The lavas a.re much 
foformer: oy :':rnlting rnd Tanin!.:;. :n ·Jie ?,m, ]ar
land area they are o~·erlain by· gria t thicknesses of de
formed fan deposits. On the west side of San Pedro 
Mesa they are carried down below the surface and have 
been found in wells in the plains between the mesa and 
the canyon of the Rio Grande. According to the un
published work of Upson, the Hinsdale basalt and asso
ciated beds are younger than the true Santa Fe. 

Lavas interhedded with the sediments of the Santa 
Fe formation occur in the Abiquiu reentrant. In 
Santa Cle.rs Canyon Smith 19 has measUl'ed 166 feet of 
basalt in a section of Santa Fe beds 612 feet thick. 
Other basalt flows occur strati.graphically both higher 
and Jower. Between Santa Clara and Bear Creeks 
there are 500 feet of interbedded basalt flows. Inter
bedded flows also occur in Cerro Pedemal and nearby. 

The Cerros del Rio is probably the area of most 
intense eruption in Santa Fe time. Here more than 
1,200 feet of Java and cinders, mostly andesite-basalt, 

11 c:aas, Wbltman, l.lld Larsen, E. s., A briet re.,.inr of the polou or I.be &.n 
Jwm M onntaln :egion of 80Utbwestern Colorado: U. 8. Geo.I. SurveJ Bull. UJ, 
pp. IH-lOO, lll:lll. 

11 Sm.ltli, B. T. lJ ., op. ell., pp. OIH.';, 
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w!re pil~ up .. This great thickness is exposed about 
m.1dway m '-"rute Rock Canyon1 opposite the mou' 
Rito de los Frijoles. To the north the basalt is i 
bedded with fan deposits and river gravel. The most 
northerly tongues of lava extend past Buckman. To 
the south the basalt is also interbedded in the Sant 
Fe formation. At the lower end of White Roe: 
Canyon there are only four .flows, with a total thick
ness of about 200 feet. Farther south, on the.,Jower 
course of Santa Fe Creek, about 200 feet of basalt 
including a small cinder cone, forms the walls of ; 
small canyon, and gravel and sand a.re exposed aboT"e 
and below it. The dip is about 5° east, and one flow 
forms a cuestn ridge for several miles south. 

The next area of interbedded flows is in Santa Ana 
Mesa, which lies west of San Felipe. This complex 
plateau consists of the stripped surf aces of the inter. 
bedded and deformed basalt of Santa Fe age and two 
flows that a.re younger than the Santa Fe. The most 
easterly outcrops occur in a ridge, east of San Felipe, 
where two basalt :Bows, interbedded with fan deposits 
and river gravel, dip about 10° enst. To the west of 
the river the flows extend westward for 10 miles. The 
thickness of basalt exceeds 200 feet in places. The 
so-called Bernalillo Volcano lies just south of this area. 
According to Renick,20 this irregular butte consists of a 
maze of dikes intruded into about 300 feet of f 
conglomerate, grit and sand containing a consider 
amount of basalt fragments, many of which are scor.
ceous and glassy. The sediments are much deformed 
by the intrusion of the dikes. 

Acuma Hill, immediateJy west of Isleta, is formed of 
?ear!y 'Jo.r..zontal :rnsalt flows. :J the ~us;.1r.c •. :10r:h 
Lhere is oniy one now exposed. lt ciips gently eastward 
and overlies deformed beds consisting largely of water
Ja.id basaltic cinders. To the north the deformed 
beds contain Jess basaltic debris, but beyond a short 
interval they a.re again overlain by a basalt sheet which 
forms the mesa 3 miles north of Isleta. To the east, 
toward Islets, there are outcrops of basaltic cinders 
a.nd cindery be.salt. At least 50 feet is exposed, but 
if, as seems likely, the clip is to the south the total 
thickness concealed under the drifted ~d of this 
locality may be much greater. The pueblo of Islet.a 
is built on an outcrop of basalt, which, with the asso
ciated terrace gravel, forms a flat-topped hill about 20 
feet above the :flood plain of the river. Obvioualv this 
hill once had a river flat on the west side and hen~e was 
the "isla.nd0 from which the name Islet.a is derived. The 
basalt of the "island" is a much weathered gray rock. 
It is similar to the basalts in Acums. Hill and seems 
unquestionably to be the remnant of a :flow interbedded 
in the Santa Fe formation. About 3 miles west 

• Renick, B., OeoiOff and CfllllDd.wuer resources or western BIL1ldo,...al Col.I 
N. Mu:.: U.S. Oeol. Sm-,re~ W11ter-SoppJy Paper6ll0, pp.15&-117, lllill, 
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.Acuma Hill there is a fow dome of basalt that rises 
~bove the level of the Llano de .Albuquerque. It also 

probably formed of lava of Sante Fe age, as it differs 
.1 topographic aspect from the Quaternary flows that 

lie south of it. 
West of Los Lunas, 6 miles south of Islets., ha.salt 

interbedded in the Santa Fe formation forms a high 
flat-topped butte. On the northwest flank fan deposits 
containing beds of basaltic debris and a conglomerate 
of rhyolite-pumice pebbles dip gently to the north 
and a.re overlain by about 50 feet of basalt. On the 
southwest flank fan deposits with two interbedded 
basalt sheets dip about 10° northwest. In the east 
flank of the butte there is about 200 feet of basalt in 
several .flows. This block appears to be in fault contact 
with the western pa.rt of the butte. 

Los Cerros are e. group of ragged hills in the valley of 
Rio Puerco extending from 1 to 3 miles south of the 
railroad crossing near the mouth of the stream. Several 
flows of basalt are interbedded in fan deposits. Fault
ing has tilted the beds at angles of 10° to 20°, and there 
are many landslides. The probable thickness a.nd 
aource of this interbedded basalt are not known. 

At San .Acacia a sheet of andesite forms the gap 
through which the river runs. Its gentle eastward dip 
is in accord with the local dip of the Santa Fe format.ion, 
and there seems to be little question that it is contem-

,raneous with the local fan deposits of Santa Fe age. 
In the Socorro quadrangle, north of N oga.l Canyon, at 

the base of the mountains, an andesite flow and a basalt 
flow are interbedded with playa deposits of Santa Fe age. 
South of the Socorro quadrangle volcanics interbedded 
in the Santa Fe formation have not been reoorted. 

-. ~ ilie ':ype· -~caiity Ji' :.he ·sama -Je ~oi=mati~n; ~o 
miles north of the city, near Pojaoque, beds of volcanic 
uh, l to 5 feet thick, occur in the reddish fan deposits. 
The materials are well sorted and probably fell from the 
air and were only in part reworked by streams. On the 
west side of Santo Domingo Va.Jley water-la.id rhyolite 
ash, contain.ing large fragments of rbyolite and obsidian 
and one sma.II rhyolite flow, attains a thickness of more 
than I ,000 feet. It overlies and is interbedded with 
fan deposits and is faulted with them. The contained 
fmgment.s e.nd boulders are larger in outcrops near the 
Sierra de los Va.Iles and the source of the material is 
obviously in that direction. Near the mouth of 
Cochiti Creek and north of it this body of tuft' thins and 
is interbedded with and deformed with river gravel and 
bault flows of Sa.um. Fe age. It records a period of 
volcanism in the Siena de los V a.lles during Pliocene 
time. In the Albuquerque-Belen Basin tufi' beds, 
conglo.rnerates of pumice pebbles, and fragments ol 

'nice in fine sands and silta are fa.irly common. 
.s content of volcanic material can be attributed in 

part to material eontrlbutf'd to streams by the volcanic 
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activity in the Sierra de los Valles. Part of the mate
rial, however, may have been derived from the erosion 
of still older tuff beds. Volcanic materia.J that perhaps 
has the sa.me origin occurs in Socorro Valley. 

Deformation of the Sula Fe Formation 

Because of the cover of later sand and gravel, the 
Santa Fe formation is concealed in so many places that 
the amount and character of its deformation may easily 
pass unnoticed. Mlllly of the early workers in the 
region failed to observe or else disregarded the deforma
tion. However, in those localities where the beds have 
been intensively studied deformation is evident and has 
become one of the principal criteria for distinguishing 
the formation from the Quaternary sand and gravel. 
In the centers of the luger basins the dips are low and 
range from I O to 5°, or the beds may be so nearly flat 
as to appear to be undeformed. Adjacent to the bor
ders of the basins the dips usually steepen and range 
from about 15° to 60°. 

Most of the existing mountains and highland areas 
were also .mountainous in Santa Fe time. They were 
reduced in Pliocene time and were rejuvenated to form 
the present ranges. Other mountains appear to have 
been new-born, as, for example, the Socorro-Lemitar 
uplift. So far as present information goes, all the 
rs.nges, with the exception of the Magdalena Moun
tains and the part of the Sangre de Cristo Range north 
of Sierra Blanca, owe their present position to the post
Santa Fe uplift. 

The pattern of the faults by which the basins under• 
lain by beds of the Santa Fe formation were carried 

. _down ~nd ... ~.he :righland bl,ocks '1pl.i:t"t_ed . :s not ~dm
pieteiy· :'.mown. 3o iar as these faults have been dis
covered or are inferred on reasonable grounds, they are 
shown on figures 47 to 49.* In areas that have been 
properly studied and where adequate exposures exist 
the faults a.re numerous. Some of the fault patterns 
a.re relatively simple en echelon systems; others are 
complex combinations of groups of faults having trends 
in three or more directions. The inferred faults are, for 
lack of detailed information, shown on the maps in 
simple pattern. There are also within the basin deposits 
many faults that have not been found or cannot be 
followed from the single outcrop in which they are 
expressed, because of the lack of distinctive horizons 
in the beds. 

In general there are two structural types-the more 
or less symmetric basin· and the asymmetric basin. 
Thus the .Albuquerqu&-Belen Ba.sin appears to have a 
fault system on both east and west sides. The Sa.nto 
Domingo and· Espaiiola Be.sins are &!so of this type, 
although the faulting on the west side of the Espaiiola 
Valley, in the Abiquiu reentrant, appears to have bet>n 

1111a ~ ~ ot U- 1ll1ll:eS ID pin buKI oo prel.lmhJary data, subject l.o 
~mdll1all. 
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Jess severe tho.n that directly opposite, to the &u1t1 a.t 
tlie b88e of the Sa.ngre de Cristo Mountains. 

'ther structural be.sins a.re markedly asymmetric 
. have o. fault system on one side nnd a depositional 

contact on the other. The structural basins east and 
west of the Sooorro-Leniitar Range are the best ex
amples. The San Luis Valley northwest of the &n 
Luis Hills is also of this asymmetric type, with deposi
tiono.l contacts on the west side a.nd strong depression 
to the east and southeast on faults now wholly con
cealed but easily inferred. In this valley the a.sym
metry of the post-Santa Fe faulting was preserved by 
the later Quatema.ry faulting. 

The foregoing discussion raises the question as to 
rotation of the mountain or highland blocks. How 
mlllly are true tilted fault blocks? To wbat extent has 
the Rio Grande depression been merely let down into 
the adjacent highln.nd area, which has itself sufiered 
little disturbance in the process? The plateau region 
west of the Albuquerque-Belen Basin has a folded 
structure of gentle a.robes and monoclines broken by 
faults related in pattern to these folds.11 These struc
turnl features appear not to have been disturbed or 
deformed by the post-Santa Fe faulting, nor is there 
any direct evidence of tilting toward the west. Along 
this border the Santo. Fe depression appeus to have 
been carried downward with respect to the plateau as n 

,le graben. Somewhat similar hut less clearly 
eased relations exist on tbe west side of the Abiquiu 

.reentrant. 
The Sandia-Manzano-Los Pinos uplift has long been 

considered a. typical fault block.n Each of these 
ranges is capped, more or less completely, by limestone 

. ,Ji· :.he :v.fa.gciaiena --_;roup, which iips ~twarci iway 
from the be.sin. The limestone is resistant to erosion 
and gives, particularly to the Sa.ndia· Mounta.ins:1 e 
decidedly asymmetric and youthful aspect. However, 
as the limestone was deformed both by folding and by 
faulting in pro-Santa Fe time, the dip of the rocks ma.y 
be more 1arge1y the result of this earlier deformation 
than of tilting of a post-Santa Fe block. So fo.r e.s the 
Manzano Mount.e.ins are concerned, the fa.ult boundary 
with the Santa Fe must lie about 5 miles west of the 
foot of the :rim.ge. Red sandstone and she.le of pre
sumed Permian age crop out at Hubbel Spring and at 
Los Ojuelos, localities in the plains west of the moun
tain front. The Permian beds can be traced eastward 
from Los Ojuelos to the foot of the mountains, where 
they lie m fault con.tact with pre-Cambriru:i rocks. 
Thus the range h&s a. front eroded in part from soft 

a HWlt, C. JI,, 1111d Da.ri1, C.H., ~map~~ lffl:ldlml of 
Cbe BalJ .JDD :&a.IP, U. 8. Geol, Bmff)', 11133.) 

• An abemmt eoDeeptlozi la t.111.t of Du1.oll, wbo OIDIOOV&I al' the Sll.lldla lllld ctb11r 
u be1n,; taalted IIDlJdlnell (D9rlm, N. H., "Bed Bed.s" illlld ~ tciirm.
Nn Ma:loo, Yitb 11.11 outline or I.be~ ol the S&.u.11: U, B, Oeol, 81!:rve;r 

"· p. 118, 19'Jtl.) 
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Mesozoic rocks, and its border with the Santa. Fe is 
inoonspicuoUB. 

The general linear cha.meter of the depression is 
broken by reentra.nts o.nd offsets. The San Luis Basin 
(see fig. 47) has a trend east of south as far south as 
Saguache Creek, where the western border retrea.ts to 
the west. South of So.gua.che Creek. the basin has a 
north-south trend. The en.stern border nlso changes to 
a north-south trend o.t Mosca Pass, beyond which this 
irregular-shaped basin is cut off by a northwestward
trending fault on the northern flank of the San Luis 
Hills. 

The area southeast of the San Luis Hills, convention
ally a pa.rt of the San Luis Valley, is marked bye. strong 
reentrant about 10 miles deep e.nd 40 miles long, the 
Fort Go.rlo.nd-Costilla reentrant. As shown by Upson 23 

this area is outlined to the east by a complicated set of 
faults and more or less shut off from the basin by the 
outcrop of ba.sa.lt in the Santa. Fe formation in San 
Pedro Mesa and its northern extensions. 

The great plateau that extends southward from the 
&n Luis Valley is presumably a representative of the 
basins. However, the western boundary is so masked 
by basalt that the structural relations a.re not clear and 
have not been adequately studied. A large number of 
hills of older rock project from the lava plain and 
doubtless represent portions of the bordering highlands. 
The hills of pre-Cambrian rock, such as Cerro Aire and 
Cerro Montosa., and hills of Tertiary volcanic rock, such 
as Cerro No Agua and Cerro Chi.flo, must represent an 
almost complete closure of the depression. 

The east.em border of the depression has a great re
entrant from Hondo Creek south bevond Taos. a dis
i:.a.nc~ of 15 miles. · '.:'hus in' :be vicirmy 0f' T~os :he 
mountain front is set back 10 miles to the east. The 
plains are mostly undissected and, o.s there are al.most 
no outcrops of the basin deposits, the assumption that 
this :reentrant originated by faulting is largely in
ferential. (See fig. 48.) 

In the next section to the south the ea.stern border 
extends westward in the great Picuris prong of crystal
line rook as far as the present canyon of the river. 
Against th.is prong the basin deposits a.re down-faulted 
in what appears to be a simple pattern to thenorthand 
a more complex one to the south. Directly south of this 
prong is the Picuris reentrant, more or less outlined on 
the north by faults. However, on the ea.stern border 
a.nd pa.rt of the southern border the Santa Fe has a 
depositional contact on the older rooks, but its disturbed 
condition within the reentrant gives assurance th.at this 
also is a strum.uni.J. depression. 

Almost dirootJy opposite the Pfouris prong l'.I.Dd re
entrant is the Abiquiu reentrant, a.bout 20 miles from 
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north to south and 20 miles from east to west. The 
1t systems of this area a.re obscured by overlying 

J, but Smit.h 14 has found a complicated pattern to 
..... "' north and south. On the south the faults appear to 
belong to an en kbelon system. Each fault has a more 
or less north-south or northwest-southeast trend, but 
the whole system provides for letting the Santa. Fe down 
on a more or less east-west ,line. On the northern 
border of the reentrant the fault pattern is more complex. 

Separating the subbasin west of Santa Fe from the 
Santo Domingo Valley is a prong of older rocks pro
jecting northwest from the Ortiz Mountains. The 
~os Hills, composed of andesite intrusions and 
other crystalline rocks, form the southern portion of 
this prong. The northern portion is blanketed by 
Quauimary basalt, so that there is no distinction on the 
surface between this prong and the basalts of Santa Fe 
age that form the Cerros del Rio. The west side jg 

msrked by a strong north-south fault which passes 
through Rosario siding. The east side is covered by 
Quaternary gravel, but doubtless detailed study will 
show the presence of faults. 

The Santo Domingo Valley lies in the area in which 
the 20-mile offset between the general axes of the basins 
to the north and those to the south is accomplished. 
.Apparently both the north and eouth boundaries of the 
~'~,ctural depression are marked by series of north-

1 faults arranged in more or less en echelon systems. 
_ _.JS and faults, largely unmapped, affect the basalt 
inuirbedded in the Santa. Fe that forms White Rock 
Canyon to the north of the valley. Later flows of 
rhyolite conceal most of the structure west of the river 
:n_ :~ ~cinity. :'~ere a:re deformed :a~a. 

0

:>eds.d '.:~nta,, 
Fe age .in part overlain by Qua.ternary oasait1 .in the 
oouth-oontral part of the area in Santa Ana Mesa. In 
the western part of the area near the northern border, 
east of Jemez, the Santa. Fe formation is much faulted 
and older rocks are exposed in places. Pa.rt of this 
complicated structure has been mapped by Reiche " 
and is shown on figure 49. 

The Albuquerque-Belen Basin thus off set with re
spect to the northern Espanola-Santa. Fe Basin has a 
general north-south trend. It is one of the largest and 
most symmetrical of the basins. The ea.stern boundary 
lies at the base of the Sandia-M8ll.Z8.Do-Los Pinos uplift. 
The plains are so little dissected and are so thoroughly 
covered with Quaternary alluvium that the faults are 
almost wholly inferred.. However, at the mouth of 
Tijeras Canyon eut of Albuquerque, at a point ju.st 
east of the Candelaria ranch, the brecciated fault face 
on the granite is ~ on the south side of the 
ca.nyon, and on the north side there is a small exposure 
, · · formed gravel. 

.b, B. T. tJ~ op.1111&. 
-~ Pmy, unpabl.lahed wark tor tbe u. 8. &ii 01111.WVat!cm Bmrl4111. 
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The northwestern border consist!r-of-~ echeJon 
faults, each increasing in throw to the south and offset 
to the west. 21 There are also several subsidiary parallel 
faults. To the south of the Cerro Colorado the boun
dary of the Santa Fe crosses the Rio Puerco in a south
westerly direction. Faults are probably present, but 
thls area is unmapped. From a point near the mouth 
of the Rio San Jose the fault has been mapped by 
Dart.on :1 as far south as .Arroyo Pato. Here there is 
an unmapped interval before :reaching the fault at the 
base of the Sierra Ladron. Denny 28 has shown that 
in the area east of the Sierra. ui.dron the Santa Fe is 
faulted against a pre-Santa Fe formation, which is in 
turn faulted against the older rocks on the line shown by 
Darton on the map above cited. The post-Sa.ntn Fe fault 
thus lies eomewhat farther east, as shown on figure 49. 

The general effect of these two fault systems on the 
east and on the west is to enclose a basin which has a 
general north-south trend. It is in the nature of a true 
graben or dropped block, 2.S to 35 miles wide and 80 
miles long. 

The Socorro Basin is structuxally diverse. From San 
Acacia. south for 15 miles it is a narrow asymmetric 
trough, with its deepest portion near the complicated 
fault system at the base of the Socorro-umitar uplift . 
On its ea.stem margin the Santa Fe thins to a wedge 
and rests unconformably on the older rocks of the low 
plateaus to the east. (See fig. 50.) 

Near San .Antonio this na.rrow trough widens. Great 
plains underlain by Santa Fe beds extend to the Magda
lena and San Mateo Ranges and also between them. 
To the east the basin merges with the Jornada. del 
1-luerto. •This ;mat iepression ~is ciou i:nless • ·mcieriain 
by the Santa. Fe f orma.tion1 but it is almost wholly 
covered by later Qua.ternary and recent deposits. 

South of San Marcial f a.ults are known along the west 
base of the Fra Cristobal Range and Sierra. Caballo. 
Faults are also reported north of Rio Percha, outlining 
a small graben between the foot of the Black Range and 
a group of outlying hills t.o the east. This graben has a 
north-south trend, but there is no information as to its 
shape m cross section. It lies parallel to the Jomada de! 
Muerto, which is presumably also a. down-faulted basin. 
St.ill farther south only two localities a.re known where 
the Santa Fe rests in fault contact with the older rooks. 
As Dunham 29 points out, there is little question that 
the basins are underlain by more or less deformed beds 
presumably of Santa Fe age. The surface of the basins, 
such as that of the Jornada del Muerto, are erosion sur
faoos CUt OD these beds. The faults by which the defor-

111 B?Jm. -Xlri:, ud MCC:-. F. T .. Tlle Ceja de! RID Pumlo, a bcllrdlr llli&bD1 of 
the n.1111 &lld BaZll8 prv'riDoe m New Mmoo {In l)l'lm). 

• De.rtcm, N. B., "Bad lieda'' 1111d ~ famlailom bi N- :Mmco, wiUI a.a 
oat11Dt olthe paloo of the S1ate: U.S. Qeol. 8-J' Bull. 7114. pl.-, ffl8. 

II Dali)', 0. S,. Wlp:i~ data, . 
II~ lt. 0., op. mt., pp. 374-181. 
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ma.tion was accomplished a.re concealed. Dunham as-
·•mes that a fault exists on the east side of the Organ 

1unta.ins1 and &yre,2° of the United States Geological 
..,urvey, has demonstrated a fault at the east base of the 
Franklin Mountains by geophysical means. 

DeYeJopment of Exmiug Topography 
Ortl1 S11rl'ace 

The Rio Grande depression is a structural depression 
. consi.eting of minor basins and reentra.nt.s and having a 

border of diverse types that merges to the south into a 
number of similar basins. The structural depression is 
only in part coincident with the present course of the 
river. 

Broad surfaces of erosion slope toward the present 
position of the river course in several localities. These 
eurfaces are capped by gravel characteristic of the exist
ing tributaries and in places are protected by basalt 
flows. They represent one or more long periods of 
erosion with stabilized grades. By projecting the gra
dient.s of the individual surfaces toward the Rio Grande 
it appears that they would reach the position of the river 
about 500 feet above it.s present channel throughout the 
Albuquerque-Belen Basin. 

Th.is surface, as thus projected from existing rem
wmts, represents a long period of erosion that followed 
'·q post-Santa Fe uplift of the mountains. From the 

ticularly well-displayed and long-stumed remnants 
...ound the Ortiz Mountains, it is called the Ortiz sur
face. During this period the Rio Grande was about 
500 feet above its present position at White Rock 
Canyon, and a.bout 450 feet above its present position 
ltthe :nouth )I ~he.'3..io.?·1erco. By the and 0i-:he :>e
riod a considerable part oi the material of the basins ;as 
carried awayj the basins, except some areas of inter
bedded lavu1 were wholly reduced to plains; parts of 
the bordering high.lands 'were beveled; and the original 
fault scarps were largely destroyed. The larger high
land masses retained most of their original altitude 
except for the stripping of the wedges of the Santa Fe 
formation that overlapped their borders. On the 
ff.anks of the larger me.sses &Dd within the smaller masses 
only th.e resistant rocks, such as quartzite, limestone, 
granite, and the Tertiary volcanics, stood out as residu
a.ls. The Mesozoic and early Tertiary semmentary 
~ks were much reduced. For example, the area of 
the upper Rio Puerco is a part of the bordering high
land of the Albuquerque-Belen Basin. Here practically 
all the Mesozoic rooks except the Poleo sandstone were 
reduced in Ortiz wne.•1 On the Ortiz surface the Rio 
Grande attained what is essentially its pnsent course, 
and with each succemive lowering of gradient, it has 

q,re, A. N ~ iDlonnaJ DOm.manica.tioll. 
ma, lark, and McClll:lll, JI', T., Blmll!ISSlve pediments and ~ lMlll' Cuba, 

• Jlrl:11!.l.: JUUi'. Geo.loo, Val.", pp, Hll-172, JDalS. 
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merely preserved this course or modified. it by minor 
adjustments to the position of ha.rd and soft rocks. 

In the area north of White Rock Canyon the Ortiz 
surf ace is not easily distingwshed from other and higher 
surfaces. South of the Albuquerque-Belen Basin, this 
surf ace has not been certainly identified. It may be 
coincident with the top of the Jorna.da del Muerto and 
La Mesa. These surfaces lie about 450 feet above the 
river near San Marcial and 350 to 370 feet above the 
river near El Paso. On the west side of the Jornada. 
del Muerto large areas of Cretaceous rocks are beveled 
at grades corresponding to this level. The present 
course of the Rio Grande west of the Jornada de] Muerto 
was undoubtedly established at this time. 

Post•Ortiz DdormatJon ud Deposition 

In general the Ortiz surface appears not to have been 
much deformed. However, Smith '2 believes that some 
deformation has occurred in the Chama Valley and that 
there has been progressive uplift in Quaternary ti.me. 
It may be that, as the correlation of the pediments and 
terraces is perfected, warping in different localities may 
be established. Some areas, particularly north of 
White Rock Canyon, may have been broa.d.l, uplifted. 

Uplift of the ranges in Quaternary time has been 
established in the San Luis Valley and a.t the west base 
of the Magdalena. Mountains. 

The portion o! the San Luis Valley north of the San 
Luis Hills has been depressed in post-San ta Fe time 
and may be subject to continuing movement. As 
Siebenthal 33 pointed out, a large number of artesian 
wells penetrate fine sa.nd and clay, which continue from 
';he s\lria.ce downward !or ,ever3l '.lunci.reci :eet .• "°!'·) :his 
material, which is obviously post-Santa Fe, he applied 
the name Alamosa formation. Near La Jara wells 
penetrate to basalt that is considered to be of Hinsdale 
age and therefore younger than the Santa Fe formation. 
Here the depth of the .Alamosa formation is between 
350 a.nd 400 feet. Elsewhere in the valley the depth 
is probably greater, but no sharp division from the 
underlying beds ea.n be made in the emting well logs. 

The .Alamosa formation is exposed in Hanson's 
Bluff, .where 41 feet of sand, fine gravel, and clay is 
overlam by 8 feet of more recent gravel and conglomer
ate. The beds contain large numbers of shells represent
ing animals that live in fresh water, belonging to four 
species that are usually attributed to the late Pliocene 
or early Pleistocene. 

Except for th.is exposure, the characteristics of the 
Alamosa formation must be inferred from the well logs. 
Those published by Siebenth.aJ indicate that the :material 
is fine-grained, but it seems probable that there is 
more gravel tha.n is inmcated by these logs. Siebenthal 

• Smllh, H. T. U,. op. llU, 
• Blell&llthal, 0. B., OP, lllt., pp. 4CH!, 
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believed that the beds were laid down in a lake, but 
.. <?&in.st such a thoory there can be cited several facts. 

grave] embankments or other shore features are 
.. own. A deep lake would provide no mechanism 

except the feeble activity ot wave-induced currents for 
the transportation of sand from west to ea.st, yet sand 
is shown in every well log and occurs in Han.sons BJuff. 
Furthermore, alkaline and cofored waters are found in 
the wells of the present area of alkali and swamp-that 
is, to the north of the Rio Grande fan. It is believed 
that water of this type indicates ground-water dis
charge throughout the period of deposition of the 
.Alamosa formation r&ther than the existence of a lake. 
It thus seems probable that the valley floor was gre.du
e.lly lowered with deposition, and that the beds were 
laid down on alluvial plains similar to those of the present 
tirue. Temporary lakes may have existed as incidents 
t,e subsidence or as a result of the shifting of areas of 
.ra,pid deposition from place to place. The existence of 
the Alamosa formation w.stilles to deformation &nd the 
bold western scarp of the Sa.ngre de Cristo Mountains 
is also evidence of relatively late fault movement on the 
ea.st side of the basin. 

The northeast base of the Magdalena Mountains is 
ma.rked by a line of fault scarps about 5 to 40 foot high, 
extending almost continuously from the north end of 
t.h"J range southeastwaro to Water Canyon. These 

•s a.re somewhat weathered and brush-covered but 
.-d a recent uplift of the rru:i.gp relative to the plains. 

The Snake Ranch Flats, which lie between the Magda
lena and Socorro Mountains, a:re drained by streams 
heading on the Magdalena Range which join La. Jenze 
Creek or :m:rsue ~ou;ses '.:I.cross :he Socor.o 'luiift. ~::ie 
jats are ~mooth; aggraded slopes to which ;.a.ch storm 
a.dds new material. Wells in the flats penetrate allu
vium that can.not oo differentiated in the logs from the 
underlying Tertiary sediments. It is evident, however, 
that th.is is a be.sin originating in Pleistocene or recent 
time and still in the process of being filled. 

PosM)rd1 Erosion SW'f'acea 

By the time the Ortiz surface was completed. the river 
appears to have been established in. essentially its 
preaent oourse, but nevertheless the later hi.story of the 
Rio Grande is complex. The river in New Mexico 
lowered its clumneI but remained stabilized at suc
cessive stages for oonmde:rable periods of time. 

With each suooeasive lowering of the river channel, 
the tribute.ry streams were also incised, and broad 
pla.ins of erosion were eut.'4 In the &:nto Domingo 
Valley, where detsiled studies 16 have been made, 
there are two well-developed surfaces, or pri.al pedi-

, Kld:, ilad McCUU!.,ll'. T .,8u-1vepedimmtall,lld ~o!tbeupper 
J hi Ne,,, Mmao: low.~. ?OJ. H, pp. lti-17:I. 1"311. 

.. --,o.1:1, ltlr.lt, 11.Dd trp,cm,.J.JI:., i:,;llptlbllabld !baa. 
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ments, below the Ortiz-the La Bajada and Pena 
Blanca pediments. Between the Pena .Blanca pedi
ment and the present flood plain there are two ten-aces . 

The La. Ba.jade. surface is well displayed near the 
village of Le. Ba.jada. In some places it is nearly com
plete, but in others it is only a partial pediment. It 
continues south into the Albuquerque-Belen Valley, 
where it forms most of the surf ace of the Llano de 
Sandia. If projected to the river it corresponds to a 
river level about 300 feet above present channel. In 
the Socorro region it appears to be the same as the Tio 
Bartolo 311 surface. Exact correlation from the Rio 
Grande up the Rio Puerco has not been accomplished, 
but apparently the La Bajada is the equivalent of the 
La Jara pediment .ne&l' Cuba.37 

The Pefia Blanca surface is less developed than the 
La Be.jada and represents a stabilization of the grade 
of the river for a shorter period. It corresponds to a 
river channel about 175 feet higher than that of the 
present. It is prominent just edSt of Bernalillo and 
forms much of the complex bench west of the river 
called the Segundo Alto. In the Socorro area it appar
ently corresponds to the Ve.lle de la Parida surface1

38 

and on the Rio Puereo to the Rito Leche.39 

Still farther down the river, in the Mesilla Valley, 
Dunham to has distinguished the Picacho surface, which 
rea.ches the .river about 100 feet above its present 
chllJlllel. Dangerfield O has distinguished two less 
developed surla..ces which -reach the river at lower 
altitudes &nd also a terrace 20 feet above the river. 

The Preaent Flood Pia.in 
ed .ts!rociated "!'err.aces 

Since the pooiments were formed the present flood 
plain hru; developed, and two types of low terraces have 
been formed. The first type results from the deposition 
of fans by tributaries and subsequent lateral pla.n.ation 
by the river. The river changes its course from one 
side of its flood plain to the other at frequent intervals, 
and many such changes have occurred since the Spanish 
conquest. Whenever the river flows at one side of its 
flood plain, the tributaries that enter from the opposite 
Bide build fa.n.s on the flood plain. The larger tribu
taries build large fans very rap.idly and may raise their 
clumnels 20 to 50 feet at t.heir emergence upon the flood 
plain. In many places the fans of tributaries coalesce 
to form foot slopes. or uladera.", at the base of the 
blufi's that bound the flood plain. When the river 
shifts its course, however, it cuts laterally at the bue 

• Bi-nD. n-11:. ~ta de,relffped bl ba8im with ~dn,llmp-~ 
b:,Ulo 8-ro 1n1, N. Mez. (abstfact): Oeol. Soc. AJJ!etlca Billi., l"ol. a, pp. US-129, 
11m. 

11 Brnn, llrlL, And McC&n.11, J'. T., op. cit., p. HIO, 
• 'lk,-. ]DJ.It, op. cit. 
• BrJu, lik, .-nd M:cCarm, P. T ., c,p. cit., p. 115'. 
• Dwl!wn, E:. 0 ., ~ ot tl3e Orpn MCXllltu.m, •; Nn Muloo 11,chooJ of 
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of the !ans and may wholly remove them, and the trib
utaries a1eo readjust their grades and dissect their 
previously deposited fa.ns. By swings of the river from 
side to side, there a.re formed low terra.ces of irregular 
height. This process wu described many yea.rs ago 
by Keyes,0 who a.ttributed to it all the tern.ces of the 
Rio Grande and even the higher erosion surfaces, or 
pediments. The process occurs to some extent on all 
rivers, and it is of particular importance in the valleys 
of the great rivers of &rid regions. The terraces of this 
type are formed at irregularly spaced intervals of time, 
dependent on the vagaries of the shiiting river. Their 
height depends on the size of the tributaries and the 
length of time during which the fan was built before a 
shift in the river course put a stop to deposition. 

The seoond type of terre.ce differs from the type 
just described .in that it is built by the main river I not 
by the tributary. It is composed of the characteristic 
rounded gravel and clean sand of the river, not of the 
relatively unsorted and angular gravel and sand of the 
intermittent and ephemeral tributary streams. Such 
terraces represent a cutting downward and an up
building of the river grade. The Rio Grande, however, 
is relatively so powerful in lateral pbmation on it.a 
present grade that it has largely removed the deposits 
that it laid doW'D. at the higher grades formerly existent. 

The broad flood plain of the river is one of its con
spicuous features. Except in the constrictions be
tween the suooes.sive valleys, the fiood plain is from l 
to 4 miles wide. Here are the irrigated lands, the 
oases, whose products in food and in h&.y concentrate 
the population. Here are the markets and the centers 
of civilization for the widely scatttired ranches and 

•• - .. • ' ' • ' ••• t -fl · · -'.Illnm g 'mllf ps · o I .)() ra erm g< '.li.gn.mn as . 
The deposits underlying the flood plain consist of 

unoonsolidated sand, gravel, silt, and clay. Some of 
these sediments have been deposited recently, and in 
fact there seems to be no question that the river channel 
and the flood plain have been rising in the list few 
years. The depth of the flood-plain deposits constitutes 
an unsolved problem. The river in its larger floods 
soourn deeply and relumdles the previously deposited 
materials. In such periods of high water it is capable 
of handling gravel that at ordinary times is unknown 
in the river bed. The depth to gravel in the river bed 
is thus a rough measure of the depth of scour in great 
floods. In installing its diversion weirs the Middle 

· Rio Grande Conservancy District found gravel at 
depths of about 30 feet below the low-water clumnel 
at the Angostura dam, between San Felipe and Cochlti, 
at the Weta ds.m, and at &n Acacia. Near Albu
querque the piers of the Barelss Bridge are set in a 
boo of gravel at a depth of 60 to 65 feet. Thus it 

• :B:nel, c. B., J.arlldlld ~ Ill Ula Rio Onnde (N. Mu.): A.ID. lour' Sd., 
•t.b - .. YO!.,._ pp. ffi-412, Ill07. 
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appears that scour in the larger valleys~ deeper than 
in the constrictions between them. &our di· 
fiood only gives a minimum depth of the flood: 
deposits. Thus wells near Albuquerque find }(h..,e 
material to a depth of 200 feet, more or less, and the 
mineral character of the water is more or less willorm 
to this depth. These facts indi.ce.te that the flood-plain 
deposit.a, resting on the Santa. Fe formation, have e. 
maxim.um thickness of at least 200 feet. At El Paso 
drilling a.t the so-called international dam site a.t the 
head of the gorge showed, as reported by Slichter, o 
a depth of 86 feet of sediment.a above bedrock. It 
seems probable that there is in the larger valleys from 
100 to 250 feet of relatively recent deposits of flood
plain tyPe above the Santa Fe formation. 

Poat.Ortiz Volcamsm 

Contemporaneous with the development of the Ortiz 
surface there was extrusion of basaltic lava.. Part of 
this lava. may have been poured out before the surface 
was wholly complete and may acoount in part for the 
preservation of surfaces slightly above the normal 
Ortiz grade. Basalts attributed tio Ortiz time m this 
sense include the "plateau be.salts" of the Rio Grande 
Canyon, the Valledtios and Black Mesa basalts of the 
Abiquiu area; the ha.salt of the Alto de Mesa Santa 
Ana, the great flows of Mount Taylor and the M-~ 
Prieta., the high-level basalts south of the Rio 
Jose, those in the soµthern part of the Socorro M-. 
t&ins, and the Sa.n Marcia.I Bow. 

During the stages following the Ortiz, basaltic lava 
Hows were poured out in different localities. In the 
Ahiauiu area. s. small be.salt flow 'Vas mrnded on -',he 
San~ Clara lLa Bajacia.;') suria.ce. The largest .dows· 
we:re extruded near the beginning of the La Bajada. 
stage from eni.ters north of White Rock Canyon. 
These lavas poured into the canyon of the river and, 
joined by other basalt from now concealed vents, 
completely blocked it. The river level was raised 
above the La Bajada level of 300 feet and changed in 
position. The new CWiyon was similarly blocked a.nd 
lava sheets welled over the partly dissected Ortiz sur
face at altitudes more than 500 feet above the river. 
The basalt from north of the cs.nyon flowed on the east 
side of the Cerros del Rio and joined lavas from cinder 
cones north and south of Santa Fe Creek to form lill 

extensive basalt sheet whose remaining portion is the 
Mesa N egra de la. Bajada, extending eastward from 
the escarpment' at La Bajada. The river cut a new 
canyon but was again displaced by floods of rhyolitic 
mud descending from a great cone that formed in the 
Siem.I. de los Valles at th.is time. This mud consol
idated into gree.t sloping sheet.a that reach more tr--

•tmcbw, 0. 8. OblarTaUomou tb1!1JWBd walanlR10 Orude V.U.1 (!'< * Ta.): v. s. Geo!. sun., Wa;ir-kpp):, ,.. .. m, p. 1, aa. 2, 111m. 
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1!000 feet in thickness. The river was permanently 
~~laced to the east, and the location of the present 

·te Rock Caynon wa.s fixed at this time. 
.e formation of the thick deposioo of rhyolitic mud 

ti.ua not represent the last important eruption of the 
Sierra de los Valles. Apparently long afterward, when 
the cone that had formed at this time was much eroded 
new volcanoes, including the present Cerro Redondo: 
were formed. Obsidian Bows from these eruptions 
were carried only a short distance down Jemez Creek. 
Thereafter, the only activity came from the south flank 
of Cerro Redondo, where a small pumice cone broke out 
at the locality called El Cajete. Pu.mice from this 
eruption was blown out with great force, and small 
bodies of it ca.n be found east and south of the Jemez 
many miles distant from the soun::e. The date of this 
eruption is at least as late as Petia Blanca time, as bodies 
of this pumice have been found on surfaces of this stage 
near Coohiti. 

Near the pueblo of Sa.n Felipe a small cone is the 
center of a late basalt flow that mantles the Santa Fe 
lavas of Santa Ana Mesa and en.ends down upon the 
Pefia Blan.ca surface. An erosion outlier east of the 
river is the round butte that is called Mesa San Felipe. 

The Albuquerque volcanoes consist of five small eones 
a.nd a small field of basalt. The basalt lies mostly on 

. the Llano de Albuquerque, which is a remnant of the 
r ··"': surface. At the north end the lava flowed down 

the Segundo Alto to levels about 150 feet above the 
l6. -r, and therefore the eruption probably occurred 
within the Pefia Blanca stage. 

West of Los Lunas, on the Llano de Albuquerque 
there is a. considerable area of late basalt. It is a.ssO: 
df.tted ;vith ·.i ::nass Jf:a..,a Ji Sama ?~ ige -v.hic.::1 :o.r:ns 
a broad dome to the north. It may, however, be dis
tinguished by its greater freshness of aspect, by the 
sharpness of its cinder oones1 and by its extension down 
a broad swaJe cut a little below the ancient surf ace of 
this plain. It seems probable that this flow ie, much 
later in date than the broad Ortiz surface on which most 
of it lies. 

In various localities to the south there are basaltic 
lava flows which generally lie on erosion surfaces and 
are apparently of about the age of La Bajada and Pena 
Blanca. surfaces. There a.re flows a.t the south end· of 
the Socorro Mountains, at the south end of the Sierra 
los Pinos near Hillsboro," and nea.r the Elepha.nt Butte 
Dam, in the Sierra Caballo. On the west slope of the 
Mesilla Valley• there is a small cone and lava flow on 
the Picacho surface, of equivaJent date. There are 
also la.rge areas of basalt on La Mesa which were doubt
less extruded more or less in the Picacho stage and thus 
long after the erosion surface of La Mesa was formed. 

Y, G. T., op. ell., pp.1].-&1. 
,am, :It. G., op. alt.. p, 1'8. 
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Summary of Grood•Water Condi~ns ---Gueral Statement 

The topography and geology of the Rio Grande drain
age area significantly a.ft'ects its water supply. The 
topography afi'ects the water supply directly because it 
very largely determines the amount and distribution of 
the precipitation. There is, in general, in the Rio 
Grande drainage a.rea an increase in precipitation with 
~titude. Thus there is a general increase in precipita, 
tion from south to north with increasing altitude. The 
inner valleys and the San Luis Valley are in the rain 
e~~o~ of the mountains and therefore have low pre,. 
cip1tation. These facts are well shown by the rainfall 
map of the Rio Grande drainage a:rea.~ At altitudes 
above about 7,000 feet much of the precipitation OCCW'S 

as snow, which tends to sustain the flow of the streams 
in the spring and summer. The slope of the surface 
also influences the amount and rapidity of direct run-off, 
and conversely the amount of infiltration a.nd of ground
w~ter recharge and ground-water run-off, which sus
tains the flow of the streams. 

The distribution of the rocks of different kinds also 
affects the amount and rapidity of the direct run-off 
and the a.mount and rate of infiltration into the ground. 
The texture of the rocks and the size, shape, and position 
of the rock bodies largely determine the amount of 
ground-water reche.rge, storage, and discharge. Thus 
the stratigraphy and rock structure control in la.rge 
degree not only the distribution, depth, and yield of the 
wells but also .the distribution, yield, and constancy of 
the springs and therefore of the streams that are fed by 
defin.i te springs or by diffused seepage. The stratigraphy 

: a.n_d ~o~k _;truc::31!'~ ire _.1,lsq :.he. ,;n.:..nc;pai :·ac:.ors ~hat 
determine the chemical character of the water derived 
from wells, springs, and spring-fed streams. 

Mountains and Highlands 

The mountains and highlands that border the Rio 
Grande depression not only receive a greater precipitation 
but also have a higher proportionate rate, of run-off than 
the intervening basins. They consist largely of consoli
dated rocks whose pore spaces are small and moderate in 
number. Generally these rocks are fissured a.nd jointed 
and may in places be covered by a mantJe of soil. There 
is some storage of water in these weathered portions of 
the rocks, but even under favorable conditions storage in 
most of the formations is only moderate in a.mount, and, 
because of steep slopes a.nd deep-cut canyons, discharge 
from these natural underground reservoirs is easy I a.nd at 
the end of long dry summers it may be almost complete. 
Under these circumstances springs dry up a.nd streams 
have little or no water. The largest ground-water re
eha.rge occurs in some of the limestones and basalts. 

• S..pL I, pt.. I. 
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The San Juan Mountains a.re not only ·the largest 
mountain r&.nge bordering the Rio Grande depression 
but also among the highest, having many summits above 
121000 feet. The precipitation exceeds 50 inches in 
places, and there is much winter snow. Here rise the 
Rio Grande and ita strong headwater tributaries-the 
San Antonio, Conejos~ and Alamosa Rivers. The 
greater pa.rt of the mountain area is blanketed with 
volcanic rocks that ha.ve an average thickness of 5,000 
feet. These rocks ha.Ye numerous joints and cracks, and 
most of them weather to fairly deep soils. There are 
also considerable areas of glacial drift and of landslide 
masses. All these characteristics of the a.rea provide 
storage of groundwater that is discharged into the 
streams at the bottoms of the deep-cut canyons. The 
low~water flow of the river and its tributaries is largely 
maintained from these sources. 

The Sa.ngre de Cristo and Culebra Ranges in Colorado 
are high, reaching altitudes of 14,000 feet. The moun
tains a.re steep and the drainage basins na.rrow. The 
rocks are mostly pre-Cambrian grs.nite and schist, which 
have been scraped clean by glaciation and are there
fore little weathered. There is thus a quick run-off and 
little ground-water storage, and most of the streams 
have only a small low-water flow. The luger streams, 
Culebra and Costilla Creeks, have headwater canyons 
on the east side of the crest and thus reach into areas 
of sedimentary rock from which they draw a relatively 
large low-water flow because there is relatively more soil 
and greater ground-water stors,ge. In New Mexico 
this range is wider1 and in the interior there are belts of 
Pennsylvanian limestone, shale, and sandstone. Thus 
i.n snite of !ower 3.]titudes and less 'Jrecinitation, --:nanv 
·_;cie !reek:i, · such l.S the .Rio Col~rauo· and 88.llta ?e 
Creek, have relatively sustained low-water flows. 

The Chama River heads in the southern part of the 
San Juan Mountains, in the Conejos Mountains in New 
Mexico. The annual precipitation reaches 40 inches on 
the higher summits of this range. There is moderate 
ground-water storage in the weathered rock and in 
masses of g]aci&l debris. The Chama River not only 
has a la.rge spring flow from melting snow but also a 
considerable low-water flow. 

The Jemez Mount.ams are about 40 miles square but 
consist of two unlike portions. The west side is the 
Sierra Nacimiento consisting mostly of granite and 
schist Banked on the west by upturned eedimentary 
rooks. The north end of the range, &n Pedro 
Mountain, has a summit area of more th.an 100 square 
miles above 10,000 feet. Here the relatively deep winter 
mows and ground-water storage provide a water suppJy 
for ereeks draining into the Chama River to the north, 
the Rio Puereo to the west, and the Rio de las Vaeas. a 
tributary of Rio Jemez. All have a small low-water 
flow in swnmer. The eastern pa.rt of the range, the 

Rio Grande Joint Invest1".gation 

Sierra de los Valles, is made up largely of volcanic rocks. 
The most extensive formation is a rhyolite tuff wrur' 
open and porous. It forms great ·plateaus with as 
direct run-off and large ground.water storage. Springs 
that break out at the base of the tuft' furnish the low 
flow of streams such as the Rio Jemez. The formation 
&lso contributes to the ground-water discharge. of the 
Rio Grande in White Rock Canyon. 

The Sandia, Manzano, and Los Pinos Ranges reach 
altitudes exceeding 101000 feet, but the mountains are 
narrow and the drainage basins of the streams have 
.very small areas at the higher altitudes. Most of the 
streams drain to the Rio Grande through gaps in the 
range. Most of the limestone plates that cap the 
mountains dip eastward. They are much broken by 
joints and have large solution cavities. The direct 
run.oft' is moderate and there is large ground-water 
storage, but the dip of the rocks is so steep that drain
age of these reservoirs by springs is relatively easy. 
The distances to the river from these springs, some of 
which are large, is so great that no perennial streams 
from th.em reach the Rio Grande. 

The western upland bordering the Albuquerque
Belen Basin is largely underlain by Cretaceous and 
Tertiary sedimentary rocks. Here originate the Rio 
Puereo and the Rio Salado, two important tributaries 
of the Rio Grande. The Rio Galisteo, which rise, ! 

the south end of the Sangre de Cristo Range, eas 
the Rio Grande, has. the larger part of its drain...., 
basin in the Creta.ceous rocks and has sim.ilar character
istics. Quick run.off and low ground-water storage 
a.re chara~teristics of these rocks. The general altitude 
1Jf •.he drainage '.Jasi.TJ.s ~s also ~ .. "v md .:.no::;t, :i ·.he :r=:- . 
cipitation is min rather than 3~ow. .Sharp 1fo.shy 
floods are characteristic. The rocks weather largely to 
sand, silt, and clay. The clay resulting from the weath
mng of these rocks is colloidal, and when it is wet it 
can be easily transported by the streams. During a 
long period of time alluvium was stored in the flood 
plains of the main streams and their tributa.ries, but 
beginning about 1885 deep channels were formed from 
downstream headward, and even yet these channels 
are continuing to widen and, in places, to deepen. The 
erosion of these channels has produced large volumes 
of fine-,grnmed material, co:m.monly called silt/' which 
is carried into the Rio Grande and which since the 
building of the Elephant Butte Dam has been deposited 
in the Elephant Butte Reservoir. If the estimated 
volume of the original channels of the Rio Puerco is 
subtracted from the volume of the channels as deter
mined in 1927 and the reme.inder is divided by 42, the 

a Dr71.1:1, :E:b't, S.llt IJtodles cm~ rivefll: Nat. ~ Cou.neil :B.tpt. and 
C1R. &Ir., No. 112 (Be.pt, Com. cm l3edil!leD.tatlcm), pp. K-48, 1930; Cbmoel er 
oft.be Alo Sa.l»do, 8-ro, N. Mu.: u. 6. Oeol. 8-ey Bull. 'l1lO, pp. 17-lf 
lliJtoric mdtmce on ~ ID the !.lbr.zmllll Ill Blo ~. a tributa.ry of tb. 
~ID N• Mwco: Jour, Otlolaa, vol. llO, pp. -.:m, 11128. 
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number of yea.rs between 1885 and 19271 the result is 
the mean rate of silt production by enlargement of the 
'hQ.llnels. This ~""Ul"e is 9,000 acre-feet a year, or about 
;O percent of the quantity of silt annuaUy deposited in 

the Elephant Butte Reservoir. If the very considerable 
quantity of silt produced by channel widening and 
deepening in the Rio Galist.oo and the Rio Salado is 
added, it is apparent that these three tributaries a.re 
the major factors in the silt problem of the Rio Grande. 
It is also evident that channel enlargement is a prime 
fo<",tor in silt production. 

The highlands and mountains south of the Albuquer
que.Belen Basin are relatively small and relatively low. 
None of the tributary streams are perennial, and mo.ny 
of them seldom yield even flood water to the river. 
Part of the Jornada de] Muerto and most of La Mesa 
contribute no surface flow to the river. The largest 
tributaries originate in the Black Range. The volcanic 
rooks of this range furnish good ground-water storage, 
and some of the streams have a low-water flow, which 
is, however, consumed by evaporation or infiltration 
into the basin deposits and thus fails to reach the river. 

The Bun De,ol!ifts 

Ckulifa:d,ion of the baaim.-Tbe basins between the 
mountains are characterized by low rainfall, low direct 
run-off, and high ground-water storage. In this respect 
''liey resemble the other basins of the basin and range 

:ovince. They differ from those other basins prin
cipally in being strung like beads along the line of the 
Rio Grande. Each has its local drainage area and 
local water supply and discharges water by evapora
tion and transpiration in the low land of its inner vallev. 
JUt ~U.C!} llSO :-eceives lil(l ciiscnarges W!l. ~r -of• :be illlilll 
river and some of them of major tributaries also. 

The intricacies of the individual basins can be best 
understood if the hydraulic regime of ground-water 
reservoirs is first considered. Ground-water reservoirs in 
the Rio Grande depression may be divided into two main 
classes and these in turn may be subdivided as follows: 

A. Geologically enclosed basins, in which the perme. 
able rocb, consisting chiefly of parts of the Santa Fe 
formation, later sedimentary deposits, and associated 
Java rocks, a.re completely surrounded by essentially 
impermeable bedrock, so that virtua.lly all water that 
is precipitated' on the basin or comes in by surface 
ff ow from other drainage areas must either be consumed 
within the basin or overflow across the bed.rock by 
surface ffow. These be.sins may be divided into the 
following subtypes: 

1. Basins that are enclosed hydrologieally u well as 
goologiceJJy. The basin receives no water from any 
other basin, and all. the precipitation within its dn.inage 

'& is consumed by evaporation, transpiration, or 
.mu.cal combination, without Bow to the outside. 
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2. Geologically enclosed basins that .receive surface 
flow from other be.sins but do not discharge any surf ace 
water. All precipitation within the drainage area. of 
the basin and the accretion of water by surface ffow 
from one or more other basins is consumed within the 
drainage area of the basin by evaporation, transpira
tion, or chemical combination. 

3. Geologically enclosed basins that discharge water 
by surface flow but do not receive any surface flow 
from any other basin. All precipitation ·within tho 
drainage area of the basin is consumed by evaporation, 
transpiration, or chemical combination, except for the 
loss by surf ace flow to the outside. 

4. Geologically enclosed basins that receive surface 
flow from one or more other basins and also discharge 
water by surface flow. All precipitation within the 
drainage area of the basin plus the surface imlow is 
consumed by evaporation,trsnspiration,or chemical com
bination, except for the loss by surface flow to the outside. 

B. Geologically open basins, in which the permeable 
rocks (Santa Fe formation, later sedimentary deposits, 
associated lava rocks, etc.) are incompletely enclosed 
by bedrock or are incased by bedrock part or all of which 
is permeable. Thus the basin is geologically open, and 
there is opportunity for water to percolate underground 
into or away from the basin. The hydrologic connec
tion may be effected through bodies of permeable bed
.rock. These basins also may be subdhided, as follows: 

1. The basin has no su#ace inflow from any other b&Sin 
and no surface outflow, but it loses water by percolation 
to one or more other bll.Sins that have lower water tables. 

(a) The loss is le.rge, so that the basin has a low 
'l\'a.ter. •,able. P,ecinitation :n ~he drainage area ,)f ·,he 

m '"'Ill •, -

. :)a81Ii is consumea by ilmneaiate evaporation and trans-
piration from the soil, by chemical combination, and 
by underground leakage. 

(6) The loss is small, so that the bas.in has a high 
water table. Precipitation in the drainage area of the 
be.sin is consumed by evaporation, transpiration, and 
chemical combination as in a geologically enclosed 
basin except for the Joss underground. 

2. The basin has no surf ace inflow from any other 
basin and no surface outflow, but it receives water by 
percolation from one or more other be.sins that have 
higher water tables. 

3. The basin receives surface fl.ow from other basins 
and either loses or gains water by peroofotion. 

(a) Underground loss large. 
(b) Underground loss small. 
(c). Underground gain. 
4. The basin has surface outflow and either loses or 

pins water by percolation. 
(a) Underground loss large. 
(6) Underground loss small. 
(c) Underground pin . 
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5. The basin has both surface inflow and outflow, 
and either loses or gains water by percolation. 

(a) Underground Joss large. 
(b) Underground loss small 
(c) Underground gain. 
6. The basin has both surface inflow and outflow 

and also underground inflow and outflow. · 
The accompanying diagrams, figures 51 and 52, have 

been prepared without regard to the size and shape of 
the basins and considering only the possible variations 
in geologic and hydrologic conditions. The simpler 
basins, A-1 and A-2, do not occur in the Rio Grande 
drainage area, but the Estancia Valley and the plains of 
San Agustin are nearby examples, and many additional 
examples could be cited from Nevada and southeastern 
California. 

The basins of the Rio Grande drainage area are open 
geologically and also open hydrologically. As they a.re 
surrounded by higher ground, however, they generally 
gain rather than lose underground water. The only 
possibility of loss underground is to the next lower basin 
on the river. However, some of them are so nearly 
enclosed both geologically and hydrologically, even a.t 
their southern or lower ends, that they are, except for 
the surf ace flow of the Rio Grande, ahnost perf eetly 
isolated as to water supply from adjacent basins. As 
nearly all the basins receive surface or ground water 
from sources other than the river, however, most of the 
basins classify in B-5-e or B--6. 

Hydrology oj tke basim.-In the light of the general 
principles set forth above the several basins of the Rio 
Grande can be renewed. The San Luis . V a.Uey is 
1lmost romnlete1y ·~iosed. ;eQ1ogicaHy 'Jy :he _':,ar.:er ')I 
the San Luis Hills to the south. South of Antonito 
there is no known bamer to underground flow through 
the gravel and basalt into the plateau and thence to 
the canyon of the river. However, only water that 
infiltrates in the Hinsdale formation in Los Pinos 
Creek Valley or near the mouth of .Antonito Creek could 
travel in this direction, as the slope of the surface and of 
the water table are to the ea.st and north from .Antonito 
northward. Furthermore, seepage studies in Rio 
Grande Canyon show no notable gain of water in this 
a.rea. 411 In th.is same area surface water, in part diverted 
from other streams, goes down Poncha. Creek for use in 
irrigation south of the Sa.n Luis Hills. The be.sin of this 
creek is wholly in the relatively impermeable Tertiary 
volcanics (Conejos? e.ndesite), and there is probably 
little leakage to the deep underground. Whatever is 
lost by wastage at the end of the canals goes into the 
river and is lost to San Luis Valley. In the area between 
the Sierra Blanca and the northeast end of the Sa.n 
Luis Hills the basin is open to the drainage of Trinchera 

II B?Jan, .K:lrk, Oeo1cff of Rio Ofill.Dd& Can111D: NP Me.tloo state Engl,u- 9tb 
Dle!m. ll.ept,. pp. Ul15-l.20, l*l. 

Rio Gra.ruk Joi11t lnve.stigation 

Creek. As Trinchera Creek-is-the-higher, both sur
face and ground water may be fed into San Luis V 
but part of the water, both surface and undergr1. 
goes south of the barrier and is lost to the valley. 

The eastern portion of what is called San Luis Valley 
south of Trinchera Creek drains both on the surf ace nn<l 
underground to the Rio Grande. Part of the water 
from the lower part of Culebra Creek enters aho\'e 
State Line Bridge (Lobatos gaging station) a few miles 
north of the New Mexico line. The ground water in 
the vicinity drains directly west only in part, and much 
of it must mingle vdth the ground water from CostiHa 
Creek in the permeable beds that underlie the plain 
and must reach the river south of State Line Bridge. 

The great plateau south of the San Luis Hills has a 
low surface run-off and high rate of percolation into the 
ground. Thus on the west side only a very few streams 
reach the Rio Grande and these have generaHy only 
small and discontinuous flows in the basalt plateau. 
On the east side of the plateau several streams originat
ing in the Sangre de Cristo Range reach the river. 
Costilla and Latir Creeks, the Rio Colorado, Hondo 
Creek, and Taos Creek are the principal streams. 
Each stream enters the Rio Grande Canyon through a 
narrow and usually short canyon. These streams carry 
to the river relatively la.rge quantities of water, and each 
has a small but substantial ]ow-water flow. Howl' 
the Rio Grande also gains water from the grounu 
tween the State Line Bridge and Embudo." Ttus 
invisible inflow as measured on eight occasions between 
1911 and 1928 amounted on the average to 119 second
feet. Deducting for evaporation losses leaT"es a net 

· · ;ain ,Ji .1 oour, : 00 :<econci-foer. Jr ·:_;,ooo acre-feet ii year. 
The mean difference in flow between the Embudo 

and State line stations for the period 1889 to 1926 is, 
in round numbers, 250,000 acre-feet a year. Of this 
quantity, 187,000 acre-feet is accounted for by the sur-
f ace flow of the Rio Colorado, Hondo Creek, Taos Creek 
and the Rio Embudo. Thus only about 63,000 acre
feet is to be accounted for by the :remaining streams and 
by the ground-water inflow. It appears, therefore, 
that the mean ground-water flow must be considerably · 
less than the 73,000 a.ere-feet a year shown by the 
special measurements of 1911 to 1928. If the quantity 
is as much as 50,000 acre-feet, there is in the 75 miles of 
canyon a ground-water inflow of 650 acre-feet to the mile. 

The Espafiola. Valley receives both surface and ground 
water from the Abiquiu reentrant and also from the 
Pi.curls reentrant. It receives surf ace and ground 
water from the Tesuque Valley near Buckman. There i 
is, however, a eurlaee and ground-water divide between f 

. Tesuque and Santa Fe Creeks. This divide lies in the 
Santa Fe formation, and there is no imperme, 

• Beyu, E:r!k, c,p, cit~ pp. lll-11', 
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barrier. The surlace and ground water of Santa Fe 
~ a.nd of an area extending about 20 miles south 

.he north brink of the Galisteo Valley drains kl the 
...uyon of Santa Fe Creek in the Mesa. N~a de la 

Bnjada. Here the ground water is brought to the 
surlace by a barrier of older rooks formed by Tertiary, 
Permian, and Cretaceous rooks and intrusives in the 
Cretaceous. Some of it is lost by evaporation and some 
spills through the barrier IUld emerges again above the 
village of La Baj adn. 

The White Rock Canyon is a topographic separation 
between the Espaiiola a.nd Santo Domingo Valleys. 
It is cut mostly in the interbedded basalts of the 
Santa Fe formation and at levels 300 feet or more 
above the river in later volcanics. These rocks are 
permeable kl water. They probably form only a 
partial obstruction to water flowing southward from 
the Espanola Valley. Without question they transmit 
water from both sides but particularly from the west 
side of the canyon. Springs a.re common in the 
canyon, and there is a gain of water not only from the 
creeks but also from the ground. 

The Santo Domingo Valley is bounded on the east 
by a geologic ha.mer composed of different rocks 
which a.re apparently effective in preventing movement 
of ground water. Some ground-water flow breaks out 
in Santa Fe Creek above La Bajada, derived from such 

r as overflows the barrier and also water that 
.,,nates by reason of rainfall on the mesa. The inter

bedded basalt th.at crops out in Black Butte is crossed 
by Santa Fe Creek in a canyon east of Coehiti. Here 
also ground water is brought to the surface and in part 
fumpateq ':)y ~~a:poratjon. T)e 3.io '3:slisteo. -vhlch 

· 11rru.ns a ~large area oi hlghla.nd outside the basin, 
crosses into the basin at Rosario siding, and thence 
to the river flows in a :flood plain with a high water 
table where some ground water is lost by evaporation. 
Several streams flow in from the mountains on the 
west. All lose their surface flow at the boundary of the 
Santa Fe formation and contribute to the ground 
water. 

The Albuquerque and Belen Valleys lie in a very large 
basin. The topographic barrier between the valleys 
is at Isleta.1 and as it is formed by a basalt sheet inter
bedded in the &nta Fe formation it offers only a 
partial obstruction to the flow of water underground. 
Otherwise the Albuquerque and Belen Va.Jleys con
stitute a unit. Su.rfa.ee waters from outside the basin 
a.re received in one or the other of these valleys through 
Jemez Creek and Rio Puereo &.nd from the east side 
of the Sandi& and Ma.nza.no Mount.a.ins through 
PJe.citas, Tijeras, Hell, and Abo Canyons. At its 
.s,-· ,.i end the Belen. Basin is much :narrowed Wtween 

ma Le.dron and the Joyita Hills. The fault on 
1,..._ ,,est side f orm.<1 the boundary between the Santa Fe 
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formation and the pre-Santa Fe basin deposits. The 
latter a.re generally more thoroughly cemented and 
are leas permeable, but there is some opportunity for 
ground-water connections. The actual gap at San 
Acacia is a naJTOw gorge in a sheet of andesite inter
bedded with the Santa Fe formation. The flood plain 
in this gap is ne.rrow, and UDderflow in it through the 
flood-plain deposits must be reduced to a minimum. 

The Socorro Valley is underlain by beds of the Santa 
Fe formation deposited in a. basin separate from the 
main basin. The lithology of the beds is somewhat 
different, but there is no reaaon for believing that their 
perme11.bility is lower except in a zone 1 to 2 miles 
wide at the base of the Socorro and Lem.itar Moun
tains. This basin merges to the south into the Jornada 
del Muerto and the basins west of the river. Leakage 
to these basins is impossible on account of their higher 
altitude, but on the other hand ground-water inflow 
must take place from these areas. Whether ground 
water from the inner valley in the vic:in.ity of San 
Marcial can pass west of the Elephant Butte Reservoir 
depends Ja.rgely on hydrologic conditions. When the 
reservoir is full, the valley fill is saturated with water 
to an altitude close kl that of the town of San Mardol, 
and there is no hydraulic gradient on which movement 
can take place. When the reservoir is empty or at 
low level there is a gradient, but whether it is enough 
to cause significant movement is doubtful. 

Rincon Valley is ls.rgely enclosed on the ell.St and 
north. It is open to the west, but this pa.rt of the basin 
is higher and must contribute water to rather than 
gain water from the Rio Grande Va.lley. At the lower 
.~nd Ji ·me l.>a.sin,. in,3eicion· Canyon . .::;he •basin .s .:iot 

wholly closed, but it is so narrow that ground-water 
losses a.re a.Jmost impossible except through the gravel 
below the river bed. 

Mesilla. Valley is almost closed at both ends, but is 
open to the Bides. It seeJDS from the somewhat 
meager information available that ground-water levels 
m La Mesa a.re higher than the floor of the valley and 
that there must be a ground-water gain. I..oss of 
ground water into Mexico west of El Paso seems 
unlikely, as the enclosed be.sins to the south appear, 
according to a reconnaissance by A. N. Sayre, of the 
United States Geological Sm:vey, to have altitudes 
high.er than the valley Boor above El Paso. The 
gorge at El Pa.so has at least 86 feet of alluvium a.hove 
bedrock, 1nd Slicliter's measurements so show that 
under.flow is small. 

El Pa.so Valley "is open on both sides e.nd ground
water gains occur, but it is so constricted at Fort 
Quitm&n that ground-water losses in tbis pass are 
probably low . 

a BJlcbter, C. s .. Otaand 'llll'alAn of IJle Rio Orande: U. S. Oeol. Smve:v Water 
Bdppl:v Paper m, w. 11-14, 1eo.,. -
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PART II 
S EC TIO N 2.-G ROUND WATER IN THE SAN LU IS VALLE y, 

COLORAD0 1 

Introduction 
Loation and General Futures of the Area 

The San Luis Valley, in the south..centra.l part of 
Colorado, lies in a broad depression between two moun~ 
ta.in ranges converging to the north. The Sa.ngre de 
Cristo Range, which forms the east boundary reaches 
altitudes of over 14,000 feet. The ranges on aie west 
side include the Saguache, San Juan, Conejos a.nd La 
Garita Mountains, with altitudes between 13,000 and 
14,000 feet. The valley floor has a.n altitude ranging 
from about 7,500 to about 8,000 feet. Alamosa, near 
the center of the valley, lies at an altitude of about 
7,540 feet. The Sa.n Luis Valley is the first of a series 
of basins along the Rio Grande, below its head in the 
San Juan Mountains of Colorado. 

The entire length of the valley from north to south 
is about 150 miles1 and its greatest width is about 50 
miles. The San Luis Hills, extending northeast from 
Antonito on the south to Fort Garland on the east 
separate the valley into two parts. This report deal~ 
only with that part lying north of these hills, which is 
hydrologically distinct from the south part. The 
u-ea 13overed by this re-port lies chiefly in Alamosa. and 
3aguache .::;,:;unties 0ut :pa.r·.,ly ii.so· :.n C0neJos, ·,: osrtlla, · 
and Rio Grande Counties. 

The Rio Grande enters the valley at Del Norte, on 
~e weste~ b~rder1 a.nd flows southeBSt across the valley 
m the direct10n of Alamosa1 there turning abruptly 
~uth toward the Sa.n Luis Hills, passing through them 
m a narrow gap. A low divide, located a few miles 
north of the Rio Grande and parallel to it separates 
topographically the area to the north. This area is 
generally referred to as the closed basin a.rea. The 
Conejos River, which rises in the western mountains 
flows east and then northeast along the western flank 
of the San Luis Hills to join the Rio Grande. In 
addition, there are numerous smaller streams. 

Most of the valley has a remark.ably Oat surface 
with the lowest portion along an axis near the eu~ 
border of the valiey. From this low land the viU.ley 
floor rises to the foothills, steeply toward the eut1 

and more gently t.owa.rd the west1 at first not more 
than 3 to 6 feet to the mile but gradually increasing 
t.oward the margins of the valley. 

1 By T. W. Bobll*ll Nld B. A. Waite, Otoloc:lcal SlmreJ, 
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Alamosa, the co?11ty seat of Alamosa County, is 
the largest town m the valley. According to the 
census, it had a population of 5,107 in 1930. The 
~ext largest town is Mont~ Vista, whose population 
m 1930 was 2,610. Smaller towns in the valley in
clude La Jara., Center, Del Norte, Sanford, .Antonito, 
Manassa, Fort Garland, Saguache, Moffat, Hooper, 
and Mosca. 

The entire valley floor is underlain by a body of 
unconfine~ water at shallow depth. The only large 
use th~t lS at present made of this body of ground 
~ater IS ~rom a number of standby irrigation wells 
m the agncultural area on the west side of the valley. 
These wells a.re pumped in periods of water shortage. 
Beneath th~ body of sha.l!ow ground water and sepa
rate~ from 1t by ~ confining bed lies a large body of 
artesian water, which occurs in numerous strata in the 
basin deposits or the valley fill. The artesian water 
has been developed extensively for domestic stoc' · 
and irrigation uses1 o·ver 6,000 flowing wells' ha.vi 
been drilled in the valley. 

The geology and ground-water conditions of the San 
Luis Va.lley_were studied and described by Siebenthal.1 

.~~~. 1e0l?g?. js ::"e>"iewed bv 3ryan :~ +.he 1receding 
sectmn ox tnis :report. · 

Acnowleda;ments 

The ground-water work was begun on March U, 
1936, by T. W. Robinson, assisted by H. A. Waite, who 
began work April 21 1 1936. From April 151 1936, to 
January 15, 1937, A. DiGia.como devoted part of his 
time to establishing and measuring periodically the 
depth to water in observation wells. He also assisted 
in the inventory of artesian wells. On July 171 1936, 
G. M. Dyer was assigned to the inventory of artesiu 
wells, continuing with this work until January 9, 1937. 
E. F. Taylor was employed in the period from Novem
ber 9, 1936, to Ja.nua.ry 16, 19371 to ran levels to obser
vation wells. 
. Grateful acknowledgment is ma.de to George M. 
Corlett, attorney for the Rio Grande Water Users' 
Association, for general information regarding the ue 
of water in the valley; to W. D. Carrol11 irrigation 
division engineer, a.nd Dan Jones, Jr.1 deputy St.ate 

* Piebentb•l C. E ,, Qeo1Gp Uld wllt.l!r l'IIIIOlll'1lel of the San Luis Valley, f 

ti. 8. Oeol. tl!xrftJ Wlll.el:'-SUppl:, P•;ier HI, mo. 
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hydrographer for the San Luis: Valley, for cooperation 
· ~a.ta supplied by them; to I. R. Richardson, presi-

of the Adams State Teachers College at Alamosa, 
ai... ... M. G. Hester, superintendent of buildings, for 
laboratory facilities and office space. C. R. Bollieri 
city water commissioner at Alamosa; W. F. Bowers, 
city manager of Monte Vmta; Hugh H. Collum, of 
Center; and C.H. Hall, of La Jara, furnished valuable 
information rege.rdmg the number and discha.rge of 
artesian wells in the respective towns. Special aclmowl
edgments a.re due to Grant E. Oxley, Robert E. Schwarz
beck, Homing Bros., Axel Arnell, Victor-Crow, E. P. 
Wagner, and Mr. Van Nostrand for cooperation in the 
use of their wells in field tests. Ray Wells, Charles 
Speiser, A. E. Biggs, and T. C. Shepherd, well drillers in 
the valley, gave valuable information regarding artesian 
wells. W. A. Haynes, of Center, gave freely of his 
time, spending several days in the field, in supplying 
information concerning irrigation wells. Acknowledg
ments a.re also due A. M. Collins, Howard K. Linger, 
J. H. Oliver, and Ben King, who control large tracts of 
land on the east side of the valley, for data. furnished 
in regard to artesian wells, and to the many residents of 
the valley for their wholehearted cooperation in supply
ing information at all times. 

General Ground-Water Conditions 
.etica.lly all the groU¥d water that occurs in the 

~r-bearing beds of the valley fill in the San Luis 
Valley is meteoric in origin-that is, it is the result of 
precipitation in the form of re.in or snow on the valley 
fioor and on the tributary drainage area. By !e.r the 
neater ""la.rt of ~1ie nrecinitation on -<;he drainage uea 
fails as 'mow. i p~t oi. ili.e precipitation th;t fails 
directly on the valley .door percolates downward to fill . 
the interstices of the sedimentary deposits, while a part 
of the nm-off of the streams discharging into the valley 
percolates away from the stream channels as con
tribution to the ground water. Recharge to the ground 
water from the latter source is materially aided by the 
numerous gravity di versions for irrigation. The com
mon method of irrigation is by "subbing" or subirriga
tion. In this method luge qua.ntities of water a.re 
spread over the land surface in order that they may 
percolate downward to saturate the underlying ma.~ 
terial and raise the ground-water level. Sufficient water 
is spread over the land to raise the ground-water level 
to the root zone of the plants and to maintain it in that 
position throughout the growing season. Saturation 
of the aquifer, however,. is not by simple downward 
percolation but is the rmultant of downward percola
tion in the areas of recharge and lateral percolation 
,. · from those a.reas. 

upper surface of a zone of saturation, except 

227 

where that surface is an impermeaole-1>00¥,s is known 
as the water table.9 Such a zone of saturation corre
sponds to the water in a reservoir and is often referred 
to as a "ground-water reservoirtt. Its upper surface
the water table-is free to rise during periods of re
charge or to fall during periods of discharge, similar to 
the water surface in an ordinary reservoir. The quan
tity of water represented by a rise or fall of the water 
table, however, is far less t.ha.n that represented by a. 
rise or fall of the same magnitude in a reservoir of equal 
size. The quantity of water stored in a. ground-water 
reservoir depends on the ca.pa.city of the rocks of the 
aquifer for water, as ground water occupies: only the 
interstices or voids in the rock. As in a.n ordinary reser
voir, however, the rise and fall of the water table is a.n 
index to the quantity of water which has been added or 
withdrawn. When the capacity of the rocks to absorb 
water is known, the quantity of water represented by 
a rise or fa.II of the water table can be determined. 

Over most of the floor of the San Luis Volley there 
OCCUI'S such a zone of saturation. The water that occurs 
in the zone of saturation in the shallow valley fill is 
known as unconfined or shallow water. Locally it is 
often referred to as the "sub." 

When the upper surface of a zone of saturation is 
composed of an impermeable body the water is soid to 
be confined. If the water is under sufficient pressure 
to rise above the zone of saturation it is called artesian 
water.' If the hydrostatic pressure is sufficient, the 
water may rise in a well to the land surf ace and may 
flow from the well. As the hydrostatic pressure in the 
water-bearing bed fluctuates, the water in the well 
vi.11 :1se md ·:all 1ccorriin:;ly. ~-T2lli.ke.::lucmations ·Ji 
t.he water table, these fluctuations are not necessarily 
a.n index to additions or withdrawals of ground water. 
The water moving through such a confined water-bear
ing bed may be compared to water moving througJ1 a 
oonduit1 the water-bearing bed being really a forge 
natural conduit filled with permeable material through 
which the wa.ter moves under pressure. If the cross
sectional area. of the water-bea.ring bed, the hydraulic 
gradient of the water, and the coefficient of permeability 
of the material a.re known, the quantity of water passing 
through the bed can be determined for any period of 
time. 

Such a body of ground water occurs in the valley fill 
at greater depths than the unconfined water in the 
shallow valley fill. This body of confined or artesian 
water also constitutes a ground-water reservoir. 

These two bodies of ground water will be discussed 
in order of their occurrence beneath the land surface. 

•~. O. :B.: Om&e of IP'mJld•water h}'11ruloCY wll.b debltlom: U, S. 
Oail. 8unq W~J' Paper CIM, p. lS2, 1923, 

' ldall., p. 40. 
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Unconfined (or Shallow) Groud Water 
Euent ud H1droio1ic Chuacter of the Aquifer 

.Areal ezkfll and thickness.-Valley fill is present over 
most of the San Luis Valley from Poncha Pass on the 
north to and beyond the New Mexico State line on the 
south. It is broken only by the San Luis Hills, which 
trend northeast from .Antonito to Fort Ga.rland e.nd 
form an almost complete ha.mer a.cross the southern 
end of the valley. The area to the south of the San 
Luis Hills is economically and socially a part of the 
San Luis Valley, although geologically and in part 
hydrologically it is distinct. The ground-water studies 
were confined to the part of the valley north of the 
San Luis Hills. 

In this pa.rt of the vlllley, the sbnllow valley fill is 
limi~ on the west by the foothills of the Conejos, La 
Ganta.1 and Saguache Mountains, on the north by the 
converging Saguache Mountains and the Sa.ngre de 
Cristo Range, on the east by the Sangre de Cristo 
Range, and, as already pointed out, on the south by 
the San Luis Hills. In the central po.rt of the valley 
the deposits above the confining beds are composed 
mainly of clays and sands with some gravel. Along 
the edge of the valley :floor, bordE'iring the foothills, the 
material is composed of coarse sand and gravel. Nar
row tongues of alluvium and torrential wash extend up 
the valleys of the larger streams, especially those of the 
Rio Grande and Conejos Rivers. 

The thickness of the shallow valley fill, considered 
as the depth to the first confunng bed, ranges widely 
over the valley floor. At Moffat, in the trough of the 
"J''iI!ev. ;1.ay 'Jccurs 'lt ~ depth of 1.bout -~O :eet. :n 'he 
vicllllty 6i. Swede Comer, 13 miies west ;i ::Viorlat, it 
occurs at depths of 10 to 15 feet, and in the Nash well, 
about 5 miles east of Moffatt Siebenthal 5 reports yellow 
clay at a depth of 85 feet. On the Rio Grande alluvial 
fan 9 miles southwest of Centert the irrigation well of 
E. P. Long, in sec. 41 T. 39 N., R. 7 E.1 penetrated 
gravel and sand to e. depth of 90 feet without encoun
tering any clay beds. At the G. E. Oxley irrigation 
well, in sec. 13, T. 39 N. 1 R. 8 E. 1 a.bout 9 miles ea.st of 
south from Center, clay was reported at a depth of 50 
feet. In the vicinity of Hooper, the first clay bed of 
consequence is reported from 80 to 90 feet. The depth 
to clay is reported as about 60 feet at Monte Vista, and 
about 50 feet at Pa.rm.a, 6 miles southeast of Monte 
Vista. In the vicinity of Alamosa, clay beds have been 
encountered at depths ranging from 15 to 40 feet. In 
o. well near the Bowen School, in sec. 34, T. 37 N ., R. 
8 E., a bed of blue clay was struck at a depth of 30 feet. 
About 2 miles southwest of the Bowen. School, Sieben· 
th.a.I I reports hard clay at 60 feet. At the State fish 

I Bl8bcltllal, C. E., OIIIO!off ud ftt« - of the Sall Lula VallliJ, Colo.: 
U. S. Oeol. Survey Water-Suppl:, Paper 240, p. 79, 1910. 

I Jdenl., p, w. ' 

Rio Gran~ Joim lnvutigation 

hatchery, half a mile south of La Ja.ra.1 clay was ""!

countered at e. depth of 30 feet. In the town of St 
clay was found at 32 feet, and e.t Romeo at a de:i. & 

17 feet. A test well in Antonito, near the apex of the 
Conejos a.lluviaJ fan, encountered lava rock at a depth 
of 50 feet. The foregoing figures give some idea as to 
the thickness of the shallow valley fill in various parts 
of the valley. 

Relation to the artesian aquifer.-Benea.th most of 
the valley plain the ground water in the shellow valley 
?-" (shallow water) is separated from the ground water 
m the deep valley fill (artesian water) by beds of imper
meable or only slightly permeable clay. Along the edge 
of the ve.Ue~ floor and opposite the canyon mouths, 
however, this clay parting feathers out for wells 
drilled far up on the alluvial fans and o.I0ng

1 

the edge of 
the vall?Y floor do not pass through clay beds .. Deep 
wells drilled farther from the edge of the vaJJey and in 
the interior of the valley pass through one or more clay 
beds. The log of the well drilled by the Denver & Rio 
Grande Western Railroad at Villa Grove, on the alluvial 
fan of S.e.n Luis Creek, indicates that the well penetrated 
960 feet of gravel and sand with no clay.7 On the Rio 
Grande alluvial fan, a pumped irrigation well (No. 
12J4Gl) owned by E. P. Long penetrated 90 feet of 
sand and gravel. A dry hole in the southwest comer 
of sec. 6, T. 36 N., R. 8 E., on the alluvia] fan of 
Creek, is reported to penetrate coarse gm vel and 
to a. depth of 163 feet. 

Siebenthal 8 reports several wells along the ea.stem 
margin of_ the valley in which no clay beds were en
countered. as follows: 

. On :;he 3a.cs ;rant, J. .:'.liile ::ind J. quarter ,outhw~st .:ii :he 
village (Crestone) in the fork of North and South Crestone Creek, 
a. bore went 410·feet in boulders. On Dead Man Creek a. bore 
1,100 feet deep wu all in sand. At the W'lllie Hansell ra.ncb 2 
miles northwest of Baldy station, on the Denver .t Rio Grande 
Bailioad, a number of wells have been bored just about at the 
margin of the flowing-well a.rea. One in the NE~ sec. 17, T. 37 
N., R. 12 E., is 500 feet deep, reported all in sand. Near the 
m.iddJe of the north side of sec. 10, T. 37 N ., R. 12 E., a. well iJ1 
report.ed 300 feet all in sand. Near the middle of the west side 
of ooc. 36, T. 38 N., R. 12 E., a well 300 feet deep iJJ sand and 
gravel. 

.Although well logs are not available along the entire 
margin of the valley, it seems probable that there is a 
strip of the valley adjacent to the foothills that is 
underlain by little, if any, cloy. In regard to this strip, : 
Siebenthal 9 says: i 

Though it is evident that the clay beds of the w&u-r-1:Je.arl11g 
11eries are replaced at about this point by sand a.nd gravel, it ial . 
not likely that they terminate so abruptly. It is probable tut j 
amall clay beds have been overlooked in the wells uear the edge ' 
of the Bowing-well area. 

'Op. dt., p. 100. 1910. 
• ldmn, pp. 100-101., 
• Op. dt~ p. 101, 
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'be ground water in this marginal strip is unconfined 
is the source for both the shallow and artesian 

water of the valley. From this common soW'Ce1 the 
ground water moves laterally toward the valley, part 
of it passing beneath the clay beds to become artesian 
water and pa.rt moving out into the permeable materials 
on top of the clay beds. 

General iharacter of tM materials.-The material 
which forms the shallow valley fill ranges from silt to 
coa.rse gravel. The :finest material is found in the trough 
of the valley, particularly in the closed basin area, 
whereas the coarsest material is found in the alluvial 
f a.ns and outwash slopes along the edge of the valley. 
Large alluvial fans have been built by the streams en
tering the valley from the west side, the largest being 
that built up by the Rio Grande. Pronounced fans 
have also been built by Gato, Alamosa, and La Jara 
Creeks and by the Conejos River. .Along the east side 
of the valley the alluvial fD.llS are not large, but a.re so 
numerous that they coalesce a.long their lateral margins 
to form a steep, gravelly alluvial slope, skirting the foot 
of the mount.a.ins. The alluvial fans on the west side 
of the valley a.re much flatter a.nd more extensive than 
those on the east side. 

The difference in the shape and size of the alluvial 
· on the east and west sides is due to the difi'erence 
Je eh.an.ct.er of the streams entering the viilley. 

.u.1e streams entering from the west head far back in 
the mountains and receive the drainage from innumer• 
able tributary streams and canyons that drain extensive 
areas of high altitude and heavy precipitation. These 

. 3tresms il'e :nuc:J ;ent1er in-p-3.aient· tlrnn ·-~ose ~nr.er
i.Dg the valley from the east, but they discharge floods 
of much greater volume and duration ·and consequently 
a.re capable of carrying large loads of detrital material. 
The detritus is not heaped about the mouths of the 
canyons but is spread widely, some of it being carried 
several miles into the valley. 

Streams entering from the ea.st side a.re steeper and 
shorter and do not receive much drainage from tribu
taries. .Although they head high in the mountains they 
do not drain extensive areas, and the precipitation is 
not u heavy a.s in the drainage areas of the western 
tributaries. Consequently the floods are flashy, and 
most of the detritus is deposit.ed near the mouths of 
the canyons to form steep alluvial fans. 

The coarsest material, consisting almost entirely of 
poorly &flSOrted gravel, is found at the a.pices of the 
alluvial ff.I.WI. In general the material in the west-side 
fans is coa.roor than that in the east-side fans. In the 
uoper part of the west.side fans it is not uncommon to 

~avel as large as 8 and 10 inches in diameter, 
eu in the east-side fans gravel of this size is not so 

common. ·Toward the lower end of the fa.n.s the gravel 
2145-111 10 
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becomes progressively :finer. In the central trough of 
the valley only small amounts of gravel are in evidence, 
by far the luger po.rt of the valley fill being composed 
of sand, clay, and silt. 

Some idea as to the character and distribution of the 
material that makes up the shallow valley fill is fur
nished by the following two tables of well logs, consist
ing entirely of wells that were bored to determine the 
depth to the shallow water. 

T.bldt· Deptb 
Well number &11d IOI Dllll!I (l'eet) 

(feet} 

AM32Nl-~-:ia~ 
Clay an l1llll .•••• 4.D 4.9 
&and and clay •••••••• .4 a.a 
Sand ud irravel.. ••••• 1.4 6.7 

IIJ[HDJ: 

~it~~::::::::::: 2.0 2.0 
1.6 8.11 
.a 4.0 

fl:B:17DJ: 
Black Soll.. •••••••••• 2.0 2.0 
&Jidy aoll. ••••••••••• LO 3.0 
Gravel ••••••••••••••• 1.0 4.0 

llLlDl: 
.Adobe aoU wUh 
Fl:bblea ••••••••••••. e.a e. 3 

uiand •••••••••••• .2 11.i 
ISUBl: 

Bandy clay IIOIL ••••• 17, 0 17.D 
Se.nd •..••••••••••••.• 1.0 18. 0 
Clay ••••••••••••••••• (r) (1') 

SURI: 
.Adobe soil •••••••••••• 3,6 3.6 
Ftne ll&tld •••••••••••• 

6Lt9Bl: 
,6 ,:o 

.Adobe soil •••••••••••• 8.0 3.0 
&ll ud fine lllUld •••• 2.1 6.1 
Onvel, medhun to 

ooune •••••••••.•••. I.& e. 7 
tL28NI: 
f .,dpoe;)r,;!im ~iL ... :. g :. ) 

:la.tidy JOil ............ ... .l_-, 
Qmvel, medium t.o 

IIOl.l'l!e .............. 2.2 6. e 
W3BI: 

Adobe aoll. ••••••••••• 6.0 5.0 
Fine lllUld •.•••••••••• .& a.i 

OM6Bl-(X-31): 
Clay ................ 4.0 4.0 
Clay, JOme 1111.Dd and 

anivel .••••••••••••• ., '-' Bai:id and IP'IIVel •••••• 1.4 6.3 
8M71U-(X-23): 

Clay ..............•.. 4.0 4.0 
lland !Uld clay •••••••• 1.3 6.3 
Band and pea ll'l!vel..- 1.3 11.6 
l!ILild. ····-··········· ,7 7.3 

GMlllAl-(X-22}: 
Clay •••••••••••••••.• 4. 4 4.4 
Sand a.lid clay •••••••• .6 a.o 
&11:ld ••••••••••••••••. 2.7 u 

eMlUU-(X-21): 
Cla:,r ................ '-6 4.11 
l!uid and clay •••••••• .4 5.0 
Fhle ydlgw l]'I.V&l.. •• L7 8. 7 
&and.···--··········· ,6 7.ll 

WJ8Ml: 
Sandy soD. ••••••••••• 2.0 2.0 
Sal:ld. •••••••••••••••• 2.0 c.o 
Onvel .•••••••••••••• .II 4.ll 

ellUCllU-(X-20): 
1.4 Clay ••••••••••••••••. u 

ll8Dil and clay ••.••••. :u C.3 
9and 11.Dd~ araw •• :u 7.2 

IMIIUU-J -IQ): 
ClaJ III !fflmbo ••••• u u 
Sandy clay ........... u c.o 
Sand ••••••••••••.•••. 1.1 6.1 
S&Dd and pea r;ravel .. u 7,4 

11Nl1ID1: 
~clay ••••••••••• 3.0 s.o v:~ an. 111.11d... ••••• e.o 11.0 

7Xl l-(E-41): 
BAildyclay ........... U: LIi 
Clay •••••.••••••••••. 1.8 a. '7 
Clay,IIIIDd,llldgn.veJ u 5.0 

Well DWD her 111f. IOII 

71:1:?Rl-(E-8): 
Fb:le IWld nd clay 

loanL .•••..••.•... 
Fino l!alld and small 

gravel •••••••••••••. 
Sand a!ld l!"Bftl.. .••. 

7lr3N 1-(E-H): 
Bard clay •••..••••••. 
Clay, iffltld, and 1P11V• 

el ••••• -·-·········· 
7ll:4Nl-(E-12J: 

Clay llllllllo ••••.••... 
l.&:p CU\'el ud 

land ••••••••••.••••• 
7lr11Nl-(E-14l: 

&md, loam, and 

c&':.''~;ii;-;t"ones~: 
7.IUAJ-(l!'.-13}: 

Clay •••••••••••••.••. 
Sand ••••••••••..••... 
C'lay ••••••••••••••.•. 
Saild and clay ........ 

7XlOA.l-(E-lO): 
Clay ••••••••••.••.••. 
Sand and r;ravel. ••.•. 

7XllllU: 

~i~J:::::::::::: 
7XZ5Al: 

Adobe ••••••.•••..•... 
Finelmlld ............ 
Coanesa.ud •••••..••. 

7lr30Dl: 
Sai:idy son ............ 

7K/13Rl: 
Clay ................ 

=~~::::::::::: 
7Ll !U-(E-2): 

Clay loam •••• - ••••.. 
Heavy clay ........... 
Clayey Slllld •••••••... 
Sand and pea i:raveL. 

7L2RJ-(E-3): 
Ji'1?le Ill.lid a.nd elay •.. 
Sand ••••••••••••••••. 
Cm:,, ••••••••••••••••• 
F1De1SaDd •••••••••••. 

7L3Rl-(E-4): 
Chl7 ••••••••••••••••. 
Bandy clay ••.•..••••• 
Cll8l1II! sand._: ••••••. 
Blue IIUid ud pea 

gravel •••••••••••••• 
7UlU-(E-ll: 

Clay ••••••••••••••••. 
Band •••••••••••••••.. 
Band and Ja crareL 

7LSR1-{]H): 
Clay ................. 
litaTy black clay •••.. 
Clay,lllllld, 1r1d ll:l'lll°el 
Bud NJd aina1I iiravel 

7L?A1-{E-7~ 
Sanded e y •••••••• 
Be.ad ••• · •••••••••••.. 
Sand Nld fl'&vel. •••• O 

7tzae1: 
Adobe ••••••••••••••.• 
Fme Sltlld •••••••••••• 
O:ravel, medltm1 •••••. 

Tbkk- / Depth 

/t::) (feel) 

2.3 2. 3 

I. 7 i.O 
2. 7 I!. 7 

3. 0 3.0 

2. 0 5.0 

u 1.G 

2.6 4.1 

8. 2 8.2 
:u !2. l 

2.8 u 
l.4 4.2 
1.3 6. 5 
2.3 i.8 

2. G u 
3. & 11.2 

'?.O ~.O 
...... ,.!. 

2. 5 2.5 
2.0 •. 5 
2. 0 u 
2. 5 2.5 

LO l.O 
6.0 11.0 
l. 7 7. 7 

l.l 1.1 
Lll 3.11 
u u 
2.l u 
l.3 1.3 
4. 5 u 
.5 11.3 

:s.o 11.3 

1.2 l.2 
3.0 ,. 2 
2. 2 0.4 

3.8 JO.O 

1.8 1.8 
:u u 
11.8 111.0 

2.4 2.4 
.I 2. 7 

2.S 6.0 
2. 2 7.2 

2.4 2.4 
l.2 3.15 .... a.o 
2.0 2.0 
ll.4 ••• ... 2 u 

CO- 003182 
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TABLE ].-Logs of ob#miaiimi wells in the closed basin o:rta
Continued 

Well uamblr and Jq 

7MM.l-
(X-18• E-l• F-l): 

Blue clay ••••••••••••• 
Saod &lld clay .•••••.. 
1-'lne aand •••••••• ----

7M5RJ-(F-2): 
Clay .•••••••••.•••••. 
Sand ••••• ·---- ---- .•• 
Clay .••••••••••••..•. 
Sand .•. --------·· -- ·-
Rud and pea gravel.. 
Band •••••••.••• - ••••• 

7M8NJ-(X-l7l: 
Clay lOIIDI, lla:hL •••• 
Clay.··-············-
Claf:y S8Jld .••••••••• 

7Ml0 l-(F-3): 
Clay (adobe) ••••••••• 
Fine saad •• ··----···· 
Silty blue clay •...••.. 
Sllty Clft)' .•••...••..•. 

7:MIO!U-(F-4): 
Fine eaod •••••••••.•. 
Band ................. 
Clay, aandy ••..•.•••. 
Fine blue !land ....... 

7Ml1Jll-(F-5): 
Sand; v11ries (1111me 

eblyisb) .• ··••·•••·· 
7Ml2Al-{F-ll): 

Sand .••••••••...••••. 
Sall•!, some IJ'IIVeJ •••. 

7M20Cl-(X-16): 
C'lay loam •••••.•••.•• 
Clay gumbo ..••..•••. 
Clay and sand •••••••• 
Clay ................. 
Flllli sand ............ 
Clay ••••••••••..••••. 
Salld ................. 

7M20Pl-(X-l5): 
Cmy loam_ .......... 

~i:: :::::::: :: :::: 
Clay 111d sand .•••••• 
lland ................. 

7M21ltl-(X-14): 
Fme sandy loam ••... 
81111d ................. 
Sud and cla~-----·· 
l!alld,10me(' y ••...• 

7M27Cl: 
"loll. hro..-o .....•..... ., .,; . "• 
,.~ ;!;~u~ ~:~---:~~:· 
.'.tedJwn sand, no 

7NS~~/F-.:ii:····-···· 
Sa!ld,some gmveJ .... 
&lid •••••••••••• ••··· 

7NlORI: 
Adobe .............. .. 
f lne sand •••...•.•... 

WUU: 

c~ra:s.~~-~=~~-
Buld ••••••••••••••.•. 

11122Cl: 
Soll, blacll: sandy ••••• 
Gravel, coarse •...•••. 

11.12&.A.l: 

8:~~::::::::::::: 
11130:l: 

Loam with pebbles .• _ 
Gravel 111d boulder,. 

H::llll: 
Sand,.- aoll.. •••.•• ··-. 
Bud, medium to 

m~-------·····-· 
lllDl.AJ: 

Adobe ••••••• ___ ••• ·-. 
J'me IIIDd •••••••••••. 

9][ifHJ: 
Brown lilt loam. --· .. 
Fllle brown 111.11dy 

llllll ••••••••••• - ..•.. 
Sand, medium lo 

--········-····, 
!ILUlAl: 

Clay IIQIJ.---·····-··· 
v~ fine IIIU!d,_ ye1-_ 

Floe liilld- ••••••. ···-

Thidr• -ONO 

5.8 
.7 

3. 6 

3. 2 
I.II 
.3 

2.9 
J. 0 
l.O 

l. 5 
2.5 
LS 

.7 
5. 7 
26 
1. 0 

3.3 
.7 

1.3 
3. !I 

IU 

a.11 
4. 4 

I. t 
2. 2 
.7 
• 4 

2. 0 
2.1 
1. 2 

2. 0 
1.0 
3.9 
.6 

2. 5 

3.JI 
3.6 
.3 

2. 5 

'.._5 

• 8 

8. 0 
2. 0 

2.0 
2. 0 

7. 5 
. l 

3. 0 
15. 0 

2. 0 
2. 8 

2. 5 
lJl. 0 

11.0 

4.0 

l. ~ 
2. 0 

2.0 

:u 

•• 
2.6 

3.0 
1.0 

Deplh 
(leet) 

5. 8 
11.5 

JO. 0 

3, 2 
~.8 
5.1 
~- 0 
Q. 0 

10.0 

t. 5 
4. 0 
5. 8 

• 7 
11-4 
9.0 

10. 0 

3.3 
4. 0 
5.! 
11.1 

8. 4 

S.11 
8.3 

1,4 
3. 6 
4. 3 
4. 7 
8.7 
8. ~ 

10. 0 

,. 0 
3.0 
6.9 
7.5 

10. 0 

3. 6 
7.2 
7.5 

10. 0 

1. 5 

Li 
G.6 

8. 0 
10. 0 

2. 0 
4.0 

u 
7.8 

a.n 
IIS.O 

2. 0 
4..8 

2. 6 
17. 6 

3. 0 

7.0 

l.~ 
3. 5 

2.0 

5. l 

6.S 

2.5 

5. 6 
e.a 

' 

Well umnber ai:id lot: 

IIL27AI: 
Sandy loam .•..•••••. 
Fine lllllld ..•••••••••• 

~L33Pl: 
Lciiiull ••. -···· .. ---··· 
Gravel, medium to 
--·······---··· gl.336l',J: 

Loam •• ··········---. 
c-111nd ••.••.••.. 

!IM:?Cl: 
Sandy aoll, bro...-:a ..•. 
Fine 1111I1d •••• --------
D11rk znen Wld .••••• 

11M5Bl-(X-13J: 
Sedy clay, loe.m •••.• 
l"1ne sand ..•••..••••• 
Clay sumbo •••.•••••• 
Sand ••••.••••••..•••• 

v:i,n:in-ai:-12): 
Smid clay loe.m ••••••• 
Bandy clay ••••.•••••• 
Plue sill}' clay S8Jld .•. 
Sand •••••••.•••..•••• 

gM8Jl-{X-lll: 
Sandy clal.···· ....... 
Clay, an .......•... 
Fine lllllld and clay .•• 
Smid a:id clay •.....•. 
Salld and pea l!fllVel •• 

11M14Bl: 
Sandy IIO.ll.. •••••••••• 
Fine sand ..•••••••••. 
Fillll 111ndy cla1· •••••• 
Gravel, med!U!D •••••• 

9Ml71l-(X-10): 
Clay lo&m, aome sud. 
BNd nun sand and 

S:l 11.Pd pea &ra'l'el •• 
Coam land ....•••••• 

OM:20.ll-(X-il): 
ll'tM ..,,d Bild a little 

clay ••••••••••.••••• 
Coarse sand and pea 

IP'l!.'l'el ••••••••••.••• 
Coane blue ISIIIld 111.11d 

clay ................ 
11M32.Al-(X-ij: 

Clayey 18lld oam •••• 
Clay a:ad sand ........ 
Balld .•••••.••••..•... 
r::oarse Sl!llld and pea 

I ~aiid'\"',eh -~ -------- -: -- ' 
!IM32Rl-(:X-7): 

!!and ai:id J)88 g1'8'1'el .• 
&md ................ . 
Come sand aDd pee 

rravel ··-········--· 9N8Ml: 
F!:ae saud ........... . 
Clay ••••••••••••.•••• 
Silt dlll'li: (some vere, 

table matter) ••.•••. 
IIN::1701: 

Sllldy aotl •••••.•••••• 
Fine dart cray sand •• 

9N211PI: 
S&lldJ IIO!I ••.••••••••• 
P'llle sand: yellow .••• 
1'b:le sand; dart lll'llY. 

~J.:.nd .•••••..• ---
1oxaD1, 

Sandy aoll ••••••••••.• 
.Adobe. •••••••••••..•• 
Fine aand •••• --- ... __ 

10B:6Nl: 
Sandy soil. ••••••••••. 
Gravel .•••••.•••••••. 

lDX12A1: 

~!:Jl:::::::::::: 
lOKlftAI: 

1-m soll. brow11 ...•• 
~tomedlum. 
1: 

111111 with peb· 
Im .••••••••.•••. ·. 

Onivel ••••.•••••.•••. 
IDEJlRl-{D-12): 

Salld, c:layey •••• ·-· .. 
Oravel •••••••...••••• 

Thick· 
Dess 
(feet) 

2.5 
J. 5 

2.0 

l. 5 

2.5 
1.5 

2. 5 
5. 7 
.!I 

l. 2 
6.8 
I. 7 
3.1 

J.0 
,. 2 
2.8 
3.G 

I. 7 
l. g 
2.0 
2.0 
2. t 

1.11 
5.4 
7.2 

(?) 

• 7 

2.3 
2,4 
3, I 

5.3 

3. 7 

l.O 

2.4 
.6 
• 6 

3 
:.3 

3.4 
l, 6 

5.0 

5.0 
l.S 

u 
f.O 
2.0 

3.0 
2.0 
2,0 

10. 0 

1.0 
1. 0 
2.0 

2.5 
2.0 

1.0 
2.1 

3.0 
1.6 

1.0 
2.. 

:u 
1.6 

Der,th 
(feet) 

2.6 
4. 0 

2. 0 

3. 5 

2.5 
4. 

2.~ 

0 

2 

2 
0 
7 

8. 
11.l 

l. 
7. 
8. 

12.4 

l, 
!. 
8. 

0 
2 
0 

ll. g 

l. 
3. 
5. ,. 

JO. 

l. 
7. 
9. 

(') 

3. 
5. 
8. 

&. 

9. 

10. 

2. 
2. 
3 • 

7 
6 
6 
6 
0 

g 
3 
5 

7 

0 
f 
,5 

a 
0 

0 

4 
g 
5 

• .. 3 
-3.: 

3.4 
5. 0 

10.0 

Jl.0 
11.S 

u 
4.0 
11.0 

3. 0 
5. 0 
7. 0 

10.0 

1. C 
2,0 
4.0 

2. ~ 
(. 5 

3.0 
i. l 

3. 0 
4.6 

l.0 
3. 4 

3.5 
6.0 

Rio Grande Joi11t l1lfJeBtigatio11 

TABLE 1.-Logs of ob#~ ~~ clo&ed baafo ar,A
Continued 

Thick-
Well nm:aber and log DUS 

creat) 

lObRl-(D-10): 
Salldy loam •••••••••• • 8 
Clay ........... -••••. 2.0 
Sand t:radm1 to pea 

IO][~~{i)::ii): .•••• 2. 9 

Sandy !OIi.iil, aome 

~;~}:::::::::::: 2.3 
l.3 

Sand and small STa ,·el 2. 6 
l0L14D1: 

S&lldy soil ••••• --····· 1.0 
Fine aand •••••••.•••• 2.0 
MedlUDl ooane anvel. 1.0 

lOUORI-(D-7); 
Fine sandy loam •.••• .4 
811Dd and 111"8Vel •••••. Le 
ursuravel, sand •••• 4.1 

111L28Al-(D-4): 
Sand &nd gravel to 

walnut slze ••...•.•• ... ~ 
Sand lllld smal.l Bn!Vel 2.9 

101.27,U-(D-5): 
Sa:idy loam.·-··----- l.2 
Sudand~vel 1.8 
Balld and~ •.••.• 3.5 

JOL28Al-( ) : 
Clayey sand e:ad 

111"8V8l ••.•• --·· -···. 2,8 
Salld e:ad 8-lvel. •.••• 2. 2 

lOL30.AI-( -8): 
Sandy loam ••• ---·-·· 3.5 
Sand.--·······-····-- 1.6 
Salld a:id J!ru·el----·· J.5 

lOL'lODJ-(D-9): 
Sandy loam_ ••••••••• 4.5 
Sand ••••••••••••••••• l.5 
Slllld and pea graval •• 2.3 

10L33Rl: 
Sandy soil •••••••••••• 3. 0 
Come IJ'll'i'el.... •••••• 1.8 

1011.1:ilAl: 
Adobe soil, browll •••• 2.0 
Fme sand.------·-- .. 2. l 
Gravel, medium •••••• 1.8 
8andycla&:r:D •••• 1.11 

10M4Nl- ): 
Sandy loa.m. ·······-- 11.2 
Sand, little 11t1vel •••• 2. 8 
Sand and ~vel. ••••• ll.l 

10Ml6Dl- -6): 
Budy IOIIID 11.:tld small 

~vel·--·-·-·----··' 1. 5 
3,wd .JJlo:I =ail :;ravel 'I;. ~+ 

:0M16Nl-i.X-I): 
Band 11Dd small cravel 2. g 
Clayey sand .• _ ....... .!I 
SQd all~ 111"1\'el_ 4. 0 

lOM:llDI -3-D-l): 
Salldy loam ai:id s!Il.11.ll 

an.ff.I ••••••••.••••• 1.0 
lwld Blld~nJ.. ___ 3.5 

lCM32Al- -2): 
Sand and loam and 

JJell l!'IIVel.. •..••••. 2. 5 
Saud IIDd small ll:l"ll'l'E] ], 7 
Sa.lld Md~ [m!.Ve! •• 3.7 

10M32Rl- -l•C-1): 
Sandy loe.m 11.:tld pea 

a;nnl .............. 5.4 
lwld and clay ...... ., .6 
Salld Ind pea gravel 

(ooeulonally) •••••• 3.5 
10M331U-(C-2): 

Band ••••••••••••.•••• 8. 2 
Clay •••••.•• -···.·--- .3 

10N31Nl;;ie-3): 
FIDe N.n y loam._ ••. l,O 

~l·-··------··-·--
.8 
.5 

Gravel and sand ..•••• 3.1 
nlUJJ: 

S&lldy soil_ ........... 2.0 
OraYel •• _ ............ 2. 7 

Uk6El: 
Ora'l'el.. ••.••.....•.. 3.0 

1ll!l:13Rl: 

=~!1~~:::::::::::: 1.5 
3.0 

lll!l:J6RI; 
Balldy lltlll with J)l'b-

bles ••.• -•.....•.... 1.0 
Coane u·el .••.••••. 3.5 

Deptb 
(feet) Well number and Joe: 

UK33AI: 
.s Oravel e:ad soil.-••••. 

2.8 Onavel. ······----·---111AM1: 
5. 7 Salld; so!L ......••.. 

Sand •••..••...•••.... 
llL20Al: 

2. 3 Band IOlJ ............. 
a.6 Gravel, medium to 
6. 2 coarse •• -- .•.•.••••• 

l1L23DI: 
1.0 Sand and gravel. •.••• 
3.0 11L24.AI: 
4.0 Sandy sou ••••.••.•... 

Fhie sand .. ----------
.4 llL30NI: 

2. 0 8111.lld:; IOIJ •••.••••••.. 
6.1 Gravel ............... 

llI.33Dl: 
Sandy IOU •••.•••••••• 

... 5 Coarse r;r&veL.-••••. 
7.4 l1L35D1: 

1.2 ~:~f.-::::::::::: 
3.0 Oravel, line .••••••••• 
6. 5 UL3Ml: 

Sandy aoU ••••••..••.. 
Pine sand···---·----· 

2.8 llMlD 1-Jc.-4l: 
5.0 &lldan somegr11-rel. 

Clayey sand .......... 
3.~ Sand_ ................ 
5. l 81111d and mllUl g:r&-rtl. 
6.8 llM2Dl-(C-3~Y-I): 

Band loam, aome 
4.5 

8
~vel. ••••••••••••. 

fi.O 
8.3 UM6Nl: 

Brown sandy soil ••••. 
3.0 llMIOAl-(Y-2): 
4.8 Bai:id loam 111:1d small 

gn,.vel. ---········--
2. 0 Band and ocea&!mial 
4. l eai:3.~~~!:::::::::: 5.11 
7.8 J1MI3R1-(R-8): 

sm a1:1d sand .••• , •••. 
3. 2 Coone sand._ .•••••.• 
6. 0 UM14Dl-(Y-3): 
11.l Sandy IOllm •••••••••• 

&nd ...•••••• _ ••...•• 
UM21Dl: 

,3. ~ B&:ad; soll ••••....•••• 
. ": ~. 3 • Flnesa:ad .. - .••...... ; 

11M22Rt-(Y-5): 
2.D Sand and l!fll'l'el 
~.8 (loain ) ________ •• ··-· 
7.8 Bandy clay •••..•.•••• 

Band 11:tld i.ravel.. .... 
UM23Dl-{Y-4•R-10) 

3.0 Fine 1111Ddl' loe.m and 
6.5 sma.11 irram .• ------

Sand and gravel ••.... 
Band and~ rrevel.. 

2. 5 11M27Rl- ~): 
4. 2 Fine B11lld loam and 
7.9 11 lltl.le l!fllt-eL.-•• 

Smd 1111d en, vel •••••. 
llM29Rt: 

5.4 8andy eoU •••••••••.•• 
6.0 Fine l!lllld. ----·· ---·. 

11.5 
UMMRl-(Y-7•A-ll: 

Sll.lld loam 11.:tld small 
craveL ••••••. -.•... 

1!.2 Band Bild lll'JII J!"ll'l"el •• 
8. 3 Sand and ~vel •••••• 

UM36Nl- A-2): 
l. 0 Bandy lo&m .. ··-· •••. 
l,11 8&%1d IUld J)ell BffiveL 
2.1 Gra?el ••••••••••• --.. 
5.2 llMBJIRl-(A-y 

Sll.lld (sample ·····--· 
2.0 Band Ind i_m!.vel .•••.• 
'· 7 

Band __ •••••••••••••.. 
U.N5Rl-(C41J: 

3.0 Jl'lne Slllld •••••••••••. 
Sll.lld ..• ---------- •••. 

I.& 11N6!U-(C-8): 
,4,5 P1lle lllllld ............ 

Sll.lldy clay •.•••••••. 
Ji'me clayey lll!IDd, 

1.0 !D'llell·--········· ... 
4.5 CoamSBlld ••••••.. 

CO- 003183 

Thick-
lle:53 
(feet) 

2.5 
2.0 

l.O 
2.0 

3.0 

u 
5.0 

u u 
1.0 
8.0 

.2.0 
l. 7 

u 
2.0 
u 
7.a 
2.0 

1.3 
I.I 
u 
2.4 

a.a 
6.0 

11.0 

3.~ 

2.5 
u 
:I.O 
3.2 

s.o 
7.0 

'.. 5 
. ;, 3 

u 
1.2 
2. 5 

2. 7 
. 8 

•• 7 

u u 
1.0 
u 

a. 
i 
2. 
4. 
2. 

a 
i. 

·-I. 
1 
I. 

$. 
2. 

a 
8 
7 

0 
0 
4 

8 

• 0 

0 
8 

4 
2 

6 
8 

~Pth 
(lee!) 

2.5 
u 
11.0 
5.0 

3.0 

7.3 

6.0 

u 
8. 8 

l.O 
f.O 

2. 0 
3. 7 

2.8 
4.8 
u 
u u 
l.3 u ••• 11.B 

1.8 
u 
a.o 

2.0 
7.1 

I.O 
10.C 

u 
u 

u 
u 
7.2 

2.7 
I.& 
u 

u 
1.0 

1,0 ,.. 
u .... 
I.I 

:u 
u 
1.4 

as 
u 

111.0 

4.0 
u ... 
:u 
u mo 

i 
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TABLE 1.-Log, of obsermtion wdu in the do,rd be.in area
Continued 

Thldc· Depth Thick· Depth ,•,ell 11umber and q D11111 Well llWDOO and Joe -{Mt) (Mt) (feel) (fei!t) -
UN6N1-(C-6): 12x12 .. u-(B-ll): 

Sand •••••••••••.••••• u 1. & Sud:, loam •••••••••. u l, 5 

=~~stlil"iciam: ]. 3 2. 8 ~ ':del.a··uiiii," .. J. 9 
l.( t.2 

Clay •••••••••..••.••. .ft 4.1 l!l'aVel •••••••••••••• 2.; 4.8 
Co,,n,e Slllld •••••••••• 2. 6 7.t Gravel and ll8.lld •••••. 2:.4 7.0 

UN9D~(C-7J: 12KUR1: 
Clay.----··--····-··· f.O 4.0 Adobe •••••••••••••.•• 2.0 2.0 
Clay, llll.lld)· •••••••••• I.S 6. 5 Sand, Dlll!dh.ll:tl to 
Sand.···-·---··- ..••. I.I 6. 6 eoar,e •••••••••••••• 1.8 11.8 

UNlllD~(C-ll); J2Kl5Nl: 
Sa11d•loam, clayey __ •. 1.2 I. 2 Adobe soil with pell-
Ba.lld day ••• -·-·····- 1.8 3.0 bJe.,_ ..••••••••.•••• 2.0 2. 0 
Sand: some clay ..•••. 3. 7 11.7 Bandy adobe sou. ____ 1.0 3.0 

11Nl4Dl-(C-JO): Gravel •••••••••••••.. 1,0 4. 0 
Fine sand ............ 4. 0 4. 0 12L1RJ-(13~): Band 111d clay ••••.••. 2.0 6. 0 Sandy loa.m, l!llruJI Clay •••••••••••••.••• .6 11.ll 

s.~r~:=::::::::::::: 4. 8 4.8 Sand ................. 3.f 10.0 2. fl 7.4 11Nl7NJ-(R-7): Sand and sraveJ.. •••• 1.3 8.7 Sand .................. :u 3.$ 
Coarae RDd •••• ___ ••• 3. 5 ,.o 12L2Nl-(B-7); 

UN22El-(R~): Sai:uly loam ••••••••.. u u 
Clay ................. HI 4. 0 8Md •••..•••..••.••.. 2.5 6.0 

uiJ1ti'l~1{::j····d,: .5 ,. 5 Sand and ftDe era veL 3.0 8.0 
12L2R 1-(B-4): 

nro:ved bl Jll34J: Sandy loe.m ..••••..•• 1.0 1. 0 
Baod ................. u u Flne ll&lld •••••••••••• 2.0 3.0 
Baady cl.al···--·-··- 3.0 .. ~ C-.saDd .......... 4. 5 7.& 

llN26lH-( -2): 12URl-(B--a): 
Sandy •••..••••....••• 4. 0 ,.o Sandy loam $lid small 

UN38Dl-(R-3): gravel ..... __ ••••••• l.5 l. s 
Clayey 11111d •••••••••• 3.5 3. 6 Band and pea ~vel •• 4.2 !. 7 
Sand •••.••••. ·----··- 2.3 5-8 Sand and gra nl.. ••.. J.9 7.6 
Lll:uy hardpan ....... .5 6.3 12LlRl-(B--II): 
F111u.lltr BlllHl.. ••.•. • 7 7,0 Sandy loam .......... 3.5 8.5 

11N27Bl-(R-I): 8flD.d aIJd STSTel, 
Su:id, 110J11e elar on llllall •• ···-. ---· ---· 3.8 7.3 

J:!::,c:::::::::: 
:u 3. 5 Coane 81Llld t.nd 

.5 4.0 1111,Te] •••••••••••••• 1.8 9.l 
• 5 4. 5 12L7 A3-(B--JO): 

tlli33Nl-(.A-5): Sand lo11m &11d small 
~d. -· ······-··-·· -· .D .11 sravel. ••••••••••••• 2.0 ,.o 

1,...,..,-.,._.,..,,,_---- ... ~-m _g 1.8 SD.lid a.nd crave!. •••.• a.o a.o 
j ................. 3.9 5.7 Band &lld atnall 

,d ud llm gravel •• 8.1 U.4 t?aVeL ... ---- ...... 2.2 7.ll 
••• ,QRl-(A~J: I2Ll5Rl: 

Clay loam •••••••••••• .5 .6 8,mdyaoll •••••••••••• .1.0 1.0 
ClaY .•••••••••••••••• l.Q 2.4 ll'iDe Slllld ............ 8.3 4.3 
&uid ud clay •••••••• .9 u l.2Ll7Rl: 

B&Dd. --·············· .7 4.0 Adobe •••••••••••••••. 2.0 2.0 
Pine clam IIIUld ••••• 2. 2 6. 2 r',mm,e sand .•.••••••• 3.0 6.0 
Sand ..••............. u S. l 12Lll!Nl: 

llN:HRl-(A-7): .-\dobe ...•••••..••• --- :.o ,.o 
·. ~~; l=--------··;·' "'. ., ~ ~aan~d::::::::~:· . " ' :. 3 

4 ]. ~ ;. ( ,._ 
da.lld aud some gravel. il. B 10. 0 l2L29Rl: 

llN3SLl-(S-l); Bandy soil •••••••••••• 1.0 l.0 
Buid. ···------------· ' 4.0 .. 0 Cou1!le sravel ......... 3.0 4.0 

l1Na5Ql-(S-2J: l2M3IU-(Y~)-(B-1): 

&uld? ···········--··. 4.01 f. O? Fme ll&Dd, occa!!lonal 
U97Rl-(C-13}: 11111all ~vel. .•.•••. 5.5 6..6 

Simd ·--·-·····--· -··· l.5 ], 6 BI.Dd 11.D ~vel ...... 1.0 6.5 
BI.Ddy clac& ........... l.6 3.0 Band aud SQme gravel. 2.( 8.11 
Slightly 19:V Wld-- 4.0 7.0 l.2M5N~(B-f): 
Ba.iid ..••••••••.•••••• 3.0 10. 0 Fme 11&1:1dy IQlllll ••• -- 3.0 3. 0 

lljf!H~d~~!~------ 3.S 
S&lldy loam, IIOJlle 

G.0 3.5 ll'llffL ............. 3. 0 :::PeIJf. __ ........ .I 3.6 Sand and pea gravel. 2.8 8.11 
4.0 7.8 -(B-3): 

u~r~~!~~: ______ SII.Dd)' loam ••••• a. 0 3. 0 
2.5 2.5 3.8 6.8 

Sand ••••.•••••••••• ?.6 10.0 S&nd B.Ild ll!Illll 
ll~I-!0-12): tDvel. ·--··-·-····· J.8 u 

IWl y clay •••••• 2.8 2. 8 12M9All-(B-2): 
811.1:id ••••••••••••••••• l. 0 u FIDe S11.Dd7 loam ••••• 2. 5 2..6 
Sandnooe7 ........... .I a. 9 Sandy loam .......... f.5 7.0 
Green S&Ddy day ..... 1.1 7.0 Sand &Dd ~vel •••••• 3. 0 u:i.o 
Pine 118lld •••••••••.• - 1.1 8.1 lllUORI- ~): 

UQ31Nl-(A-9): Sandy loam. small 
G.O u Simdy clay ••••••••••• .6 .5 «ravel.---·· ........ 

CJa;r ••••••••••••••••• 4. 7 8.2 Sand, oecaslon11l 
Sand clall' •••••.•••.•• 4.8 10.0 ia-J:Il1- -···-···· .... '-0 I0.0 

UQ32NI-(A-IO): 
Simd,.=r_y ••••• --·- 6.0 6.0 Fme lilt. •••••••...... 6.4 u enm ----····-··· 4.0 ·10. 0 12MHN1-(Y-10): 

llQ33 l-(A-ll): Fine -~ lllllld ••••. 3. 2 3. 2 
l!iimd ••••••••••••••••• 10.0 10. 0 Sud ad J)lell. gravel •• LIi 1!. l 

J2QA1: lllllld 1U1d cram ...... • 7 a.a 
a..,(!y mil wltb peb- Send ud small 

hies.···-········ ... 1. 0 1.0 ~~----·······--· 1.6 7.4 
eo- crave.t. .•..••.. ::u u 
E:llAl-(B-12): =~'°t::::::::::: '- a 4.8 
- -dy loam, amtJl J.U 6. 7 

ffl ...•....•.•.•• 2.0 2.0 Medlunl cceraecrave! 2.3 11.0 
lllldsram •.•••• 2. 5 4. 5 l.2M111Dl: 

. ad ~ ~L ••••••••••• '-3 4.1 
_.am ..•........... •• a.o M sia'lllL. ••..• 2. 0 u 
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TABLE 1.-Loga of obaerva.tiot. weUa in th.e doaed badn area
Continued 

w.n number and log 

~l-(Y-11): 
Sandy loam •••••••.•. 
Sud ................. 
!l&Qd ud amall 

P'll'l'el •••• ·······-.. 
12M:fflNl-(Y-J2): 

Sandy loam aud pea 

s:!rel:::::::::::::: 
12M211Rl: 

~:~~=-~~::::::: 
12M30Nl: 

Adobe •••••••••••••••• 
FIDe sand ••••••••••.. 

12MMNI-CY-l3): 

~~-:::::::::::::::: 
Band and oecasloI!al 

sravel. •••.•••••••.• 
lDl-{A-8): 

Clay, 1111me sand •..••• 
Clayey 5alld •••••••••• 

12N 

N6.Al-(A-4): 
Sandy loam •••••••••. 
Band •••••••••.••••••. 

12 

Sand and clay •••••••• 
Sand l.l:ld Aile sraveL 

12 NaN!: 
Wlnd-bloWII llllll ...... 
P'ble sa11d, orga11ic 

matter ............. 
Blmd, msty color .•••• 
Sand and silt ••••••••. 
N31RI: 
Adobe •••••••••••••••• 
Fme lalld----·····--· 

eu: 
!nd·bloW'II llalld •••• 

811.Dd Witb. lltl.lf clay •• 
Medium liue sand .• _. 
MedlWll f1ne send 

wlth Iron oxide con-
i:retlom. --·-·------

Clay and sa.t1d ....... Fme IIIIld •••••••••••• 
l8Dt: 

:rJ: sud.----·----·· 
M6Nl: 
8111dy 11110----·-----·· 
Gravel. ..••••••••••••. 

:3M11Dl-,Y-14): 
&mdy cla)' ••••.•••••• 
Fll:le 118.Ild, clayey .••• 

~.:::::::::::::::: 
llMlUl-(Z--2): 

Bandy loam •••••••••• 
CJan7 2111.Dd •••••••••• 
Bend •••••••••..•••••• 

llMlIDl-(Z-l-Y-16): 
l'iile 11111 dy loam ...•• 
C1a19y lalld--.- •••..• 
Bend •••••••••.••••••• 

' 

Thlcll--(feet) 

u 
4. 4 

1.9 

3.~ 
~2 

1.0 
ti.O 

4.0 
2. 5 

2.8 
2.2 

3. 7 

6 .• 
3. 3 

1.5 
J.; 
.4 

4. 4 

1.5 

1.9 
1.4 
1.5 

6.0 
2.0 

1.0 
J. l 
. 9 

-5 
.5 

4.0 

3.5 
. 5 

2.0 

2.4 
.7 
• 7 

6.8 

J.4 
(.6 
4.0 

2.0 
l. 2 
6.8 

Depth 
(feet) 

J.5 
6.Q 

7.8 

3. 6 
8. 8 

l. 0 
1.0 

4.0 
6. 5 

2.8 
5.0 

8. 7 

6. i 
10.0 

J.5 
3. 
a .• 
8 . ., 

1.5 

3 •• 
4.8 
6 .. 3 

6. 0 
8. 0 

J.O 
2.) 
3. 0 

u 
4. 0 

(?) 

3.5 
t.O 

z. 0 

2.4 ' 
3.1 
3.8 
11.8 

1.4 
6.0 

10.0 

2.0 I 3.2 
10.0 

Well 11umber ud Jog Th!ck-1 neptb /l::) (lee!) 

l3Ml5Rl-(Y-I3); 
Clay, IO&l:tl ••••••••••• 2.3 2. 3 
Sand ll.lld lflllvel •••••• 2.1 4.4 
Sand l!llld pea l?&Tel .. .v 3.J 

13M17B:l: 
Clay soil ..•••••••••.. 3.0 3.0 
C011J'se gravel ••••••••. J.8 4.8 

13M22Rl-(Y-17): gt:loam ............ l.8 l, 8 
1.8 3.6 

Clayey llll.lld •••••••••• 2.7 6.3 
Ba11d ••••••••••••••••. 1. 7 8.0 
Band and small gravel 2.0 10. 0 

1.SM&m1-(Y-lli): 
Clay loam .•••••••.••• 2.0 2.0 
Clay aIJd P118 11TI1veL 2.0 f.O 
Clay 1!111:ld and :i_ravel. 1.5 ~.5 
SB.lid and snive ••••• 1.6 i.O 

13N2DI; 
Adobe •••.•••••• -----· 2.0 2.0 
Very be .sand •••••••• 6.0 7,0 
Fine Sllld ............ u 8.5 

13N7Rl-(z-4}: 
Clay loam •••••••••••• l. 3 l.ll 
8111d .•• ---···· ••••••• 2.0 3.~ 
Clsye; S&nd •••••••.•. J.5 4,A 
Clay •• --·-· ----····· 2. 2 7.11 
Sud 1md clay .•••••.• 2.0 U,(l 
Balld clay and small 

=..-el .••.•..•••••.. 1.0 10.0 
13N10Rl-(Z-7): 

Blllld aud clay, Vll,l'J· F:: ~::::::::: e.3 6.3 
3.9 10.2 

Sandy clay ••••••••••• 1. 3 11. S 
Blll:ld ••••••••••••••••• 1,0 12.5 

13Nl!Dl-(z..6): 
Cla; loam.. ••••••••••• .5 .5 
Clay ••••••••••••••••• l.3 1.8 
Baud ••••••••••••••••• l.l 2.9 
Clay ••••••••••••••••• 1.3 t.2 
Bud ••••••••••••••••• 2.0 e.2 
811.Dd. 3.8 10.0 

13NleDl-(Z-5); 
&.lld and clay •••••••• 8.3 3.3 
Band ••••••••••••••••• 3.2 6.5 
Clay ••••••••••••••••• •• 11.9 
B111d •••••• ·····------ 1.3 f.2 
S&!ldycl.ay ••••••••••• 3.8 12. 0 

13Nl8Dl-(Z-3): 
Clay loam •••••••••••• 1.5 1.3 
Clay •• -·----··-·-··-- 1.9 8.4 
Clayey sand •..••••..• .6 4. 0 
3trMl<ed "tlay md 

l8.Dll---·---- - - • ·--' z:s '·: 
ds.nd ---···· -····· -••• g_ 0 

13Q20N2: 
Wllld·blown sa.Dd .••• .~ .& 
Browu clay, hard! :v 

lll:ly S&Dd .•••••••••• • 7 1.2 
F11:1e loose sand. •••••. 1.5 2. 7 
Medium Al!d with 

clay llllltriJ: •• ___ •••• 
HNllRl: 

2. 8 -'.& 

Sand cd allt ••••••••• 2.5 2. 5 
Cl&y, some lllllld •••••• I. 9 4., 
Oran!, medium to 

0081!4>-. -·------···· 1.4 &.II 

In order to study the character and distribution of the 
material of the sha.llow valley fill in the closed basin 
a.rea1 table 3 has been prepared, separating the material 
reported in the observation-well logs into four groups, 
as follows: (1) Clay or loam, (2) fine sand, (3) medium 
or coarse sand, and (4) gravel. This grouping repre,. 
sents only in a general way the distribution of the ma.te
rial t as the classification of the material depended 
largely upon the individual boring the well. However, 
it is a rough index of the mat.eris.! composing the upper 
part of the shallow va.lley fill. In the table the material 
of the groups is expressed a.a a percentage of the com
bined length of all the observation wells for which loJ?a 

CO- 003184 
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were available in a township. No computations we.re 
ma.de where the material was represented by less than 
three well logs in a township. .A final grouping was 
made of tho area u a whole, using all available well 
logs. In this final swn.m.ation, 186 well logs were used1 

representing 1,446 feet of hole. 
None of the observation wells penetn.ted the entire 

thickness of the shallow valley fill but only 1 to 2 feet 
below the water table, usually to depths of only 10 feet 
or less. Thus the figures represent only the distribu
tion of the materw down to and a little below the water 
table. 

The table shows quite clearly the preponderance of 
coarse material on the Rio Grande alluvial fan and 
along the edge of the valley floor. Similarly, it shows 
the large amount of fine material, as clay or loam and 
fine sand, in the central part of the valley. This is es
peciell.y true in the trough of the valley, as1 for example, 
T. 39 N., R. 11 E.1 lying immediately south of San Luis 
Lake. In this township 80.5 percent of the alluvium 
was classified as fine material-that is, clay, loam, or 
fine sand. In T. 39 N., R. 8 E., · on the Rio Grande 
alluvial fan and 18 miles west of the township just 
described, only 39.0 percent of the material is fine1 

whereas 61.0 is coarse. For the area as a whole there 
is more fine material than coarse, the ratio being 54.5 
percent fine and 45.5 percent coarse. Th.is is to be 
expected, however, a.s the alluvial fans occupy con
siderably less than half of the valley floor. 

laboratory anal.ysis ef tM materials.-In order to form 
some concrete conception of the physical and water• 
bearing properties of the material in the shallow valley 

• ill. ·~'.:! .,~ples :yP,re malyzed :.n ':.he 4ydrol9gic. :a.b-0:-2..
oory oi tile Gooiogical Survey, at Washington, D. 0. 
These samples were taken from 12 wells located on the 
va.lley .floor and distributed over the closed basin a.ree., 
The results of the a.nalysis, together with the field 
claseilica.tion of the material are given in tables 4 a.nd 5, 

T .. uu: 2.-Logi qf ob,~ well., in the Carmel-&t.oen or 
c:mtTC&Wouthwut area 

(For lo<:iltlom of I.be wen,, -1.be map. pl. Ill 

Tblck· Depth 
Well nllDlber ud ltlc - (llaet) 

(leetl 

14E:!3Nl: 
Browuoll........... 2. (I 
Med.lam 1A1 -,ii,e 

p,el.............. J.i 
Ml:1™1: 

Adobe lmnm........ IU 
Adobe with mtt4nd 

~bla1.............. .5 
14'.ltlUl.1: 

Adobe bru'll'II......... I. 5 
Come pebbly p·aval. 2.6 
Jl'iDe n.ody claJ...... 3.4 

Hlltl7Bl: 
AdoblllO.fl, IITll:V-····· 3.11 
eo.ne pebbly arnvel. . 4 

14XW1: 
2.0 Bro1nuolL ••••.•••. 

0-.. pebbly pvel. 
C.11 1G:18M1: 

:liko"1111111101l •••••••••• -
11.1 ui:;tPlhb'7 r;ram.. 

Bro1!nl 1110il ..•••••••.. 
II. 0 Oa11n1 pebbly si,am.. 

Jf.llC.21:Ml: 
1. a Brow1110!1 ••••••••••. 
4. 0 eo.m, pm with 

7A =pe=.~~-
ldaS:Ml: 

2.11 Soll ................ .. 
:u Oravel, larl'8 pebh!N. 

LS 
l.11 

L7 
LS 

u 
1.11 

1.8 

1.9 

u 
IU 

u 
IU 

1. 7 u 
u 
11.4 

u 

Rio Gramk Joint lnr:estigal.ion 

T .A.BU 2.-Loga of obamiation wlu in--4M cloaed ba&in art"
C<intillued 

Tblcll;, Depth 
Well DWDber andloc - (feet) 

(feet) 

-------1---1---11----------
ld'.:KPl: 

lll'OWll llllil ___ •••••••• 
llalldy day ••••••••• --
Ornlll with -
. l!'bblt!II ............ . 

la:26NI: 
B1VW1l ll0ll. --········ C-aravel ol boul-

dan and pebhlea __ _ 
lfE:17.IU: 

Budy IOIL •••••• - ••• 
0-. pvel "1111th 

14.-=~ pebblea __ _ 

lll'offll IIOll .......... -
Oravel with pebble, 

IIDd IDlAII bouldl!ll"S. 
14b.Al: 

llrown l!Clil. ··--------
~ 11"&"1 1111th 

Wfl pebbles ••• ··--
HLU.Rl: 

Adobe-.-- ........... . 
l'm.A.Dd •••••••••••• l"tae a.Dd ___________ _ 

lil.lIDl: 
Smd:, IOll-•••••••... 
l"IDe pval ____ --- .... 
Ola:, 

HLl.&Al: 
Adobe IIOJL __ .•...... 
eo.ne M.l)d •••••••••• .f;"ft and ll&lld •• ____ •. 

1 1: 

2.0 
1.3 

1.0 

2.4 

2.6 

2. 6 

u 
1., 
2,. 

4. s 
l. 7 

2. 0 
1.0 
2.' 

1.5 
7.0 
2.0 

ll.O 
1.7 
2. 2 

l.lllUIDl: 
llrown 110il with large 

-ttend pebbles 
lllld smalJ bo11ldlll'!i 

4. a 16K14.Al: 
Llfbt·brown ci.,y 

wltb ma.ny aca1· 
mid l)l!bbles,oobb* 
mne.s, lllld boul-den.. __________ •••• 

2.6 15L.'5NI: 
Brown adobe wltb 

4.5 o::!re:~t~esio. 
mane •••.•• _______ _ 

l5L7Cl: 
3.8 lAlam, bro111"11 ........ . 

Sal:idy adobe with 
4.5 1~d';f:ered pebble:! •.. 

Collr,e l!!Llld IIDd 
gravel ............. . 

2. 0 15L13Al: 
3. 0 Adol»-...... _______ _ 
6.5 13.and ..... _______ ••••• 

u 
8. 5 

10.~ 

~Ll4Dl: 
A.dot..._ ••••.• __ ••••. 
Gravel ___ ··-········· 

15L16Dl: 
Bro= soil •. ····-·--· 

S. O Oranl, medlum to 
.. 7 ---·-··· .. ••·•• e. 9 lliLl7Dl: 

Brown .... u .. -....... . 
Coarse pebbles wid 

4.J 

1.2 

1.$ 

.~ 
3.2 

l. 9 

23.0 

2.0 
.6 

2.0 
u 
3.0 

1• 

.9 

u 

u 

u 
2.1 

u 
I.I 

:i:u 
10 
u 
u u 
u 
u 

•• Adobe •••••••••••••••• 
J'ine aand_ --- •••••••. 

laasDl: 
Adobe. .............. . 
J'l:Dll aand _. ·-···--- •• 

ll.O 
u 
3.0 
1.11 
L3 

a.o 
4. ~ smell boulders .• ___ . 

Oravel a.nd boulders •. 
S. 0 16L19Bl: 
t. II B1'CW11 adobe 8011 

4.3 
1.8 t.:t 

Budy clay .......... . 
KI.UPI: 

lh'o"lll'D IIOll ••••••••••• .Flne.111.Ddy sou ______ _ 
Oranl, medium '° 
-·--··········· HIM.NI: 

8-ndy 111111 •• -··-···-·-
Gn,reJ ••••••••••••••• 

lilMIU: 
&1ld ao.11. -·-·--·--··. 
Omffl ••. -·-··-·-----

1CM7Bl: 

; ~:~E~::::::-:::: 
Wl,:HftAl: 

&.nd7110ll ••••••••.•.. 
ldd:lllNl: 

S..UdylOII •••••••••••. 
Fl!)e Mnd. ···-··----· 
Olay ••••••••••••.•••• 

14M21N1: 
Adobe----·- --- ------· 

1
~vel •••••..•••• 

Loam ••••• -·--·--···· 
V11r7 dlltl 11.tul.. •••••. 

ltMl'llBl: 
Adobe ....... -----·-·· 
Jl'IDll and .••••••••••. 
M~nm -.rae aand. 

14ffl1Ml: 
Adobe •••••••••••••••• 
YfDe aand.--------··· 
Sand ••••••••••••••••. 

llllUOl: 
:Bt"oWl:l llll!ld)' DOil ..••• 
Omvel, medium to 
-····--------·· UB:lPl: 

llmffll llOIJ with -t· 
tilred pebbled! &lld 
bonlden.. ••••••••••• 

Cla:, wlth bouJdffll __ • 
a-. araTII! ••••••••• 

lll'.I0'.1"2: 
Dro11'13 8(111 with larp 

latt.w1id pebbles ••• 
~ clay with pet,. ti.Gd cobbles ___ _ 
OnV'l!l,-....... . 

l.lllUBl: 
BroW'n IIIOO with :.::i." c=:a~~------~-

u 
3. 7 -~ 
2.5 
Ui 

2.0 
u 
1.0 
~.o 

· t.O 

15.6 

u 
2. 0 
a.o 
2.0 
1.0 

3.0 
2. 0 

3.0 
1.5 
2. 5 

1.6 
1.0 
:u 
6.0 . , 
2. s 
2.5 
• 3 

4.0 

2.0 
2.0 

6.0 

6. l with lane pebbles 
ILlld boulder$ SO.I· 
l.eNd l..brougbont. _. 

Gravel wU..b J.i,rF,e 
II. 0 loi:£l~!es a.nd ccbb es. 

u 
4.0 

2.0 
u 
1.0 
3.0 

. :. , ' 

3,0 
s.o 
8.0 

Ba.ndy adobe ........ . 
Gravel, medlum to 
-·-·····-···-·· l&L27DI: 

Ba.ndy adobe ........ . 
Gravel, medium io 

--············· 15L300!: 
3-0il, brown .......... . 
-~o,1!!ne :;:,ebb[y ;;f3Vl?L 1 

1SL33RI: 
llto"ll'll sou 8J:ld adobe. 
Ba.nd day, oom-se ln 

lower part •......•.. 
Gravel, meruwn u, 

ooane __ •••••••••••. 
15L35Rl: 

2. o Brown adobe so!L. .•. 
lo Brown sand; soil (110 

a.o 1~1~>-------······ 
5. o .Adobe_ ............. .. 

FIDf> sand_ ••••••••••• 
8.0 Ora"ll'tl ... ··········-· 
u u~fl1~1

•1 ··········· 7
•
0 

Adobe (no graTel) ___ . 
1.5 l5M28RI: 
2. 5 Adobe, black __ •.••••• 
S.6 15M:19l'dl; 

Adobe .• _ •••••••••••• -
5. 0 ll!Mi181U: 

s.J:Jdy soil •••.• ····---
Gravel. ___ .....•••••• 

l.5N7Nl: 
Adobe •••.•••.••. -----
F!ne sand_.---······· 

2.5 lhN2'i'Cl: . 
6. 0 Adobe, black ••• --·---
5. 3 C-l!&Dd._ .••••••• 

10UD!: 
Adobe soil, brown-·--

4.0 ll'lne sand •. -········· 
Gravel. medhm1 &o 

G.O ooane .......... --·· 
8.0 ll!MGlil: 

Adobe ........ ------·· 
JOU.Al: 

.Adobe. ••. ---········· 
&.O Fl.llesaml. ...•....... 

CC) - 003185 

u 
1.2 

u 
., 

(1) 

(1'} 

:.1 
'·t 3 I 

t.8 

2.0 

1.8 

.5.0 

ll.7 

1.0 
111 
l.! ., 
!.-4 
JU 

4.0 

1.0 
2.0 

i.O 
• 7 

a.o 
L6 

1.9 
1& 

•• 
lU 

&.II 
J. s 

J 
' 

~: I 
u 
u ... 
u 
1.1 

I.It u u u 
u 
u 
u 
u u 
u u 
u u 
u u 
u 
u 

I 

' 
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Sand 

Me-
FIDe dlum or Gravel --

in gallons a day, that is conducted laterally through 
each mile of the water-bearing bed under investigation 
(measured at right angles to the direction of flow) for 
each foot of thickness of the bed and for each foot per 
mile of hydraulic gradient.n 

-----1-------1----------
The ooefficie.nte of permeability of water.bearing 

materia1s range widely. Materials tested in the hydro
logic laboratory of the United States Geological Survey 
at Washington, D. C. were found to have coefficients of 
permeability ranging from 0.001 to 90,000 12-that is, 
the greatest permeability was 90,000,000 times the 
least. As is shown in the preceding tables, the material 
in the shallow valley fill r&.llges of the Sa.n Luis Valley 
widely from silt to coarse gravel, and there is likewise a 
wide range in the permeability of the material. 

&L •••••••••••••• T. 4f N., R. 9 E •••.•. & 5U 
6M •••...•... .. T,4tN., R.10:E .•..• 8 M.O 
7E: •••••••• T.GN.,R.8E .••••• u 47.G 
7L .••••••..••••. T. 43 N., R.9E ••.... 7 10.0 
7M .••.•••.••.•• T.a N., R.lOE ...•. u 33.6 
OJ •••••••••••••• T. '2N., R, iE .•.... 4 13. 6 
911:- •••••••••.•• T. 42 N., R BE .•.•... ll 21.0 
91. •••••••••••••• T. 42 N., R. 9 E .•..•. 4 47,0 
9!1.f ••••••••••••• +: fl'i.~i Wt:::: 9 21.0 
ON ..••••••••••• 8 !lfl.O 
!OE: .••••••••••• T.41N.,R.8E •••••• 8 lie. 5 
lOL ••••••••••••• T.41N.,R.9E ...... 8 22.0 
10.M ...... •••••• T. 41 N., R.10 E ••••• II 111.0 
Ult •••••••.•..• T.40N~R.8E .••••. 6 111.8 
llL ••..•.•••••.• T.40N.,R.OE .•.••. 8 2:U 
UM ............ T. 40 N., R. lOE ••... !4 16. 5 
llN ............ T. 40 N., R. ll E ••.•• 16 311.0 

Ui-······· .... T. 40 N., R. l2E •••.. 7 2U 
12 ···········- T, 311 N., R. 8 E •••••• 8 28.0 
1.2L ••••••••••..• T. 39 N .. R. 9E .••••• 10 m.a 
12M •••••••••••• T. 39 N., B. lOE ••••• 1* SSI.O 
UN •••••••••••• T.119 N., R.11 E •••• 4 40 
lSM ••• T.1111 N., R. lDE .•••• 8 21.0 UN.- .••••••••• T. 38 N., B. ll E .•.•• 8 3U 

Total ffl'tl. •••••• 18& :nu 

111acaOrant. 

3:2.3 2..~ 
m.G 12. G 
:.141.0 11.0 
l!.O M.O 
113.5 12. 0 

11.6 ···a· o· 41.0 
IIG-0 a.~ ao 26.0 
&U ... ffii" 32.0 
16.0 211.0 
14. 6 40 . .5 
11.~ ···Tr 39.0 

:U.5 46.IS 
28-0 41.0 
3U 48. 0 
u.o :IIO.O 
30. 5 118. & 
31. 5 27. 0 
37.6 12. 6 
:IC. 0 14.fl 
.5. 5 19.0 

211.0 2lU 

!U 
13.0 
115.0 
23.0 

l.O 
78. 0 

..... 8..5 
13. 0 

····za 
13.0 
211. 0 
M.O 
:Ill. 0 
13. 6 
6. 0 

····iro 
20. 5 
12. ff 
7.0 

17.() 
l.O 

11.0 

The tTeusmissibility oi an aquifer, as de.fined by 
Theis,u is the average coefficient of permeability, 
multiplied by the thickness of the aquifer. 

In addition to the laboratory determinations shown 
in the table, the coefficient of permeability was deter
mined in one locality in the field by methods developed 
by Thiem 14 and by Theis.16 

Permeability of the materia.ls.-The hydraulic permea
bility of a rock is its capacity ior transmitting water 
under preesu.re.10 .A measure of this cape.city, u uud 
by the United St.ates Geological Survey, is called the 

The Thiem method for determining permeability oi 
water-bearing materials consists of pumping a well u.nd 
observing the decline of the water table in nearby 
observation wells. Thlem.'s formula for computing the 

1'fficient of penneability"1 whieh is defined as the 
J of flow1 in gallons a day, through a square foot of 

cross section under B. hydraulic gradient o.f 100 percent, 
at a. tempers.tu.re of 60° F. The coefficient of per
meability can also be defined 18 the quantity of water, 

u Blatnl, N. D., Laboratory test, on plln!cal pml)l!l1.les or water•bearlng male
*111: U. S. Oeol. 81U'VeJ W11W-SapplJ Paper 6911, p. 14.8. lffl, 

u ~. 0. E., Movamentl of rrowid water: Am . .A-. Petroleum Geoloelm 
Bull., To.I. 20, DO, G. p, 7lll, 11M, 

11 Tllela, C. V., The relation bet- the lower!n1 or the plezometrlc surfa,c,e and the 
rMA Md daniion or~ of a well using grou.ud-waler swr113e: Am. Oeophys 
Unlon 'J'raus., p. 620. lW. 

11 Melm..er. O. E .. The oocumnce of ,:fflllld qter ln the 'United States: U. 9. 
".leoi. JW"'ley, "\' 1t.er-Sapp1y ,-:ll)er lffll, },· ::8. :da. 

II Thiem, G .. Hydm!od,sclle Methoden. Lelp,i~. :1.100. 
' •. ')p, .::U.; ). -.;!l!l. • 

TABLE 4..-Phyaical 'J)Topmia of~ from the 11hallow ~ fi}l in the clolied ba.rin area, San Luis Valley, Colorado 

Well no. 

9WC1.---···-··············--

10JC.2Al. •••• _ •• ----- •••• --· ••. 

:IOl'AUA.1. ••••••••••••• - •••••• _. 

UWDL : .••.• -··--· ......... . 
11M1Dl. .--··········-·····•--1lM:relU •• ___ •••••..••.••... --
llN3R1.--···· ••••.•..•••••• - -· 

UKHA.1 ••••••• ______________ _ 

l2N23Nl ••. --················-
UQ6L2_ ••••••• ___ ••••••••••••• 

UMl'6Dl •••••••• -·--·-·····--· 

:l!Q:ll)NL.----·-······-·-···· 

P'Wd claadftaatlon of material 

C.lay, 811ptl71111o11dy. ________ •••••••••• ___ .••••••••••••••• 
BIIDd--·-··········------·· -... -·--· ----·· -- . -- ... -- .... 

E~~~-::=======:=====:::::::====:::======:=: 

~ 'If ~~~~I~~~:::::::::::::~~~~:~~~~~:~:~~~:::: 
.!Ill.rad... ••••••••••••• --··· ••••••• ·-······ •• ----- •••••• -••••• 

~~ll~~ ~-~:::: ::::: ::::::::::::::::: ::: ::: : : : : : : = .::1-~'ffl-::::::::::. ::::::::::::::::::::: ::::. ::: :: 
8lmd and lilt.-••. ----········---·······--·······--····· .• 
81.Pdand clay-······---·--··--·····················----:nae IIIUld----···-······· ------ .... ---·. -. ····-·. ·-.•..•.•. 
A..dobe ••••••••••• ······-. ··-· •••• -- ·-- •••••••• --· -- •••••• 
Blmd---······--------···· .•• -·· ---··· ....... --··---· --.. 
l"fm IIIIDd ······------········----------··----·········- -
l!lilDd 8,11d Clhy ·--··--···---·--·· ·······---·--·---------

17.5 111.4 32.3 
10. 6 uu 36.ll 
111.3 H.7 au 
8.5 11.0 11.4 

43. 7 41.G 9.3 
a&.11 32.4 7.8 
6.6 7.3 au 

(i) 
••••••• 114 ·-·····24.6. 1:u 

IU 10.1 2-1.2 
12. 3 12.2 115.8 
91.2 -····· 28. 7 u.o 17.0 

(*;118.2 ---- • 16.8 11.l 
11.8 10.1 39.2 

211.'1 2:U 32.8 
'Z'/,7 :au 22.& 
211.8 %U 110.S 
11,7 IU 1116. 7 

llll.1il llU 24.2 
23.2 ::au 26.t 

CO- 003186 

so 
90 
:IC 

.Gf,O 

!~ 
900 

1,600 
20 
& 

1IIO 
(') 

l!O 
GOO 

211 
45 

(') 
a 

(I') 
IIO 

(I') 
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coefficient of permeability u expressed by Wenzel 1• is 
written in the following form: 

p 527. 7q log10 (a1/a) 
m (s-a1) 

in which P=the coefficient of permeability; 
q=rate of pumping, in gallons e. min

ute; 
a and a1=d.istances of two observation wells 

from the pumping Tell, in feet; 
m=avemge vertical thickness (e.t a1 and 

a) of the saturated part of the 
water-bearing bed1 in feet; 

s and , 1-draw-downs at the two observe.tion 
wells, in foot. 

A pumping test was made near Monte VISta, Colo., 
during the summer of 19361 on an irrigation well owned 
by G. E. Oxley1 about 67' mtles northeast of Monte 
Vista, in the NW~{ sec. 13, T. 39 N., R. 8 E. This well, 
no. 12Kl3Dl, is located on the south side and well 
toward the base of the Rio Grande alluvial fe.n. There 
were four other irrigation wells within a mile of the 
pumped well, but none of them were operated during 
the period of the test or for several days before the test 
was begun. 

The pumped well is a.bout half e. mile south of an 
east-west irriga.Lion cane.I (the Prairie ditch). .AB water 
was flowing in the canal for sevenil months preceding 
and &Jso during the period of the teat it is believed that 
any seepage from the canal did not affect conditions 
d~ the test. The slope of the water table was, from 
vest· -,0 -3ast,-.-.Jia., is, from. -.veil :::3:::-±A: · ;o ·well• 
12Kl3D3. . 

The pumped well was·drilled in 1934 to a depth of 54 
feet and is 20 inches in diameter. Concrete to a depth 
of 2 feet had been placed as a seal in the botto:m. of the 
hole, thus reducing the effective depth to 52 feet. The 
:measured depth at the ti:me of the teat was 49 feet, 
indicating that 3 feet of the hole had filled in. The well 
was cased with 17 joints of galve.nized-iron casing, 
perforated from 19 feet to the bottom, a.nd gravel packed 
on the outside from top to botto:m.. Mr. Oxley reported 
that in drilling the weJl, coarse sand and gravel were 
penetrated to a depth of 50 feet, where clay was struck. 
While sinking the observation wells, it was noted that 
the sand and gravel became coarser with depth. 

Four observation wells were sunk in the vicinity of the 
pumped well, two on an east-west line, and two on a 
north-south lin.e through the well and on opposite sides. 
All the observation wells were 1 inch in dia.xneter and 
three of them were fitted with 24-ineh screen drive 
points. These wells were driven into the saturated 
sand a.nd gravel to such depth that the water table 

111 WID.UI, L, Jr., The Tlwlm metbod for ~ pt!fflM!lblllty or wat.er-bear
m& mattnll: 'O. S. Oeol. Buney W1t4Nlappl7 hper fflo.A, p.10, 11111. 

Rio Grandt. Joint Investigation 

TA.BU 5.-Jld'.'wianical analr.,:m of material /rom--the ,halk 
Mlley{ ftU in the c:loaed lxuin area, San Lui, Volky, Colo. 

!Size tn m!Dimeten; iM)reent by wright! 

I I I 

Wel.1110. Depth :t.arJer l.0- o.». 0.25- 0.125- 1-
than (~t) 1.0 0.50 0.2S o.w ll.002 than 

0.002 

--------
IIM2Cl.-----·-···--·· G-4. 5 ............... 2.4 :n.3 42. 4 2'. l u 

U,-5.3 0.4 2.9 14. 7 44.3 29.J 9.2 
101:12.Al •••••.••••••• l>-3.0 35. 5 26.1 25.1 7.6 2. 2 11.l 

3.M.6 15,3.0 2:1.4 13.2 5.9 2.0 .t 
10M2Al ••••••.••• ____ 0-2.2 6.6 23.0 26.2 19. 0 13.0 13. 2 

2.~0 10.11 23. 3 32. 3 111.Q 10.6 u 
5. 11-.5. 8 28. 5 '5.' 15. g 7. 2 2. g .9 

lll.23Dl •••..•••••••• 8.0 75-. 7 9.0 9.5 4.6 .8 ., 
llMlDl---··-···-··- 0-5.0 20.2 17. 9 28.3 17.9 9. 3 G.e 
UM38RI •• ·--··--··· 5. 0-S. 7 34. 5 16.3 25.0 U.2 6.8 u 
UK3Rl ••••••••• ----- 0-2.6 1.1 3.8 40.1 40. 6 10. 0 .u 

2. 5--4. 0 8.4 8.8 :is. 2 29.6 14. 2 JU 
4.0 7.6 19.e 25.9 24. l U.7 u 

12Kltil •••••••• _____ 4.0·U eo. 7 13.6 18.3 6.2 .8 .6 
l2N23Nl ••••••••••••• 8.4-4.8 2. 5 2D.6 so. 8 24. 5 11. e u 

4.&-6.6 3.2 17.2 32.8 21.2 111.& u 
1,Q6L2 •••••••••••••• 1.0-2. l 7.3 H.2 80.0 U.7 13. 3 u 

2.1-3.0 2. 8 3.2 Zl.2 IMl.4 2U u 
JJM14Dl •••••••••••• 2. 2-2. 8 &8 2'1.0 27.8 17. 0 8.0 112 

2.M..S 6.1 26. 2 49.4 !ii. 2 l. 9 u 
13Q20N2 --·-···- ••••• l. &-2.2 7.5 11.8 14. 0 29. 7 25. 8 11.4 

2. 7-6. b 10. l 15.8 27.7 2{.9 15.4 11.6 

during pumping would not drop below the bottoms of 
the wells. Ea.ch of the observation wells was developed 
by pumping with a pitcher pump until the water dis
charged was clear, indicating tha.t the ground wat 
had free access to the well e.nd tba.t the water level in tl 
well showed the level of the water table. Definite 
points were established at each well from whichmeasure
ments of the depth to the water level could be made. 
In order to determine the relative differences in altitude 
oi the measuring poim oi the wells, ·.:nstrumentai le~eis 
were run from an assumed datum. of 100 feet at the 
m6&Buring point of the pumped well to all of the obser
vation wells. 

TAl!LE 6.-Nu.mbllT, depth, altitude, and "t<xation of well3 ued in 
· pumping test 

Altitudeol 
Distance o! me8Sllrllli D11taD111 

Dep&h of mtasa.nlll 
point; 85- lnlNt&nd 

Well no. ltell below ~tabove 
sumeddatum dlnctloa 

measurlng ) or below 100 feet at from 
~g 

polni(fmt) (-)laDd point of ~ imrf,ac,a (feet) PlllllJ:i "'all 
feet) -

12El3Dl •. - .••••••..••••. -· •• 41U ~.ll 100. 00 
12Kl3D2.. •••..••••.. ---······ 16. 2 +1.3 101.00 llllnmh. 
12Kl3D3. ____ •••• ___ --- •••••• 8.G +.1 1111.1!() uo 1111,St. 

12El3D4 •••••••.•.•••••••••• _ 13. 5 +.4 100.oa 40soutb. 

12Klill.------····· --- ··--·. ll. 9 -.2 IIG.94 IIO•mt. 

The test wa.s started at 9:27 on the morning of 
September 3. During the 3 days preceding the t.t, 
measurements were made of depth to water in all 
of the wells in order to determine the static level of ti,, 
water table, a.nd a. round of measurements was ma.di 
few minutes before the pump started,. .All measUI'\. 
ments were made with a steel tape, graduated to 

CO- 003187 
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Tuu: 7.-Locatiofl and lkpth to watff ktim, in fut, below ~urin.g point., in obam,alion ~ uaed ~ the~ng tests 

AUOUST 31 

maJDl wtl3D2 12Kl3D3 Wl:13D4 Wi:1Ul 

l:"11.mpedlP'eil lClO feet Dortb of pmnped lP'eil 140 feet east or pumped well 40 feat IIIHlth ot pamped w.U IJO mt west or pumped wen 

Depth to Deptbto Depth to 
Time water Time lP'IW Time water Tuna 

(lalt) (feet) (feet) 

_ .......... -- ---- ---· ----~- ..... 4. 81 ------ ----- ----- --- .. - ......... 6.81 .. .................... _____ ... - .. -................... '- 761·····---·-······· .. ····· 
SEPTEMBER l 

························! .. 78 1··-············--·······I 6. 
77 1 ··············----······I ••••••··•••••••••••••••• (, 78 •·····•••••••••••••••••• 6. Tl •·•••···••••••••••••••••• 

11:12 L m ••••••.•..•.•• , 

8:02 a. m •• ···- ••••••••• 
11:27 a. m ••••.••••••••.. 
11:40 a. m •••..•••••••••• 
11:Ua.m ••••••••••••••• 
9:43a. m •••••...•....•• 
10:,)II a. m ••.••••••••••• 
10'.32 a. m ••....•••••.•• 
JO:M a. m ••.......••.•. 
11:JG a. m .••••••••••••• 
U:IDa. m ....•.•••••.•• 
IJ:05 p. m •••••••••••••• 
12:36 p. m ....•.. ·---··· 
1:H p. m ....••...•.•••• 
1:U p, m .•...........•. 
2:3:lp. m ............•.. 
J:tllilp.m ••••••••••••••• 1-. p m •••••••••..•••• 

'>, m .•••.•••......• 
. m ••••••••••••••• 
. m ••••••••••••••• 

), m ••••••••••••••• 
-,J p. m ••••••••••••••• 

8:20 a. m ••.••••.•..•••• , 
1:37 !. Ill •••••••••••••••. 
l:U 1. :n .....•.• • J ••••. 
J-1)'.' 3. ;Jl •••••••••••••••• 

10:00 a. ID •••••••••••••. 
H:01 a. m ••.•••••••••.. 
U:02 p. m ••• _ •••••••.•• 
l:Cl p. m.·-···--····-·· 
:t1ll p, m •••...••••••••• 
Up. m .• ·--··--······ 
UIO p, m •••••••• ·--···· 
4:$9 p. m.. •••••••••••••• 
6:0.I p. m ••••••••••••••• 

G:M a. m ••••••••••••••• 
11:51 a. m •.......•....•• 
a:ai a. m •••••••••••••.. 
7:00 a. m ••••••••••••••• 
7:Gl a. Jll •••••••••••••• -
7:CI a. ID ••••••••••••••• 
7:113 a. m .............. . 
7:0f a. m •••••••.••••••• 
T:Gi a. m ••••••••.•••••• 
1:m a. m ••••••••••••••• 
7:0S a. m ••••••••••••••• 
7:0la. m .••••••••.••••• 
7:10 •. :m .............. . 
7:J5 a. m ............. .. 
7~a.m ••••••••••••••• 
7;25 a. m ••••••••••••••• 
7:30a. m ••••••••••••••• 
7:3.S •- m ••••••••••••••• 
7:4/J&. ID ••••••••••••••• 
7:45 a. m ••••••••••••••• 
1:00 L m •••••••••.••••• 
7:55 a. m .............. . 
1.-GO a. m •••••••......•• 
,,.,.. ...... m ... ___ ,.,. ...... - ........ -

'D ••••••••••••••• 

b ••••••••••••••• .n ••••••••••••••• 
• :Ill--··········· 

4. TB I n:07 a. m •••.•......•• 1 

4. 711 
(1) 
17.84 
l7.82 
17.88 
17.Db 
17.93 
18.llll 
18.15 
111.26 
18.27 
18. 23 
18. il 
l!Ul 
18.l'lil 
18. 511 
111. TB 
111.7 
18. 77 
18. 7 
18. 71 
l&.10 

7:58 a. m .••.••.....•.• 
10:02 a. ID ••••••••.•••• 
Jfl'.26 a. m ....••••••••• 
llt.49 a. m ...•••....... 
11:12 a. m .•.•....•... -
11:34 a. m. -··· ....... . 
12:00 ID- ••••••••••• -- .. 
12:31 p. m •••.••••••.•. 
l:Oll p. m •••••••....... 
1:35 p. m •••••••••••••• 
2:25 p. m ............ .. 
3:03 p. m ....•.. --····· 
3::!e p. m ............. . 
4:19 p. m ....•.. ----··· 
5:01 p. m ..•.•••.••••.. 
&:33 p. m ......•.•..•.. 
6:03 p. m .•.•••.••••••• 

l.ll.&218:0h. m ••••.••••••••• , 
!9. 31 S:5-4 a. m •••••.•••..... 
;g, :.s ,l:oti :.. ::tl--··--····-'·
:9.32 :o:M ;1, ;:n •••• ·-······· 
19.33 11:M II, m ••.•••••.•••• 
Ill. 41 12:55 p. m. _ ..•.•••.••• 
111. 411 l :SI p. m •.••••••••••.. 
11.t! 2:M p. m ..••...••••••• 
11u.a a:M p. m ••••••••••.••• 
I1U8 4:$3 p. m .••••. ·-······ 
19.fll. 6:M p. m •••••...•.•.•• 
llU8 
18.31 

G:lG a. m •••••••••••••• 
G:45 a. m •••..••.•••••• 
7:33 a. m ••••.••••••••• 
8:03 L m •••••••••••••• 

SEPTE?.1BER 2 

6.77 I l1:09a.m ...•....•••••• , 

& 77 
11.3,4 
11.44 
6.53 
II. 59 
11.611 
6. 74 
G.112 
6. liU 
11.97 
7.09 
7. l~ 
7.21 
7,27 
7.33 
7.36 
7.41 

SEPTEMBER 3 

8:05 a. m •...•......•..• 
10:D4 a. m •.•.........•• 
10:27 a. m ............. . 
10:50 a. m ..•........... 
ll:15 a. m .•••••.••••••• 
11:35 I. lll ..•....••.••.• 
12:01 p. m •.... -- ...•.•. 
12:33 p. m ............ .. 
J:10 p. in ••••••••••••••• 
l:311 p, m .•..••••••••••• 
2:26 p. m ••••••••••••••• 
3:05 p, m ••••••••••••••• 
3:38 p. m ..••.•••••••••• 
4:21 p, m ••••••••.•••••. 
8:03 p. m .............. . 
5:34 P, ID.·--··········· 
6:05 p. m •.•••••.••••••• 

SEPTEMBER 4 

7.77, 8:0Sa.m •••...••• ---···1 
!: ~ i'~ ~: i:::::::::::::::. 
~-~ 10:56 a. m ............. . 
7. llll H:57 a. m ............. . 
&. 00 12:57 p. m •••••••••••••• 
8. 112 l :55 p. m ••••.•••••••••• 
& 07 2:M p. m ••••••.•••••••• 
8.08 3:.'i6 p. m .•••••••••••••• 
8.1.2 4:55 p. m ••••••••••••••• 
II. H 5~ p. III- •••••••••••••• 

SEPTEMBER ~ 

&. 29 G:19 a. m ••..••••••••••• 
t.: ;~:: ::::::::::::::::· 
i'.61 8:tl4a.m ••••••••••••••• 

4. 72 l························l 4. 71 ······--················ 

4. 72111:Ha. m .•••••••••••. J 

8:00 a. m ............. . 
10:0.511. m ••....••••••• 
10:29 a. m ••..........• 
10::;2 •. Ill ••••••••...•• 
ll:I~ a. m •..•••••...•• 
11:37 a. m ...••......•• 
12:03 p, m ...••....•••• 
12:34 p. m •••.......... 
1:12 p. m ............•. 
l:38p. m •••••••••••••• 
2:28 p. m ............. . 
3:06 p, m .....••••••••• 
3:39 p. m ... _ ..••.••••• 
~p.m •..•...•..•.•. 
6:0.5p. m ............. . 
6:36p. m •••.•.•.••• _._ 
D:o7 p, m ••••.•..•••••• 

II. 71 18:<)7 II. m ..••......•. .J 
5. 78 8:59 a. :n ............. . 
i. 33 :0:00 &. LO ............. . 
-i.il!l iil'58a.m ............ . 
!l.Ul 11:511 a. m ••••....•.•.• 
4. 94 12:59 p. m ...•.... ____ . 
a.Ge l:li7p. m .•.........••• 
7, 01 2:M p. Ill •••••••••••.•• 
7.03 3:57 p. m ••••........•• 
7, 00 4:67 p. m •••......••••• 
7. 08 5~ p. m •••••....••••• 

7.20 6:21 a. m ••••••••••••.• 
7. 22 8:f9 a. m •••••••••••.•• 
11.13 7.37 a. m •••.••••••••.• e. ~ 8:07 a. m .•• , •••••••••• 

Depth to 
water Time 
(teet) 

4.86 ____ ..... ____ ---------- ..... _ 

4. n J n:a2 a. m ............. , 
4. 711 3:34 p. m .......•••.••• 

4. BO I 11:<i.S a. m •....•••••. -·I 

4.13 
,UG 
6. 0G 
6. :r.i 
6. 84 
6. 47 
11.58 
11.611 
11. l!O 
6.119 
7.02 
7, Oil 
7. 16 
7.:13 
7.30 
7.34 
7. 3e 

7:53 a. ID •••••••••••••• 
9:.Mla. m •••••••...•.•• 
10-.24 a. m .••••.... __ .. 
t0:47 a. m .•••••••••.•. 
11:10&. m ••.....•••••• 
11:31 a. m ... _. _____ ... 
11:.'18 a. m .••••••••.•.. 
12:29 p. m .•.•••..•• __ _ 
1:07 p. ID •••••••••••••• 
1:1:13 p. m ••••..•.•••••. 
2:22p. m ...•• ·-···-··· 
3:01 p.m .••••••••••••• 
3:.M p. m ...••••.• ·-··· 
4:17 p.m ....•••••••••• 
S:00 p. m .••••.•.••• __ • 
5:31 p.1D ••••••••••• _ •• 
D:1ll p. m .••••••••••••• 

7. (;/ I B:00 11. m .••••••••••• ..! 
:: ~ t~ ~:-:;::::::::·::::::: 
i.93 l0:52e.. m ••••••••••••• 
7.117 ll:53 a. m ••••••••••.•. 
8. 01 12:52 p, m .•..••••••••. 
s. 04 1:51 p. m •••••••••••••• 
& rn 2:52 p. m •.•••••••••••. 
&. 10 3:52 p, m •••••••••••••• 
8.13 4:51 p, m •••••.•••• a ••• 

8. H ~:52 p, m-••••••••••••• 

8.2t 1$:131. m •••••••••••••• 
11.25 5:~•- m ••...••.•••••• 
1.,1 7:32 &, m ••••••••..•••• 
7.:13 8.i>l a.m ••••••• - •••••• 

co - 003188 

DIIJ'lllto 
11tQ~r 
(feet) 

t. 6-1 

4.60 

6. 75 
1.83 

. J..J9 
o.111 
7. 01 
7.05 
7.(18 
7.13 
7.15 
7.10 
7. 21 

7.ll8 
7.39 
7.0t 
uo 
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236 Rio Gro:nd,11 Joint Investigation 

T.ULE i.-Location. and depth t() watu ~.in.feet, ~low mea8uring point., in obieniation well, med in the pumping test-Contfr,· 
SEPTEMBER 6-Co11tl11oed 

1:30111. m .••...••••••••• 
l:la a. m .............. . 
1:40 •· m .............. . 
8:f& 1. m .............. . 
B:00 •- m .............. . 
9:Ma.m .............. . 
11:00111. m ............. .. 
11:oll a. m ............. . 
9:toa. m ............. .. 
11:Ua.m ............ .. 
11:!Wa. m .............. . 
Iii~•- m .............. . 
D:30a. m ............. .. 
11:85 a. m ............. .. 
11':40 •- m ............. .. 
ll;4lia.m .............. . 
D:SO a. m .............. . 
lli:!6 a. m .............. . 
10:00a. m ............. . 
10:10 "· m ............. . 
10:201. m ............ .. 
10:30 a. m .........••••• 
I0:40a. m •••••••••••••• 
10:Ma. m ............ .. 
U:00 a. m ............. . 
n :10 a. m ............. . 
11:2011. m ............. . 
ll:30 a. m ............. . 
ll:tO a. m ............. . 
11:50 a. m ............. . 
i,:oo m ................ . 
12:15 p. m ............. . 
12:30 p. m •••••••••••••• 
U:il p. m ............. . 
1:00 p. m ••.•••••••••••• 
1:15 p, m .............. . 
1:30 p. m .....•••••••••• 
1:il p. m .............. . 
2:00 p. m .............. . 
2:1! p. m .............. . 
2:30 p. m .•••••••••••••• 
t:45 p. m ............. .. 
1:00 p. m .............. . 
B:15 p. m .•.•.•••••••••• 
1:30 p. m .............. . 
3:46 p. m .............. . 
4:00 p. m .•.•.•.•.•••••• 

:~ ~: 'l::::::::::::::. 
l:i5 p. ;IL ......... ~ ... . 
6:00 p. m .............. . 
6:15 p. m .............. . 
7:0J p. m ••.••.••••••••• 
1:10 p. m .............. . 

6:00 a. m, •••••••••••••• 
7:14 a. m .............. . 
8:11 a. m .••••••••• , •.•. 

8. M 8:34 1. m ............. . 
II. 32 11:0l a. m ............. . 
6.:W 9:Ma.m ............. . 
6. 28 10:06 a. m ............ . 
e. 215 10:37 a. m ............ . 
e.. :H 11!06 ,., m ............ . 
8. 23 11:36 a. m ........... .. 
e. 2:1 12:05 p. m ............ . 
8.20 1:0'lp. m ............. . 
II. 111 2:0I p. m ............ .. 
G.18 3:01' p. m ............. . 
6.16 4!07 p. Ill.. ............ . 1 i! 6:00 p. m ............. . 
11. lll 
6.11 
8.10 
11.08 
11.07 
6. 00 
6.04 
I. 112 
I. 00 
5.08 
U& 
!',.94 
l',.1,13 
6.112 
11.00 
6. 88 
a. 87 
i. 8li 
i. 83 
5.81 
i.80 
5. 78 
!',.16 
6. 74 
I\. 73 
II. 72 
6.119 
5.1!8 
6. 00 
6.66 
U4 
5. 63 
1\.112 
~. 61 

. o.~ 
i.:,8' 
6.67 
a. 56 
5.49 
5.47 

.5. 2-51 ll.23 
5. 2-5 

12ll.'.13D4 12Kltil 

«l feet aoutb or pumped well . «i reet west or pumped 9rell 

Depth to 
watu 
(reetJ 

7, l50 8:37 11, m .............. . 
7.40 9:07 a. m .............. . 
7. 'Z1 lli:42 a. m .............. . 
7, 24 10:00 II. ?D ............. . 
7,17 U):39111. m ............. . 
?.ll 11:0Sa.m ............. . 
7. 04 11:39 11, m ............ .. 
8. 99 12:0S p. :m ............. . t~ _1:00 p. m .............. . 

II. 74 3:10 p. m .............. . 
e. 117 4:10 p. m .............. . 
6. M 6:00 p, m .............. . 

Depth to 
'IP'ltm' 
(feet) 

Time 

8.118 8:38a.m ............. . 
6.'Z1 UN!a.m ............. . 
11.15 9:46 a. m ............. . 
6.0II 10:1711. m ........... .. 
1.01 10:43 a. m ............ . 
5.94 11:1211. m ............ . 
S.811 U:U a. m ........... .. 
5.&t 12:10 p. m ........... .. 
5. 77 1:11 p. m ............. . 
&.&II 
5.112 3:13 p. m ............. . 
II. 67 t:12 p. m ............ .. 
11.M &:Oil p. m ............. . 

SEPTEMBER 6 

I 

..... _ m ............... 

1 

7:01 a. m .............. . 
8:1911. m ............. .. 

5. UI 16:0611. m .............. l 
5. 20 7:11 a. m ............. . 
5.19 8:H a. m ............ .. 

Depth to 
water 
(Ceet) 

Time 

7.02 8:32 a. m ............ . 
6.82 9:03 a. m ............. . 
II.Si 11:33 B, m ............. . 
6.47 10:0011. m ..•••.......• 

gg ltM :: ~: :::: :::::::: !!J U:33 a. m ............ . 
12:01 p. m. ····--------

5.1111 l:<M p. m ............. . 
5. 82 2:0l p. m ............ .. 
~ ~ 3:04 p. m ............ .. 
... t:04 p. m ............. . 
5.:111 !:01 p. m ............ .. 

5.181ft:()4a.m .............. l 
6.17 7:08 a. m ............. . 
6. l~ 1:1:0S a. m ............ .. 

Deptbto 
water 
(feet) 

&.12 
uo 
UII 

hundredths of a foot. The pump was operated con
t.muously for a period of 45.5 hoUN, ·with the exception 
of a 4&-minute stop between 4:15 and 5 a. m. on 
September 4, pumping at an average rate of 900 gallons 
a minute. A 1-foot Cipolletti weir and a hook gage, 
located about 150 feet south of the well, were used to 
measure the rate of discharge from the pump. The 
water pumped was conducted through a small irriga
tion ditch to a potato field about half a mile south of 
the well. Measurements of the depth to water in all 
the wells were made during the daylight hours of the 
test, but none were ma.de at mght. After the comple
tion of the pumping period, measurements were con
t.mued for about 25 hours, so that the recovery of the 

water table could be determined. The measurement.a 
of depth to water made during the test a.re given in 
table 7. 

Thiem's eque.tion requires the draw-down at 2 points 
on the cone of depression for computing the coefficient 
of permeability. During the early pa.rt of a pumping 
period, before the cone of depression has dAVeloped 
extensively, the difference in draw-down in two obsen-a· 
tion wells at d.ifi'erent distances from the pumped well 
will change because considerable water is still being 
removed from storage in the vicinity of the wells. Al 
the pumping progresses, the cone of depression develo .. 
and approaches an equilibrium condition- with 
l'eSult that the difference in draw-down approaches • 

CO- 003189 
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constant value. Thus, the closest value to ·the actual 
coefficient of permeability will be obtained by using 
draw-d.owns at the end of the pumping period. As none 
o! the observation wells penetrated to the bottom of the 
aquifer, the vertical thickness of the saturated pa.rt of 
the water-bearing bed is known only from reports. 
Th.is is taken as 45.5 feet. 

The coefficients of permeability computed from the 
test ranged rather widely. A study of the test data 
gives some dues with which to explain th.is difference 
in the coefficients. The inconsistent draw-down in the 
observation wells may be due largely t,o the hetero
geneous character of the water-bearing materia.l, which 
may not have allowed changes in water pressure to be 
freely t.ra.nemitted to the observation wells. Lack of 
data as to the average thickness of the saturated part 
of the water-be&ring bed at the observation wells also 
affects the computations of permeability. 

.Another factor influencing the computations of per
meability was the stopping of the pump for about 45 
minutes on the morning of September 4. Wenzel 17 

found in his second pumping test in N ebra.ske., that the 
shape of the cone of depression altered considerably 
once the pump was stopped. .Also. it was found that 
when pumping was started a.gain, the cone of depression 
did not regain the form it poesessed before pumping 
stopped, at least during the period of observations. 

.A.ft.er a. critical study of the data it was concluded that 
the coefficient of permeability of· the material was 
between 3,000 and 5,000. The coefficient of permea
bility determined in the laboratio:ry for a sample taken 
just above the water table' at a depth of 4.0 to 4.5 feet 
at the observation well 12K14Al (table 4) is 600. As 
the -3a.nci :md -p-a.vel· -0eco;e ·~oarser· with depth, thts 
sample is not representative of the saturated part of 
the aquifer. 

Upon completion of the period of pumping, measure
ments of depth to water were made at intervals for a 
period of about 25 hours in the four observation wells 
and in the pumped well in orde:r to observe the rate of 
recovery and to apply thereto the equation developed 
by Theis. (See table 7.) This equation is written in 
the following form: 

264F t 
T=yr-Wf11ot, 

in which T=the coefficient of transmissibility. 

F-n.te of pumping in gallons a minute. 
V' =residual draw-down-that is, the distance 

the water level stands below its equilib
rium position, in feet. 

f=time since pumping sta.rted. 
f' =time smce pumping stopped. ----

IT Wlllll61, L. x~ Tm Thltm method r°' det& hrlnc ~ o1 ~bearlDa 
amaials: U, B. Oeol. &nll7 Watar,&pply Paper 1179-A, pp. 12-14, llU. 
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It will be noted from figure 53, that all of th~ measure
ments from about l0:30 a. m., on September 5, 3.f 
hours after pumping stopped. to the last measurement 
25 hours after pumping stopped, give consistent results, 
but the measurements prior to 10:30 a. m. do not. 
Using only the results obtained after 10:30, the coeffi
cient of transrnissibility is 216,000 j and with a thickness 
of water-bearing material of 45.5 feet the coefficient of 
permeability is computed to be about 4,800. 

8puific yield. of tM materials.-Tbe specific yield of a 
rock or soil has been defined as "the ratio of (1) the 
v?l

1
ume of water which, after being saturated, it will 

yie d by gravity, to (2) its own volume. This mtio is 
stated as a percentage and may be expressed by the 

formula Y 100 (?), in which Y is the specific yield, y 

is the volume of water in the rock or soil, and Vis the 
volume of the rock or soil.,, n The specific yield of a 
rook or soil is difficult to determine experimentally, 
requiring a large expenditure of time and equipment. 
No attempt was made during the present investigation 
to determine directly the specific yield of the water
bearing material. in the valley. It is possible, however, 
to arrive at a value for the specific yield indirectly, based 
on its rela.tion to other physical properties of water
bearing material. 

The specific yield is equal to the porosity minus the 
specific retention. If, as is sometimes done; the mois
ture equivalent is used roughly for specific retention, 
the difference between porosity and moisture equivalent 
is a.n approximate measure of the specific yield. Both 
porosity and moisture equivalent rnny be detennined 
in the labora.torv with relative ease. Recent!v Piner rn 

::ias dfiOWTI. :iy ~:q)er..ments '-!Over..ng i)eriods o/:jra{nagc 
up to 400 days, the relation between moisture equiva
lent and specific retention. In table 4, the specific 
retention is shown as computed from the curve de
veloped by Piper, and the specific yield is shown as the 
difference between the porosity and the specific reten
tion. The specific yield of 19 samples thus determined 
ranged from 7.8 to 36.7 percent and averaged 28.9 
percent. 

Yield of ~er to welh.-As has al.ready been pointed 
out, the materials of the shallow fill of San Luis Valley 
range widely from clays to coarse gravel. .As a result, 
the yield of wells that penetrate the sediments also 
ranges widely. Coarse sand and gravel yield water 
readily, whereas fine sand.st silt, and clay yield water 
slowly. With the exception of the observation wells, 
bored by different agencies to observe water levels, 

IIMeluser, 0. E~ OuU!De ol'IJ'OQDd•watar r,J'dJ'olor:y: U, 8. Geal. Sun-er Watw
~ Paper 41H, p. :118, JD .. 

• l"!par, A. M., NOC4111 OIi tJJe relatlml billhreall tlle moisture eqa!l'llen\ and tlle 
lll,1ld1le :,i.ld a1 1rll.tllr,.beilrlll& JUtedali: Am. Oeopb11. umcm Trus... um, pp. 
m-m. . . 

Pl.pa:, A. M., T'bol:lm, :e:. I:., ad B.obimon, T. W., Gl"Omld-,..._. b~ of 
UM Mob'm:nne am,, c.ut.: U, 8. 0901. 8urveJ' ~ npori,. Oct.. Ill), nm. 
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1'1111:l11E li3.-~'ffl'7 !1'm"9111 llf wells used for tnmmll!:s.lblttty d!l'lerml!ud:IOIIS. 

nearly all the wells in the shallow valley fill have been been successful. These localities are all on the· "J"est 
l 

sunk to provide water for imgation. As artesian waur side of the valley, on or adjacent to the alluvial fa.Df,. 
rum be obtain$d 11.t moderate depths over most of the The loea.tions of inigation wells are shown on tbe 
valley floor, 'Virtua.Jly no shallow wells have been put map of the valley, plate 11. (Map vol.) The greatest 
down for domestic or stock use. The water-yielding concentration of irrigation wells is on the Rio Grande 
capacity of the sediments is best shown by studying alluvial fan, &Dotber group is located east of the Monte · 
the locations 8.Dd yields of wells that ha.ve been sunk VlBta. canal in the Ca.rmel~Bowen drainage district, and 
in order to pump water for irrigation. a few are scattered on either side of the Rio Grande m 

Irrigation wells have been sunk in nearly every part the vici.Dity of Parma. With the exception of a few 
of the nlley, but in only a. few localities have they failures due to methods of oonstru.ction, all the irrip· 
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tion wells in these 8J"eaS a.re successful. The average 
yield of the wells is about 850 gallons a minute (p. 248), 
although some wells were reported to yield as high as 
1,600 gallons a minute (table 12). Some of the irriga
tion ple.nts pump only a few hundred gallons a minute, 
but in these the yield is limited by the capacity of the 
pumping plant and not by the capacity of the well. 
The wells with the highest yields a.re located on the Rio 
Grande alluvial fan. It is apparent that in these local
ities the sediments yield water to wells readily. Doubt
less with furt.ber development the areas of pumped 
wells will be expanded to the north and south, but not 
much to the east. 

In the central and ea.stem parts of the valley, prac· 
tically all attempts to pump for irrigation ha.ve been 
failures, mostly because of the inability of the sediments 
to yield water readily. 

About 1913, tests were made in sec. 11 T. 44 N., R. 
9 E., about 6 miles north of Moffat, to determine the 
feasibility of irrigating by pumping from wells. A 
report by F. H. Wlriting,:io consulting engineer, describes 
the tests as follows: 

The first well sunk was carried to 111, depth of 60 feet, but proved 
to be iD material yielding little or no water. The adjacent four 
wells put iD after th.is one proved to yield three-fourths of a. 
11eCOnd-foot per well. • • • 

Four additional wells were drilled in sec. 26, T. 44 N., R. 8 E. 
These wells under ordinary pumpin11: have yielded I 11eCOnd-foot 
a.ch. 

This la.st group of wells was located about 8 :miles south
west of the first group, where the sediments are co&l'Ser. 

Well No. 11L14.El, belonging to John Ache.z, located 
e.bout.5 mil.es sou:theast of.Hooper, was dug for an irriga. 

.. :ion -ve.il. ''. i is.cl :-0 Je abandoned ior ibis purpose; J.s'it 
did not yield sufficient water. An inspection of the spoil 
pile showed that the water-bearing material was com
posed mainly of fine sand with a few scattered pebbles. 

An abandoned irrigation well owned by E.T. Dow 
is located in the NW}i sec. 14, T. 38 N.1 R. 12 E., about 
13 miles northeast of Alamosa. This well, originally 
dug 10 feet in diameter and 15 feet deep, was, according 
to the owner, exhausted in 28 minutes when pumped at 
the rate of 600 gs.lions a minute. Examination of the 
wa.ter-bearing materia.l was difficult, as the wellbadnot 
been in use for several years, though indications were 
that it was rather fine and would not yield water readily. 

An attempt was made about 1934 by the city of Ala,.. 
mosa t.o supplement its water supply from the shallow 
ground water. A well of large diameter was sunk and 

· t.ested from time to time at different depths, but it did 
not yield sufficient water and was finally abandoned. 
The driller reporied the material penetrated as alter. 
nating strata of clay and fine sand. 

• Whithls, F. B ~ l'fellm.ll:wy repm UJ)OD tl:1111 Mllfl'llS lmptkm Dlatriot {ma.nu• 
ffl'lpt IIIJIJ'), p.12, ~ CctG~ 191.J. , 
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From the foregoing discussion, it is apparent that the 
sediments in the central and ea.stern-parts oi the valley 
yield.water to wells with difficulty, but on the west side 
the coarse gravel and sands yield water readily. 

fte Water Table 

Locatum and ducription of obstrrotioo wll.s.--In 
order to determine the nature and fluctuation of the 
water table, the depth to the water level was mea.sured 
periodically in observation wells distributed over the 
valley floor. The observation wells are divided into 
two groups--one group located north and the other 
group south of the Rio Grande. In the group north of 
the river, located in the closed basin area and on the 
Rio Grande alluvial fan, there are 245 wells. In the 
south group, located in the Bowen, Carmel, Morgan, 
and Waverly drainage districts, and on the alluvial fan 
of Gato and Alamosa Creeks, there are 74 wells. The 
locations of the observation wells a.re shown on plate 5. 

Except on the two alluvial fans, there are very few 
wells in the shallow valley filJ in the entire valley. 
Therefore, it was necessary to bore most of the obser
vation wells. Considerable difficulty was experienced 
in boring the wells, especially on the west side of the 
valley, because of the coarse sand a.nd gravel that were 
encountered. This material slumped and caved so 
ba.dly that ma.ny holes had to be abandoned. In these 
places 1-inch pipes, pointed on the end and perforated 
for a. foot above the points, were driven into the ground 
far enough so that the points were well below the water 
table. In the trough of the valley north of the river, 
some trouble wa.s experienced ~th fine 5and filling 'lP 

· the wells'1rom t.he ·:-ottoin. ~-None 0i :lie -.veils oore·d 
were over 12 feet in depth and nearly all were IO feet or 
less in depth, 2 inches in diameter, and cased with gal~ 
va.nized iron casing to the bottom. 

In the period 1931 to 1933, engineers from the States 
of Colorado and New Mexico bored about 250 wells in 
the closed basin area in order to observe the ground
water level. Measurements of depth of water were 
made by the Colorado engineers in their wells at in-

. tervals through the spring, summer, and fall of 1931 and 
1932. Measurements were continued by the New 
Mexico engineers . in their wells at frequent intervals 
until the fall of 1935. In order to continue the record 
of water-level measurements all except 1 of the 126 
New Mexico wells were recovered and measured during 
the present investigation. However, only 24 of the 
Colorado wells were :measured. A few of them could 
not be found, a l&rge number were either destroyed or 
in such bad condition that they were useleu as obser
vation wells, and many were situated so near to New 
Mexico wells that :measurements on them would be a 
duplication of work. 
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Levels hs.d been run by engineers from both Colorado 
and New Mexico to the wells established by them, and 
these level data were made available for use in the 
present investigation. Levels were also run to about 
65 of the wells that were put down in 1936, based.on the 
1929 general &djustment of the first-order level net. 
The levels run by the Colorado and New Mexico 
engineers were based on the earlier s.djustm.e.nt of the 
first-order level net. In order that all of the altitudes, 
determ.ined by the three sets of level lines, would he 
comparable, the altitudes determined by the Colorado 
and New Mexico engineers were reduced and adjusted 
to the 1929 general adjustment. 

Different systems of numbering were used by the 
Colorado and New Mexico engineers to designate their 
wells. In order to incorporate the wells in one number
ing system for the present report1 a root&lgular co
ordinate system for numbering all the wells was used, 
based on the General Land Office subdivisions. The 
townships were assigned numbers and the rwiges letters. 
Thus the first two chvs.cters of the well number 
designate the township and range in which the well is 
located. The next one or two numbers designate the 
section in whlch the well is located. The soot.ion was 
further divided into sixteen 40..acre tracts, each of which 
was assigned a letter as shown by the accompanying 
diagram. The letters I and O were omitted so that 
they would not be confused with I and zero. The first 

well recorded in a 40..a.cre tract is numbered l I the second 
2, and so forth. The toWllSb.ips were numbered. from 
north to south and the ranges from west to east, The 
numbers assigned to the township and the letters 
&S&igned to ranges B.1"e shown on plate 5. Thus, for 
e:u.mple, a well Jocated in- the NEY.NE~ sec. 16, T. 
39 N., R. 9 E., would be numbered l2L16.A.1. A 
second well in this same 40..e.cre tre.ct would be num
bered I2L16A2. Such a system of numbering serves a 
double purpose, that of designating a well and also 
locating it, once the key number and letter are known. 

Form of~ 'IDl'Jter tabk.-The form of the water table 
m the closed baain a.re&. in October 1936 is sh.own by 
ground-water contours on the map (pl. 5) 1 wherever 
there are sufficient data. Because of the steep slope of 
the wa.ter table on the Rio Grande alluvial fan imd the 
very gentle slope in the trough of the valley, three con
tour intervals are used to sh.ow the form of the water 
ta.ble---ii S..foot interval below 7,530 feet; a IO-foot 
interval between 7,530 and 7,540 foot; and a 20-foot 
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interval above 7,540 feet. No. ground-water contours 
are shown south of the Rio Grande, as the altitude of 
the measuring points was not determined for a sufficient 
number of wells. 

The water table closely resembles in form the general 
land surface. A comparison of the water-table map 
with Siebentha.l1s 21 topographic map of the valley shol\·s 
a striking similarity. In general, the water table slopes 
from the west, north, and ea.st sides toward the trough 
of the valley. The trough of the water table follows 
closely the trough of the valley floor, which extends 
from north to south along the old channel of San Luis 
Creek. Like the Is.nd surlo.ce, the water table is char
a.cterlzed by a. relatively gentle slope from the west 
aide to the trough of the valley, and a relatively Bharp 
slope from the east. .An example of this is best seen by 
examining the profile along the township line common 
to Tps. 39 and 40 N. In a distance of 24 miles from 
well 12J1H1, in the northeast corner of range 8, to well 
UQ31Nl, in thesouthwestoornerofra.nge 12, the water 
table descends 157.3 feet, or an. ave:ra.ge of about 6.5 
feet to the mile j whereas, in a distance of 2 miles 
between well 11 Q33N 1 and well 11 Q31 N 1, the water 
table descends 24.9 feet, or 11.D average of a.bout 12.4. 
feet to the mile. The slope of the water table on the 
west side of the valley, however, is not uniform, but 
becomes progressively Batter toward the east. As an 
example, in the profile just mentioned, the average slope 
for a. dist.a.nee of 12 miles east of well 12J1Hl is IU 
feet to the mile, but for the remaining 12 miles it is 
only 4.0 feet to the mile. 

Beginning about 9 miles south of Saguache, in the 
nciniiv 1i -3.ussel ,~kes, ·,he ~oniours indicate ,i, Jroao 
shallo; depression of the water table, extending eut 
toward the me.in depression of the trough. The lowest. 
pa.rt of the w~ ter table is a closed depression in the 
vicinity of well 13NlA1, about 6 miles south of San 
Luis Lake, which is indice.ted by the closed 7,510.. a.nd 
7,515-foot contours. South of this depression the 
trough of the water table continues toward the Rio 
Grande but is much constricted. 

Dir,moo of movement of the grO'Und water as ind:watta 
by t/i..e ,water #abk.-The movement of ground waw is 
in the direction of the maxim.um hydre.ulic gradient, at 
right angles to the contours of the water ta.~le. The 
shape of the contours indicates th&t on the Rio Grande 
alluvial fan which is the principal a.rea of recharge on , . . 
the west side of the valley, the ground water :as moVl.Jli 
n.dially outward toward the northeast, east, a.nd south
east. The contours show that the water in the sb!Jlow 
valley fill is moving from the foothills towl\?d the trou~ 
of the valley; except a.long the south side of the Rio 

II Sliehm•bel o. JI:., Otoloa IIDd wal.er - of the 8&n Lull Valier, Colo.: 
U.S. Oto!. SarVQ Water-Supply hpmr Ml, pl.1, 11110. 
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Grande fan north of the river between Monte Vista and 
Alamosa, where they indicate that the ground water is 
deflected somewhat toward the Rio Grande. With 
th.is one exception, the water table contours indicate 
that for October 1936 none of the water in the shallow 
valley fill of the closed basin area was moving out of the 
area. In the trough of the valley the ground water is 
moving from north to south toward the closed depression 
south of San Luis Lake. However, between San Luis 
Lake and the closed depression the water table is quite 
fl.at, indicating slow movement. Here large amounts of 
the ground water inflow a.re dissipated by evaporation 
and transpiration. The closed depression is probably 
due to heavy discharge by transpiration and eve.pore.~ 
tion. 

Depth to t~ water tabk.--Over most of the valley 
floor the depth to water mrely exceeds 10 feet. Only 
on the steep alluvi.a.l slopes and alluvial fans is the 
depth to water great, in places amounting to 100 feet, 
or more. The depth to water varies from place to 
place over the valley, and to some extent from month 
to month in the same place, u is shown by depth to 
water measurements. As shown on the map (pl. 5), 
the depth to water in the closed basin area is less than 
5 feet over approximately 70 percent of the area. and 
from 5 to 8 foot over approximately 20 perceDt of the 
area. In only two localities in the closed basin area. 
does the depth to water exceed 8 feet. These lie just 
to the west of the valley trough, one a. few miles south 
of Moffat, and the other a.bout 8 miles southeast of 
Mosca. 

Over most of the area south of the Rio Grande, in the 
C'a.rmel-13ou;-~n irainwze district md the ge~eml area, 
east w 2ne·nve:r, .h~ depth to water iB· 1ess tha.n 5 foot. 
To the west, where the topography of the alluvial fa.n of 
Gato a.nd .Ale.moss. Creeks begins to develop I the depth 
to water increases, and fa.rt.her west and higher up on 
the fan the depth to water is greater than 100 feet. 

lnfl~ of drains on tM water tabl.e.-Since about 
1910 numerous dra.inage systems have been constructed 
in the San Luis Valley, principally along the west side. 
The development of the drainage systmis was a piece
meal process, as a. rnle each being constructed inde
pendently. They consist of both buried and open 
drains, the buried dn.ins usually discluuging into the 
open dnw:is. They have been quite effective in lower
ing the water level wherever the wa.ter level was ex
cessively high and the led had become ''water logged." 
At present there is a network of drains over most of the 
agricultural lands on the west side of the valley. 

It is not believed that these drainage systems in the 
closed basin area have cluwged materially the geneml 
form of the water table. Their genera.I effect has been 
to lower the water table a few feet and to maintain it 
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a.t 8, more or Jess uniform depth over ~ed area. 
There is not sufficient information available to show 
the local eff oots of individual drains. It is to be ex
pected that adjacent to the drains the water table is 
relatively low and that the distance through which the 
water table is lowered depends upon the permeability 
of the water-bearing material. 

Fluctuaoone of IM wmer table.-&asonaJ Fluctua
tions.-A condition of approximate equilibrium exists 
between the amount of water a.nnua.lly replenishing the 
ground.water supply and the amount a.nnua.lly dis
charged. This balance is maintained through the: 
changing conditions by fluctuations of the ground
water level. When the a.mount of recharge exceeds the 
amount of discharge the water table rises, and conversely 
when thediseha.rge exceeds the recharge the water table is 
lowered. In the San Luis Valley fluctuations of the 
wa.ter table follow closely the seasons, but the seasonal 
fluctuations vary from place to ·place. 

The common method of irrigation in the va.lley is by 
subirriga.tion-that is1 by raising the water .table and 
mainta.ining it or the overlying capillary fringe within 
the root zone of the plants during the growing sea.son. 
The result of this practice is a. very sharp and pro
nounced rise of the water table in the irrigated area. with 
the beginning of the irrigation sea.son, usua.lly about the 
:first of April. The two principal areas in which irriga
tion is practiced a.re on the Rio Grande alluvial fan and 
in the area. south of Monte Vwta that is served by the 
Monte Vista. and the Empire cana1s. At the end of the 
irrigation season, the water level gradually declines 
until the next season. .An example of this seasonal 
rise 3..rid .iec':line on :Jie Rio Grande alluvial -!an;:..s .,.hown 
by the measurements of depth to water in well 12Jl0Kl, 
owned by E. L. Neff. In this well the water level rose 
10.5 foot between April 2 and June 8, 19361 then de
clined, so that on December 17 it stood 3.77 feet below 
its position on June 8. Because of a shortage of irri
gation water early in July, the "sub" could not be 
maintained, and consequently the water level declined 
sharply. However, a supply of water became available 
in August that partly restored the water table to its 
June level. 

In the northern, central, and eastern pa.rts of the 
closed basin area the agricultural lands give way to 
meadow a.nd brush lands. Irrigation water is usually 
applied to the mea.dowlands but not to the brushla.nds. 
The vegetation on both types of land is for the most 
part composed of plants that habitually feed on ground 
water. The brush cover is locally referred to as "chico", 
but it is made up chiefly of two dominant plant species, 
greasewood and rabbitbrush1 with greasewood t.he more 
prominent. The meadow lands a.re largely covered witl1 
Alt grass, which discharge large quantities of ground 
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water by tra.nspirat.ion, resulting m a decline of the 
water level until the end of the growing season. When 
the tnmspi.ration draught ceases or becomes light the 
water level st&rta to rise, and it generally continues to 
rise el.owly through the winter. With the advent of 
we.rm weather, the ground thaws and allows the melted 
snow water ~d rainfe.ll to percolate downwa.rd to the 
water table, resulting in 1.1. sharp rise of the water level. 
The water level then remains high until the transpira
tion draught is resumed. This condition is shown by 
the records of depth to water obtained prior to 1936 
in the New Mexico wells located in the. transpiration 
area. During the la.tter part of July and first pa.rt of 
August 19361 unusually heavy rains produced a pro
nounced rise of the ground water levels. Thus the 
effect of transpiration on the lowering of the water 
table is not so pronounced for the 1936 season as for 
some previous sea.sons, although the trend is indicated 
by the June and July measurements. 

Diurnal Fluctua.tions.-lri order to obtain a record of 
diurnal fluctuations of the water table, three wells in 
the closed basin area were equipped with automatic 
water-stage :recorders. These wells, UL23Dl, 12Q6L2, 
and 13Q20N2, are in the general area where the con
ditions are favorable for the transpiration of large 
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quantities of water. Well 13Q20N2 is located a.bout 
10 miles east and north of Alamosa, well 12Q6L2 a.bout 
l" :miles southeast of San Luis Lake, and well 11L23Dl 
about 6H miles northwest of Mosca. These wells a.re 
18 inches square and were dug especially to e.ccomodate 
the recorders. The recorders were St.evens 8-da.y 
type L, which operate on a time scale of l inch t-0 
10.M hoW'B ud a l to 1 or natural water-height sea.le. 
The records obtained on these wells are shown in 
figure 54, 

All the wells were located in extensive areas of grea.se
wood, rabbitbrusht e.nd salt grass. In the vicinity of 
well l1L23D1, the growth was much thicker and more 
vigorous and luxuriant than at either of the other two 
wells, and the hydrogra.ph of this well shows large diur
nal fluctuations. No diurnal fiuctua.tion was observed 
in well 13Q20N2 a.nd only faint fiuctuation.s in well 
12Q6L2. It is not clear why the diurnal fluctuations 
were not more pronounce<! in these two wells, but the 
muon may lie in part in the difl'erence in the density 
and growth of the vegetation and in part in difference 
in the texture of the soil. However, it will be noted 
that in all of the wells there was a net decline in the 
water level from. day to day except during and immedi
ately following periods of heavy rain. This decline is 

iuou....-1~~~+----+-==--+--1-.~=---+--=--:::.i~-S-~--.-j 
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the result of draft by transpiration a.nd probably in 
small pa.rt by soil eva.pora.tion. 

The hydrogra.ph of well 11L23Dl shows that the 
water table goes down during the daytime when tran
spiration is rapid, and rises at night when tram.pi.ration 
is low. Usually the water starts downward about 10 
a. m., WW;hlng its low stage between 7 and 8 p. m. 
Between about 9 and 11 p. m., the water begins to rise 
perceptibly, and it continues to rise until about 9 the 
next mornmg. The maximum daily fluctuation ob
served during the period in which the :recorder was in 
operation amounted to about 1 inch. During and 
immediately followmg periods of rain the diurnal fluc
tuations are :replaced by rapid rise of the water table. 
For a short period after the period of rise, the water 
level remains practically stationary and then it declines 
rapidly. During the period of decline the diurnal 
fluctuations are superimposed on a rapidly declining 
water level, and hence the a.mount of the daily rise is 
reduced and that of the daily decline is increased. 

Beginning about September 30 a different type of 
diurnal fluctuation is shown by the hydrograph of well 
UL23Dl. The water level bega.n to rise about 11 
a. m. a.nd continued to rise until about 4 p. m., which is 
the opposite of the de.ytime decline caused by transpi
ration. Beginning on the afternoon of September 261 

rain started falling, and the rain, was followed by several 
inches of snow on September 27. After the storm the 
temperature dropped below the freezing point each 
nightt thus definitely ending the growing season and 
the transpiration draft. The daytime rise of the water 
table was evidently due to water from the melting 
snow md foe ._,ercola.timr downward ';o the -vater ":.able. 

. Jluc"iua.iio~ Ca.~sea, . oy Rainia.ll Pen~t:ration.
Fluctuations of the water table due to rainfall penetra
tion a.re indicated by the monthly measurements of 
depth to water and are shown definitely by the hydro
graphs of the three recorder wells, 11L23Dl, 12Q6L2, 
and 13Q20N2. The measurements in nearly every 
well in the closed basin area show that the water level 
stood higher in .August and September 1936 than in 
July 1936. The records of the United St.ates Weather 
Bureau station at Garnett, Colo.1 located in about the 
center of the closed basin area1 show that the precipi
tation was only 0.68 inch in June, but that it was 1.49 
inches in July, 3.07 inches in August, and 1.34 inches in 
September. The heavy rains in July occurred after 
the monthly round of measurements had been made, 
and hence their effect on the water table was not 
apparent until the August round of measurements. 

The response to nima.U was much faster and of 
greater .magnitude at well 11L23Dl than at either of 
the other two recorder wells. This was no doubt due 
to the greaw- permeability of the material in the 
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vicinity of this well. Here the material-eonsisted of 
coarse und and gravel from the surface down to the 
water table, whereas at wells 12Q6L2 and 13Q20N2 the 
Jogs show a mixture of fine sa.nd and day. The per
meability of the material in the zone of fluctuation 
(table 4, p. 233) was 1,500 at well 11L23Dl, 65 at well 
12Q6L2i and only 1 at well 13Q20N2. 

The water table responded much more to heavy 
rains than to light rains. For rains of 0.10 inch or 
less the response was very slight. The greatest response 
was recorded in well l 1L23D l for the period Ju]y 27 to 
August 61 when 2.54 inches was recorded at Garnett. 
The exact rise of the water table is not known, as the 
recording pencil was forced off the chart. However, 
measurement on August 10, 4 days after the rain 
stopped, indicated a rise in excess of 1.85 feet. A rise 
is also shown on the hydrogrs.ph of well 13Q20N2 up 
to the afternoon of July 30, when the :recorder ceased 
to function. Measurements in this well on July 20 
and August 13, before and after the rainstorm, show 
that the water level rose 1.84 feet. The rain and snow 
storm of September 26 to 28, in which the total pre
cipitation amounted to 0.81 inch at Garnett, produced 
a rise in excess of 0.90 foot at well 11L23Dl (here again 
the pencil was forced off the chart) and a rise of 0.40 
foot at well 12Q6L2. The stairstep eflect, in the hydro
graph of well 13Q20N2, is due to the mechanical 
operation of the recorder in overcoming the frictional 
resistance of the recording device. On the same 
hydrograph the sharp vertical rise, amounting to 
0.15 foot on July 8, was due to re.in water entering the 
well at the surface, and not, as might be supposed, to 
~iall penetration. ~. • 

It must be borne in mind that the rainfall at the 
recorder . wells may have differed considerably from 
the rain!a.11 recorded at the United St.ates Weather 
Bureau station at Garnett, but a comparison of the 
ra.infall at this station and the hyd.rographs of the 
recorder wells makes it evident that a causal relation
ship exists. The hydrogra.phs a.nd the records of other 
observation wells also indicate that the rise of the 
water table differed from place to place over the valley 
floor, these differences probably being due to differ
ences both in the texture of the shallow valley fill a.nd 
in the amount of rainfall. 

Fluctuations Ca.used by Pumpmg.-Within the last 
6 years many farmers in the agricultural area on the 
west side of the valley have drilled wells and equipped 
them with pumping plants. The wells are usually of 
large diameter and penetrate only the shallow or uncon
fined water (table of irrigation wells, pp. 250 and 251). 
These irrigation wells are used only when there is a 
shortage of irrigation water. Such a shortage occurred 
during the season of 1936, beginmng earlv in July. 
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As a result, there was much pumping sctivity during 
July and August and well into September. This 
pumping draft. combined with a. shortage of the surlace 
water for irrigation, produced a lowering of the water 
table, especially on the Rio Grande alluvial fan and in 
the Carmel-Bowen ~age district, which IL!'e the 
two &r8&S of heavy pumping draft. (See the · hydro
graphs of wells l1J9D1t UJ26P1 1 and 11K6N1 (fig. 55), 
located on the Rio Grande alluvial fan.) In these 
part.a of the va.l.ley the water level began to decline 
aometime after the June round of water level measure
ments and did not begin to recover appreciably until 
after the September round of measurements. The 
rise in October was due to the cessation of pumping 
and some late irrigation with surface water. 

Bovee orthe Ground Water 

Streams.-All the streams that enter the San Luis 
Valley fiow across the alluvial slopes bordering the 
valley floor. As al.ready pointed out (pp. 229-232), the 
material forming the alluvial slopes is coarse in texture 
11md therefore the water percolates through it readily 
and the streams have large seepage losses. It is 
common knowledge that the flow of the minor streams 
d~dles noticeably after they rea.ch the alluvial slopes, 
pa.rt,1cularly the strea.mB flowing from the Sangre de 
Cristo Range, only a. few of which flow beyond the 
base of the &lluvial slopes. Several of the streams 
flowing from the mountains on the west side of the 
valley are l.s.rger and a.re able to withstand heavy 
losses in :flowing a.cross the alluvial slopes, but the 
1.osses :rom ~e :ninor· west-side streams u-e ~ea.dil:v 
·noticeaole wherever me wa.ter·.o.as not oeen diverted i;r 
irrigation. 

Prior to the time of any irrigation development on 
the Rio Grande aD.d the Conejos River, these streams 
were undoubtedly large contributors to the ground 
water. This was especially true during flood periods, 
when the water spread out to inundate the flood plain. 
With the advent of irrigation development and con
sequent diversions, the flow i.n the river channels soon 
after emerging from their rook canyons was greatly 
:reduced.. At the present time nearly the entire fl.ow of 
the Rio Grande is diverted in the upper pa.rt,of its al
luvial fan for irrigation. Thus with the changed regi
men of the streams, the opportunity for ground-water 
recharge by stream losses was reduced. 

The following table from a report by Carpenter = 
shows the seepage losses for sectiom of the Rio Grande 
between the Del Norte and Monte Vista gaging sta
tions, for the period 1896 to 1003. The.re was con
siderable irrigation at that time but it was not so 
extensive as at present. 

• Carpmtllr, l,, 0., l!eePIC' and flltum ntan: Colo. Alf. Coll. Bu1l.1110, Part 1, 
p.ta,1eie. 
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TABLE 8.-G~ina (+) and loaau (-) from ••pa.,e on the Rio 
';/:~ k.houn tht1 old Del Nurts gagfflf ,totion I and Monte 

(bi mblc feet per -d] 

cS i k.1 
;. t, 

Sect!OD 8J ~! ~1 ,;- ..q 

@l 11 .3!1Ei I ! I ~ I 
.:, 

i:l ;-< 
------------

])91 Nm1e N· 

~~~-~- 8 -1117.03 -72. 0V -49.85 -57.t3 -ue -N.01 -111. 54 -~. 
01!'1 to M ODte 

Vina •••••••••• 10 +M.32 +a&l +8.:111 +2.46 -13. 2\1 +111.11 +18.47 +1,17 
Del Nom Pl· Dl Ital.Jon 1.o 

ODie Vista. •• 18 -52. 71 -6.15.48 -43. 50 -154.117 -17.66 -15G.96 -1.07 -~ 
1 About 3 mllas above Del N arie. 

Presumably this table of seepage loss or gain wa.s 
compiled from special seepage measurements for short 
periods and is not the average for any 1 year or month. 
Results of the stream gaging in 1936 at the Del Norte 
and Monte Vista. gaging stations (tables 10 and 1·1) do 
not show as great losses as those shown in the table for. 
several yea.rs earlier. The highest loss in 1936 oo
curred during March tllld April, and amounted to 2,345 
aere-feett or an average of s.bout 19.2 cubic feet per· 
second.. The stream loBBes shown by the above table, 
except m August 1900, occurred in the 8-mile section of 
!'he stream below the Del Norte gaging station, which 
J.S a.bout at the apex of the Rio Grande alluvial faD. 
Thus it is apparent that nearly all of the stream loss 
takes place on the upper part of the fan. No measure
ments of discharge from this 8-mile section of the river 
are available for 1936, but as there has been little if 
any increase in the quantity of water diverted from it 

~·for· .irrigation 3ince ·i 903, · ~r,,,is 31l.ie ·-~O "iSSUIDe rJiai .it 
still ha.s appreciable seepage losses. 

Carpenter 2211 also shows a. similar set of seepage de
terminations for the Conejos River. Between the San 
Jwm Bridge (at Mogote) and the Conejos Bridge (at 
Conejos), a distance of a.bout 4 miles, there was a loss 
of 22.12 cubic feet per second in August 1900, and 4.66 
cubic feet per second in October 1900, but & gain of 
7.92 cubie feet per second in July 1903. This section 
of the river is well up on the alluvia.! fan and corre-
spond.s to the section between the Del Norte gaging 
st.a.tion and Off's on the Rio Grande. No stream 
measurements are ava.ila.ble from which to compute 
seepage losses in this section of the stream in 1936, but. 
the conditions are favorable for contributions to the 
ground water by seepage losses. 

If"l'igati<m wata-.-Du.ring the irrigation sea.son prae,,, 
tically th.e entire flow 0£ the Rio Grande i.s diverted for 
irrigation. In the calendar year 1936 these diversions 
amounted to 480,674 acre-feet. (See tables 10 and 11.) 
Most of th.is water is used on th.e Rio Grande alJuvial 
fan md on the gravelly soil forming the base of the 

- Op. llU. p. S, 
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a.lluna.l fans of Gato and Alamosa Creeks. Because of 
the method of irrigation and the type of soil the oppor
tunity for ground-water recharge in these areas is great. 
As has been s_ta.ted previously, the common method of 
irrigation is by raising the ground-water level and main
taining it about up to the root zone. As the soils are 
coarse and permeable, such a system of irrigation be
comes a very effective method of ground-water recharge. 
It is essentially the same as water spreading for ground
water recharge. A similar condition of irrigation diver
sion and "subbing" exists for most of the streams enter
ing the volley from the west side. 

On the ea.st side of the valley irrigation is not prac- . 
ticed extensively, chiefly because of a lack of water 
supply and because attempts to divert water on the 
alluvial slopes have failed on account of heavy ditch 
losses. Lining the ditches or fluming the water has 
apparently not been economically feasible. Any water 
from those streams that flow across the alluvial slopes is 
used to irrigate native hay meadows on the valley floor. 
In these meadows there is undoubtedly some ground
water recharge. 

As a result of irrigation, there is without doubt much 
larger total recha.rge to the ground water in the valley 
now than before irrigation was practiced, evidence of 
which is furnished by the extensive system of drains 
that has been constructed to lower the water level and 
carry away excess ground water. 

Artesian -wells.-According to the nrt-esian-well in
ventory (table 20), there are in the volley 6,074 wells, 
and these wells have an aggregate annual discharge of 
about 119,000 acre-feet. The flow of these wells is a 
:JOtentiaI -eource )! ·water :or ~-:-e~ha.rge,of· the shall~w 
ground-water .,uppiy. A small part of the total :flow 
is used for domestic, industrial, and stock use; the re
mainder, being used for irrigation, is allowed to dis
charge directly on the land, where it is dissipated by 
evaporation and downward percolation. As the land 
surface in the area of artesian flow is relatively flat, most 
of the artesian water not used for irrigation disappears 
within a. few hundred foot of the well. Of the artesian 
water used for irrigation a certain a.mount is lost by 
transpiration and evaporation. The cities of Monte 
Vista. and Alamosa use artesian water and discharge 
some of it into the Rio Grande in the form of sewage, 
but the stream is diverted below both cities for irrige.~ 
tion. Thus, very little of the flow from the e.rtesian 
wells passes out of the valley as stream flow, and the 
amount of artesian we.ter available for ground-water 
recharge is essentially equal to the total flow of the 
wells less the artesian water lost by evaporation and 
transpiration. 

Recharge of the shallow aquifer also takes place by 
underground leakage out of the arteeiAn wells. In the 
early period of artesian development, many wells were 
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cased only sufficiently to prevent the top of the-hole 
from caving. The common practice v.n.s to use only 
one "stick" of casing, usually from 18 to 22 leet in 
length, and in some wells no casing wns used. The 
casing was not long enough to be seated even on the 
first confining bed, thus allowing part of the water to 
come up on the outside of the ca.sing and to enter the 
shallow aquifer. Proof that water from these innde
qua.tely cased wells is entering the shallow aquifer is 
shown by the increase in flow after a well hos been re
cased and the ca.sing has been properly seated. Thus 
dri.Jlers report that a.!ter recasing, the flow of the well is 
likely to increase two or three times. 

Rainfall penaration.-It has already been shown 
(p. 243) that the water table fluctuates in response to 
rainfall. The hydrographs from wells equipped ~;th 
automatic water-stage recorders show a material rise of 
the water level following periods of moderate to heary 
rain, thus indicating recharge of the ground-water 
supply by rainfall penetration. These hydrographs 
further indicate that the amount of rainfall penetration 
varies from place to pln.ce. Doubtless on the conrse 
material of the alluvial slopes and fans a large part of 
the rainfall percolates to the wnter table, whereas on 
the finer material in the central part of the valley the 
amount of rainfall reaching the water ta.ble is less. A 
rough measure of the quantity of rainfall reaching the 
water table in the central part of the closed basin 
area. is afforded by the rise of the water table in wells 
9M2C1, 10M2A1, UM1Dl, llN3Rl, 12N23Nl, 
13M14D1, and 13Q20N2, which are located outside 
the influence of recharge from irrigation. The rise of 

. the water .:evel ;n _.:hese . .,,..ells :l} ... ~h~ ?eriod )I 'J.ea""v'; 
rams from Jwy :W to October 15, averaged U.94 foot, 
or 11.3 inches. In this period the precipitation, as 
recorded at the United States Weather Bureau station 
at Garnett was 5. 78 inches. As the capillary fringe 
reaches virtually to the surface over most o! the valley 
floor, ce.pillary water occupies part of the pore space, 
and so the effective porosity of the material above the 
water table and therefore its capocity to absorb addi
tional water is reduced. For this reason the figures for 
specific yield which are shown in table 4 cannot be used 
to compute the quantity of rainfall penetration from a 
known rise of the water table. 

Precipitation in the valley during the rainy season is 
very irregularly distributed. Individual showers of 
varying intensity sweep across the valley in an easterly 
direction1 covering strips only a few miles in width, 
outside of which the ground is often perfectly dry. 
Thus, for June 1936 the rainfall at Garnett was only 
hali that at Alamosa, 20 miles south, while for July 1936 
the rainfall at Ga.mett was one and one-hali times that 
at .Alamosa. As the texture of the soil and the a.mount 
and intensity of the rainfall re..nge widely throughout the 
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velley, it follows that the amount of rainfall penetration 
a.ho rtLDges widely. The small depth to the water 
table below the land surface is favorable to recharge 
by rainfall penetration, and the data presented show 
that the recharge from this source is a substantial 
quantity. 

Disposal of the Ground Water 

Procu8es.-Tbe ground water in the shallow valley 
fill is discharged by soil evaporation and plant tran• 
spira.tion, underfiow1 artificial drainage, e.nd pumping 
from wells. There are no known springs on the valley 
floor that discharge shallow ground water, but the several 
lakes are essentially outcrops of the water table. At 
the foot of the alluvial slopes there are springs such as 
Little Spring and Big Spring, ea.st of the Meda.no 
Ranch, which discharge water that was lost by the 
streams farther up the alluvial slopes. 

Evaporation and transpiration.-Wherever the water 
table stands close to the land surface, the ground water 
moves upward through the soil by capillary rise to be 
disposed of by evaporation1 and in general the closer it 
is the greater is the a.mount of ground water evaporated. 
In a somewhat similar manner water is discharged by 
the plants where the water table stands within reach 
of the root zone. In the San Luis V elley the conditions 
are favorable for the disposal of large quantities of 
ground water by both evaporation and transpiration. 

As shown on plate 11 t there are in the valley extensive 
uncultivated areas occupied by native veget&.tiont whlch 
is composed e.lmost entirely of plants that habitually 
-teed on ~ound•water·;. 3ucb lS·~easewood, :-s.boitbrusb. 
and saltgra.ss. In the cultivated areas the practice of 
maintaining the ground-water level up to the root zone 
of the plants allows these plants to feed on ground 
water, even though they may not be habitual users of 
ground water. The map (pl. 5) shows that in July 1936 
the water table in about 70 percent of the closed basin 
a.rea stood less than 5 feet below the land surf ace, and 
that in only a.bout 10 percent of the area was it more 
than 8 feet below the surface. Thus in all except a small 
part of the area the water table is within reach of the 
roots of ground-water plants. Much of the decline of 
the water table in the summer of 1936 was due to tran
spiration, e.nd specific evidence of the disposal of ground 
water by transpiration is fumished by the diurnal fluc
tuations of the water table, as recorded by the automatic 
water-stage I9COrders (p. 242). 

The rate of disposal of ground water by evaporation 
from the soil undoubtedly varies from place to place 
over the valley floor, with the depth of the water table 
below the land surface and the height of the capillary 
fringe, which in tum is govemed by the texture of the 
soil. Undoubtedly there are ueas in. the floor of the 
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-·-----valley where there is little or no soil evaporation, be-
cause of unfavorable combinations of depth to water 
and soil texture. There are, however, extensive areas 
both bare and with vegetal cover, where soil evaporatio~ 
is known to occur. Here the alkali salts left behind 
by evaporation have collected as a. crust on the surface 
of the soil or appear as efflorescences. These alkali 
deposits were observed in nearly.all parts of the valley 
but especially in the central trough. 

No experiments were conducted during the present 
investigation to determine the rate of ground.water 
discharge by evaporation and transpiration, but some 
data are available from experiments conducted in the 
valley during 1930, and additional data a.re available 
from the work of others in areas comparable to the San 
Luis Valley. 

During the growing season of 19301 Tipton and Hart 113 

conducted experiments on soil evaporation in the S11.n 
Luis V a.liey I in four soil tanks, each 3 feet in diameter 
and 4 feet deep, and with the water level at different 
depths. The results obtained are shown in the following 
table: 

TABLE 9.-Evaporation,I May to Octo~, incl!J3iv,, 19SO 

{Belultaoral)8rimentsb7 R • .T. Tlp&on1111d F. C. Bart!ll the Su Luis V.U.1, CoJ.),J 

Tw 1:10.1 I Timk:1:10. 2 I Tll.llk no. :,;ITB~ 1111· 

Vegel.alcoTer 

&lta,:im Baltenm Salt&n,u Bin llod sod sod 

Yean 1•Ptb, of water surlace (!eel). ~.33 0.80 ~·!' D.C2 
, 'fater .oss (;seiL---···-----........ . - ::.& ... '5 

These experiments, however1 a.re applicable only t-0 
areas of saltgrass where the depth to water is less than 
2 feet, or to bare land with the water table at the surle.ce. 

The rates of evaporation and transpiration dioohe.rge 
determined by White Nin the Escalante Valley, Utah, 
a.re believed to be more or less applicable to the San 
Luis Valley. The Escalante Valley, though lower in 
altitude, is comparable to the San Luis Valley in many 
respects, such as topographic situation, climate, rain
fall, and vegetative cover. White's results were 
based on experiments covering three growing seasons. 
In estimating the ground-water discha.rge, he~ 
the lands according to vegetative cover and e.ccor~ 
to depth to water. Thus in the lowland a.reu occupied 
by saltgrass associated with grea.sewood, rabbitbrush! 

• Tl~ R • .r., md Bart, 1'. C., FWd .ln'fffllpUom, 1!IIIO; ComrmiJl&ifl a 
~.~~ti,~ DUIW oJrJDU: Mail~l)t 110PJ 
In em fl4 tbt 8tM6 ~ omaa. Dcnr, CGlo., ~ 19111. 

Ii Wbitl. W. N., A m,t.bod ot llltlmatllla: pom1d,watar m~ b&lild. Oil~ 

by plats m,11 ~ trwi 111111., ~ of l!lwatlptioDll lD :t,cala.nte Valle1, 
U&ab: U.S. Gd. 8mYU Wla'-BupplJ' hper a.5-A, pp. 87, 88, lllU 
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and pfokleweed, with salt.grass domma.nt, where the 
depth to water wu from O to 3 feet in the spring and 
a to 5 feet in the fall, 1 a.cre--f oot per a.ere was taken as the 
probable ground-water discharge by evaporation and 
tnmspimtion. In the area where the chief ground
water plants were greuewood, rabbitbrush, a.nd ehad
sca.le1 with a light growth of saltgrass, and the depth to 
water was from O to 5 feet in the spring a.nd from 3 to 
8 feet in the fall, 5 acre-inches per a.ere was used as the 
probable ground-water discharge by evaporation and 
transpiration. On somewhat higher lands occupied by 
greasewood, ra.bbitbrush, and shadseale, where the 
depth to water was from 8 to 30 feet, 2 aere--inches per 
acre wu used as the discharge by transpi.ra.tion, with 
:no loss by evaporation. 

Lee• in Owens Valley, Calif., conducted tank experi
ments to determine the loss of shallow ground water by 
evaporation and transpiration, and from the results of 
these experiments he estimated the a.mount of ground 
water evaporated and transpired annually. 

Thus, knowing the depth to water and the kind and 
amount of vegetation, it is possible to estim.ate the 
amme.l discha.rge of ground-water by eveporation and 
trampiratio:n. Such an estimate (p. 249), based on 
Whlte's figures was made for the trough of the valley 
in the closed buin area, but no attempt has been made 
to estimate the discharge for the en tire valley. 

Unde1jlow.-The statement is made on page 241 that 
the grow:i.d•water oontoul'l? iDdicate movement of 
water t.owa.rd the Rio Grande, especially along its 
alluvia.I fan. ·Such movement is indicated by the 
stream-flow rooords at Del Norte and Ala.mosa. Tables 

247 

10 and 11 show the seepage gain of the :river by months 
for the ce.lendar year 1936, between the Del Norte and 
Monte Vista gaging stations and the Monte Vista and 
.Alamon gaging stations. 

These tables show that in all months in 1936 except 
January and November there was a net seepage gs.in 
in the river between Del Norte and Alamosa.. This 
seepage p.in amounted to a continuous .fiow for the 
year of about 72 second-feet. The two stretches of 
the river between the gaging stations are about equal 
in length, yet the i'eepage gain in the lower stretch is 
a.bout twice that of the upper stretch. Thia is to be 
expected, as the seepage water, which is no doubt 

· largely water diverted and used for irrigation, must 
move laterally a considerable distance from it.a point of 
a.pplica.tion before it enters the river as underflow. 
That the seepage gain is le.rgely irrigation water is 
shown by the facts that tbe largest gains occurred dlll'
ing the irrigation period, from April to October, and 
that in general during the late fall and early winter the 
seepa.ge gain was small or there was a seepage loss from 
the stream. There are DO data a.va.il.able to show from 
which side of the river the underflow is the greatest, 
but it probably oomes largely from the north side. 
South of the river, a. part of the underflow is probably 
interoopted by Rock Creek, which parallels the Rio 
Grande from Monte Vista. to Alamosa. 

It seems probable that prior to any irrigation develop
ment, the Rio Grande may have boon a losing stream 
pa.rt of the time and a gaining stream pa.rt of the time
losing while in flood, when the water spread over its 
flood plain, and gaining after the flood water h~d 

~ !.ea, C. 3., ,.u; mwwv; amdy ot the wuar ~ oi • po:i ot Owmu, Valley, 
Cali!.: 'O'. S. Geo.I. SUl'Vey Wat.er,Supply Pa))llllf 2114, 11112. 

• rooecietl. • I..Tnder its present :egimen1 ..iowever1 ..i10 

floods of any consequence pass across the valley fioor1 

T .. UUJ: 10.-Mon.tlily ,ummalion of inflow and di11erriom ,m th.e Rio Grande betwem thti Del Num and Monk Visia gaging 8tations to ah.ow 
uep«ge gain ,,,. waa 

I.All Q1W1t1t.1e11 w -~tl 

lllll' 1lLlluarJ" F~ Mllcb April ll,by June Inly A..npsi &~· Oc&ober Novem• Decem.- Total bet ber 

---
Bio Onwde at Del Norte ••••••••••••• II.DI 9,ffl 11,880 c,m m,:aco IIG. lllO IID,MG 37,670 27,100 15, l:!O 12, 113(1 D, 710 472,MO 
~w iJi~ble) ••••••••••••••••••••••• 700 700 1,6(10 2. IIOO 11,000 l, ffll MO l, llOO Ill)(! 700 700 700 H,ZM 

I.O,OllO 10,1ml 14,380 ... 1,M,200 • tilO,MO tO, 100 18,770 27,700 16,830 13,Gl l.0,410 &117,000 

~ =:::::::::::::::::::::::: 0 a& UM 11,4'0 I.Of.ff~ 71,MD u.m 18,230 aoeo U,K.'! 1,646 0 &.li5.Ul$ 
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as the water is diverted for irrigation. Siebenthal• 
mentions a seepage loss of 75 second-feet between Del 
Norte and Monte Vista, indicating that in the early days 
of irrigation development, the stream on the upper part 
of its alluvial fan may have been a losing stream. 
However, no such loss is indicated by the stream 
measurements of 1936. Even for March, the month 
of greatest loss between Del Norte and Monte Vista, 
the amount is only 1,215 a.ere-feet, or an average flow 
of about 19.6 second-feet. 

Artificial dra.inage.-A considerable quantity of 
shallow ground water is disposed of by means of the 
network of drains in the valley, but no systematic 
measurements have ever been made of this d.iscluuge. 
A part of the drain water is reused for irrigation and 
the rest is usually discharged into some stream. Prac
tically the entire visible inflow between Monte Vista 
and Alamosa is drain water. As shown by table 12, 
this a.mounted to about 91600 acre-feet during 1936. 
The amount undoubtedly varies from year to year, 
depending upon the available irrigation water. It was 
noted that during the shortage of irrigation water in 
July and August 1936, some of the drains were ho.rely 
flowing, while in others the flow was greatly reduced. 

Pumping.-During periods when there is a deficiency 
in irrigation water, the stand-by irrigation pumps a.re 
put in operation. As stated previously (pp. 243 and 
244) this practice has only become general within the 
Inst 5 yea.rs. The location of the pumping plants is 
shown on plate 11, and a brief description of each is 
given in table 12. 

The quantity of water pumped is variable, depending 
Jpon ..he a.,atlaoie 3upply ,:ii 3uriacc water. :0n ·.1ecoum 
of the permeable nature of the soils, a large part of the 
water pumped no doubt percolates back to the wa.ter 
table1 but at points farther down the slopes. 'fhu.s 
only a part of the water pumped is perma.nen tly removed 
rrom the shallow aquifer. 

A reconnaissance during the summer of 1936 showed 
that there were 176 pumping plants in the valley. Many 
of these had been installed since 1931, and some were 
just being installed. No measurements of discharge were 
made, but a reported dischaxge by the owner or opera.tor 
was obtained for 99 of the plants. These reported 
discharges ranged from 100 to 1,600 gallons a minute, 
with an average of 8.50 gallons a minute. On this basis 
the total ca.pa.city of all the plants, pumping continu
ously, would be about 660 a.ere-feet per day, or a.bout 
330 second-feet. 

Most of the pumping plants were operated with 
farm tractors or old automobile engines, a few were 
electrically operated, and some were operated by 

• Siebmth&I, C. E., Oeo1tia 11.11d ,nter - fJI. tba Sll1I Lula VallQ, Colo.: 
tJ. 8. Ger,l. W.....SUpp!J Papa: MD. p. 65, 1ml, 
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stationary gasoline engines. As the- plants are used 
only for standby purposes, the power unite were for the 
most pa.rt only temporary and were moved a.way as 
soon as the pumping period was over. 

General Conclualons 

Because of the limitation of time, the present investi
gation was necessarily qualitative in nature rather than 
quantitative, and the data were collected with the 
view of studying the nature and behavior of the 
water in the shallow valley fill rather than the quantity. 
Thus, although the processes by which water is added 
to and discharged from the shallow ground water have 
been discussed, no estimates hnve been made of the 
quantities involved. Quantitative studies based on 
work during only one season a.re not as a rule applicable 
over a period of yea.rs. It is possible, however, from 
the available data to make some statements as to the 
magnitude of the quantities involved. 

A.s shown on pages 244 a.nd 245, the principal area of 
recharge in the closed be.sin area is on the Rio Grande 
alluvial fa.n, a.s the result of irrigation. Using the co
efficient of tra.nsmissibility of 216,000, detern:tlned from 
the pumping test on well 12K13Dl (see p. 237)) and the 
hydraulic gradient of the water table as shown by the 
map (pl. 5), a rough estimate can be made of the 
quantity of water moving radially outward from the 
fan. In general the toe of the fan corresponds to the 
position of the 7,600-foot contour of the water table, 
above which most of the inigation and hence recharge 
takes place. The average hydraulic gradient along the 
7 ,600-foot contour is about 8 feet to the mile. Thus 

~ che J.vailable data inciicate· ~hilt for aacn ;niie J.iong :.his 
contour, water is moving out of the fan at the rate of 
about 1,900 acre-feet a year. The distance a.long the 
contour from the Gunbarrel Road (line common to 
Rs. 7 and 8 E.) to the Rio Grande is about 24 nules. 
On this basis, the mo-vement of "·ater out of the fan 
would amount to about 45,000 acre-feet annually. 

This water moving out of the fan into the lower part 
of the valley is disposed of by several processes. A large 
pa.rt undoubtedly is discharged by evaporation and 
transpiration in adjacent areas where the water table 
stands close to the land surface. Of the reznainmg 
part, some is intercepted by drainage ditches to be 
reused for i.rriga.tion or discharged into the Rio Grande, 
some percolates into the Rio Grande as underflow, and 
some percolates farther eastward into the trough of the 
valley and is there discharged by evaporation ud 
transpiration. This lateral percolation from the .1re1t. 
into the trough of the valley is believed to be relatively 
mne.ll. 

Nine samples of the water-bearing :material taken at 
or:immediately above the water table, from wells located 
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along and jqst west of the valley trough (wells 9M2Cl 9 

IOM2Al, llMlDl, 11M36Rl, 11N3Rl, 12N23NI, 
12Q6L21 I3Ml4D1, and 13Q20N2), were tested in the 
bydrologic laboratory of the Geological. Survey at 
Washington, D. C.1 for permeability. One sample was 
nearly impermeable and one had a coefficient of 
permeability of 900. The coefficients of permeability 
at the other wells ranged from 20 to 180 (table 4, p. 233). 
The average for the nine samples we.s appro~e.tely 
150. The thickness of the shallow valley fill along the 
trough of the valley from the vicinity of Moffat south 
to Washington Springs, based on all available well logs 
and information received from local well drillers, 
ranges from 24 feet to 185 feet, and averages about 90 
feet. On this basis the a:rerage coefficient of trans
mIBsibility in the trough of the valley was computed 
to be about 13,500. 

An inspection of the water~table map (pL 5) shows 
that the 7 ,540-foot contour of the water table encloses 
practically all of the valley trough from 2~i miles south 
of Moffat south to Washington Springs. The average 
hydraulic gradient at this contour is about 7 feet to 
the mile. Roughly the gradient on the east side of 
the trough is about twice that on the west wide, indicat.. 
ing that, transmissibility being equal, twice as much 
water percolates into the trough from. the east than from 
the west. However, it seems probable that the tre.ne
m.issibility is somewhat greater on the east side. None 
of the samples tested for permeability were taken east 
of the valley trough. Here the water-bee.ring material 
is derived from the nearby steep slope of the Sa.ngre de 
Cristo Mountains, and would tend to be coarser and 

. ience ".lave ,"'1'ea1er· :,e:r:meabilitv ·,han ',he -:nateriai 
transported a~ros~ th~ va.Jley fr~m the west. Using 
the data for transmissi.bility and the hydraulic gradient, 
the lateral percolation per mile past the 7 ,540-foot 
contour was computed to be about 105 acre-feet a year. 
The length of the 7 ,540-foot contour in its loop around 
the trough of the valley, from the vicinity of Alamosa 
north nearly to Moffat and then south to the vicinity 
of Washington Springs, is a.bout 75 miles. On this 
be.sis, the lateral percolation into the trough of the 
valley was computed to be about 81000 acre-feet 
annually. However, the water~bearing material on 
the east side of the valley is probably more permeable 
than that on the west side, a.nd to this extent the actual 
ground-water inflow may be eomewhat greater t.han 
the computed inflow. .As already indicated, only about 
one-thlrd of this inflow is from the west. 

In addition to mt.ddow there is :recharge by rainfall 
penetration, by artema.n•well discharge, and possibly 
upward percolation of artesian water, and _by surface 
water in the form of water applied in irrigation, waste 
drainage water, and stream fiow. Discharge of the 
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ground water is principally by ev;~;~n and tran
spiration as the contours of the water table indicate 
little if any outward percolation. There is no known 
diversion of surla.oo water out of the area. 

As indicated on pages 245 and 246, recharge to the 
water table by rainfall penetration is a substantial 
quantity. As the capacity of the water-bearing mate
rial to absorb additional water where the capillary 
fringe reaches virtually to the surface is not known and 
ss the texture of the soil a.nd the amount and intensity 
of the rainfall range wide]y, it is not possible with the 
data available to estimate the a.mount of rainfall pene
tration. It is possible, however, to estimate roughly 
the quantity available for recharge by rninfo.11. The 
area enclosed by the 7 ,540-foot contour is approxi
ma.tely 160,000 acres. By assuming that the rwnfo.Jl 
at Garnett, which was 7 .93 inches in the calendar year 
of 19361 is representative of the rainfall with.in this 
area, the amount of rainfall wa.s slightly more than 
1001000 acre-feet. 

In 1936 the discharge of artesian wells within the 
7 ,540-foot contour, based on the artesian in ,entory "\\"ll,S 

about 6,000 acre-foot. In addition there wns leakage 
of the a.rtaia.n wells underground and possibly upward 
percolation from the artesian aquifer. A part of this 
srtesia.n water is undoubtedly disposed of by enpora
tion and transpiration, but a. part of it produces re
charge to the water table. 

By using the evaporation and transpiration rate 
determined by White 27 for the Escalante Valley, Utah 
(p. 246)-tha.t is, 2 acre-inches per acre where the depth 
t9 water is ~ater t,han 8 feet. 5 acre-inches ?er •1rre 
vhere lt '.:s .from J .,o J feet, anci l a.ere-foot per acre 
where it is less than 5 feet, it is possible to arrin• 11.t nn 
estimate of the ground-water discharge. In July 1936 
the depth to the water table was greater than 8 feet iu 
about 18,000 acres, from 5 to 8 feet in about 69,000 
acres a.nd less than 5 foot in a.bout 74,000 acres (pl. 5). 
On this basis the annual discharge of the ground water 
within the 7 1540-f oot contour would be about 100,000 
a.cre-,feet. 

A recapitulation of the quantities involved in the re
charge a.nd discharge of the ground-water in the trough 
of the closed basin area shows that the recharge which 
can be attributed to percolation of unconfined water 
into the area. and to water discharged by the flowing 
wells in the area is equal to only a smllll part, apparently 
less than one-filth, of the ground.water discharge from 
the area. 

It therefore appea.m that most of the recha.rge is due 
to rairuall penetration and inflow of eurlace water. 

Ill White, w. N ., A method of lll!UmatlDI lf'Olllld•'lratef mpplles besecl OD dlsclw'p 
b)' pw1ai ud evapcntlcu from llllll; Rasnltll of lnvill!ltlptkms kl EIC&laDte Valle:,, 
'l]lah: ti. 8. o.ot. Bm-nly W.-.Snpply Paper 859-A, pp. 87,118, lll32. 
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Rio Graruk Joint Inwstigation 

········-· 
•••••••• 

480 
l'umpillg plot not illltalled. 

········GOO 2 wells c;il:lllccted-
700 Do. 
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l, l® 

········eo· 
•••••••• lil&O. 

J, 100 
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•••••• 1, GOO 

•••••••• t,00. 
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Pum pi.Ilg plant not bmalled. 

Do. 

•••••••••••• l"umplll& pla.nt not Installed. 

···········- l'llmJ;lnc plant not lmtalled. 
•••••••• 800 2 W~COlllli!Cted. 

•••••• 1,400 
Pmllplng plallt DOI l!lllllJtd. 

••• l,MO 

• • I., IIOO 4 wells llOllllected.. 
•• •••••••••• 2 wells COllllll!Cted, 
--······ 700 Do. 
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•- ... B------~ 
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Do. 
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Codned or Artaia.n Water 

Oatlme of Geelolle ud Areesl11111-water Coraclftlona 

(}fflffl11, ~.-The San Luis Valley is in the 
northern portion of the Rio Grande depression, de
scribed by Bryan in Section 1. The main pa.rt of the 
valley, north of the San Luis Hills, occupies a.n asym
metric structural buin in which has been. deposited a 

large body of valley fill, with depositional contacts on 
the west side and a strong depression to the east and 
southeast on faults that are now concealed but are 
easily inf med. The lower pa.rt of the valley fill is 
considered to belong to the Santa Fe formation or its 
&ppromnate equivalents of Pliocene age. 

The IWD.e Santa Fe formation, used :in this area by 
Siebenthal, is retained :in the present description in 
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order to give unity to the discussion of the older valley 
fill throughout the Rio Grande depression. The 
deposits in Colorado referred to as Santa Fe by Sie
benthal a.nd in this report a.re now mapped as the 
Hin&dale formation, which includes the Los Pi.nos 
member of dominantly sedimentary origin (seep. 208). 
The distinction probably has no hydrologic aignffica.nce. 

Resting unconforma.bly on this older valley fill is the 
Alamosa formation, regarded by Siebenthal 28 as either 
late Pliocene or early Pleistocene. The Alamosa for
mation lies at the surface over almost the entire valley, 
and in its uppermost pa.rt consists largely of sand and 
gravel, which contain the shallow ground water under 
water-table conditions that have already been de
scribed. At greater depths1 however, thls formation 
consists chiefly of alternating strata of sand and day, 
the sand strata containing large quantities of water 
under artesian pressure. In the portion of the valley 
lying north of the San Luis Hills flowing wells can be 
obtained over an area of about 1,430 square miles, the 
greatest length of the area of artesian flow, from north 
to ,south, being a.bout 66 miles and its greatest '\\idth 
a.bout 32 mHes (pl. 5). The numerous streams that 
enter the valley from the mountainous borders have 
built alluvial fans that coalesce along their margins and 
extend toward the interior of the valley, which is char
e.cterized by extreme flatness. The fans, especie.lly in 
their upper parts, are underlain largely by gravel, but 
toward the interior of the valley the coarse material 
gives way largely to sand and clay. 

Sama Fe formation.-The Santa. Fe formation is 
.~xposed in basalkap:ped mesas in the vicinity of Fort 
. Gariarid mci :n · e. series oi :ow .'.mls extenciing · from 
Trinchera Creek to San Pedro Mesa. On the west 
side of the valley the formation is represented by red 
sand and gravel about 300 feet thick with overlying 
basalt dipping gently eastward under the valley.a As 
seen in these exposures the Santa Fe formation con
sists of irregularly bedded sediments and associated 
lava flows. Its gravel beds are less regular and more 
cemented than those of the overlying Alamosa forma
tion, and its clay beds are less continuous. It has 
undergone more deformation and hence its dips a.re 
more erratic. 

In the sou them part of the valley, where the top of 
the Santa. Fe fonnation lies at or near the surface, 
several wells penetrated lava that is believed to be 
associated with this formation. 

The Santa Fe formation probably underlies most of 
the valley and attains considerable thickness. In the 
trough of the valley I however, the Alamosa formation 
reaches its greatest thickness, and only a few wells 
have been drilled deep enough to possibly enter the 

II S.-thal, C, F ~ e>J). elt., p, 48. 
• BiebmtJlal, C. E~ e>p, cit~ pp. II0-31. 

Bio Grandt. JO'i:nl Inoestigation 

Santa Fe formation. A test well;18 -4% miles east of 
Mosca, in the SWXSEX sec. 5, T. 39 N., R. II E., was 
drllled in search of oil to a. depth of l 1283 feet, appar
ently without reaching the bottom of the Alamosa 
formation. However, two other oil tests--one near 
Hooper and one near Mosca-may have passed through 
the Alamosa formation. These encountered flows of 
hot water below a depth of 2,100 feet, possibly in the 
Santa. Fe formation. In these wells definite interpre
tation of the strata penetrated is not possible, h<'cause 
of lack of detail with which the different strntn were 
reported. 

The oil-test well, I01'127Al, located about 2 miles 
northeast of Hooper, was drilled to a depth of 4,308 
feet, and a strong flow of hot water was encountered at 
a depth reported to be between 2,100 and 2,600 feet. 
This water has a temperature between 115 and 120 
degrees. A similar discharge of hot water resulted 
from the test well 8 miles east of Mosca, in sec. 11, T. 
39 N.1 R. 11 E., which wa.s drilled in 1915 to a depth of 
2,655 f~et. According to the log, the well originally 
flowed 350 gallons a minute, from a. depth between 
2,200 a.nd 2,655 feet, with a temperature of about 140 
degrees. 

The character of the formation at its outcrops indi-
. cates that the Santa Fe formation would probably not 

yield water a.s readily a.s the Alamosa formation. 
Sufficient evidence, however, ha.snot yet been presented 
to entirely condemn it as a. potential producer of water. 
Future prospecting for flowing wells outside of the 
present area of a.rtesian flow may serve to clarify some 
of the questions that have a.risen concerning possible 

• artesian a.ouiiers :i.n ~he .3a.nta·ge fonnation . 
Alamosd' form.ation.-The Alamosa. formation forms 

a continuous blanket of sediments that mantle almost 
the entire valley. 1n the interior of the Yalley it con
sists of alternating beds of water-bearing sand and den~ 
blue clays, but near the borders of the valley these beds 
are in part replaced by materials of coarser texture in 
the alluvial f a.ns. The formation is best known from 
the logs of artesian wells. 

The exact manner in which the sediments were de-
posited is not fully known. Siebenthal 11 beliend that 
shore features were indicated by coarse material near 
the edges of the fans and that the preponderance of fine 
materiel in the interior of the valley, together with the 
persistence and continuity of these thin beds of sand 
and clay, were proofs of deposition in a relati"ely deep 
lake. He pointed out that wells in the interior of the 
valley show heavy clay beds a.nd relatively few aquif en, 
whereas wells nearer the margin of the valley show 
thinner clay beds and more aquifers. Bryan bae., how
ever, reviewed the problem and has concluded that the 

• Siilbmli.lw, C. E., op. cU~ p. a. 
a Blabeau..l, C. E., op. di., pp. ff-411. 
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sediments are chisfiy stree.m and wind deposits and 
that the valley has not been occupied by any deep 
permanent lake. He infers that the valley floor was 
lowered coincident with deposition, and that the beds 
were deposited on alluvial plolns similar to those of the 
present on which temporary lakes may have existed. 
(Seep. 217.) 

The Alamosa. formation oonsistsla.rgely of alternating 
beds of water-bearing sand and relatively impermeable 
clay that confines the water within the se.nd aquifers. 
Along the margins of the valley the stm ta are inclined 
toward the interior1 and thus the water received in 
the higher parts of the alluvial slopes, le.rgely from the 
mountains, is transmitted through the aquifers to lower 
parts of the valley. Wben the confining beds are 
penetrated by wells on the valley floor, water is encoun
tered under sufficient hydrostatic pressure to produce 
Bowing wells. 

The number of beds of water-bearing ss.nd encoun
tered in the Alamosa formation differs from place to 
place. The sand strata range in general from about l 
to 20 feet in thickness, and are separated from one 
another by layers of blue clay ranging from a few feet 
to as much o.s a. few hundred feet in thickness. As a 
general rule, the greatest number of water-bearing 
sands may be expected in the interior of the valley, 
where the sediments presumably reach their mwcimum 
thickness. Thus, a 3-inch well, drilled in 1931 at 
the Ada.ms State Teachers College1 in Alamosa., to a. 
depth of 897 foot, was reported by Mr. Ray Wells, the 
driller, to he.ve encountered 10 different flows; Sieben
thal 82 records the log of a well in the southwest comer. 
>i ·lie:~~;. '.;ec.'],:' . .3; :::-f., R.: ·J £., :!:82 leet ;n iepth, 
which encountered eight flows; and several other logs 
were recorded which encountered as ml.I.Dy as 7 flows. 

There is little regularity in the number of flows 
reported for wells the. t a.re drilled even in the same 
neighborhood. Since the use of rotary drilling equip
ment is almost universal in the valley, there is litt1e 
doubt that many of the weaker flows a.re not reported 
in the logs. Thus, it is probable that in some logs every 
change in material is recorded, where in others only 
the stronger flows are recorded. On account of this 
la.ck of uniformity, any correlation of flows between 
wells is practically impossible, with the exception, 
perhaps of the first flow _encountered. 

Evidence has been presented to show that the shallow 
ground water and the e..rtesia.n water have a common 
source. Along the edges of the valley and especially 
opposite the mouths of the canyons, the confining clay 
beds give way to B&nd and gravel1 and this ma.~a.l 
strip, outside of the area. of artesian flow, is the area of 

a.rtesia.n ~-
• Slebmlth&I, C. E,. op. cit,. p. Ga. 
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Bovee of the A.rtesiu Water 

On acoount of the very nature of an artesian systen 
the artesian supply must come from water entering th1, 
higher portions of the system. All the requisites of an 
ideal artesian basin are present in the Sa.n Luis V11lley. 
Water derived from mountain streams flows a.cross the 
· alluvial slopes bordering the valley, enters the alluvial 
fan deposits, and thence passes into the sand strata, 
which a.re overlain. by the gently upturned confining 
clay beds. Some of the streams coming from the 
mountains to the ea.st never get as far as the vo.llcy 
floor1 while the volume of others is greatly reduced in 
flowing across the alluvia.I slopes. Some of the streams 
entering the valley from the west side are much larger 
than a.ny of the east-Bide streams, and they also suffer 
losses in passing across the gravelly stretches of the 
alluvial slopes. Perennial streams, such as the Rio 
Grande and the Conejos, contribute substantial 
a.mounts of water to the artesian aquifers, either directly 
or by seepage of irrigation :water. Much of the run-off 
ea.rried by the minor streams on the west side is likewise 
available for artesian reche.rge, as the streams also lose 
water by seepage where they cross the coarse-textured 
material comprising the alluvial slopes. 

By far the largest contributions to the supply of 
artesian water in recent yea.rs have come from seepage 
of the surface water that is used for irrigation, and tl1e 
aggregate seepage loss is now much greater than it was 
under natural conditions before the water from the 
streams was diverted for irriga. tion. The resulting 
increase in the artesian head is explained on pages 260-
'26 L Recharge of my ~rtesian stratum -~s. bo,we ... er. 
confuied :o -ii.- bei t ..ilong ~he margin oi ~he ,iiiley ihn t, 
is not underlain _by the confining bed of that stratum, 
and all artesian recharge is limited to the genern] 
marginal belt outside of the somewhat indefinite edge 
of the uppermost confining bed. In contrast, recharge 
of the shallow aquifer may occur by percolation to the 
water table in any pa.rt of the valley where the surficial 
material is at all permeable. . 

W a.ter that falls as rain or snow on any part of the 
marginal belt of artesian intake may contribute to the 
artesian aquifers by penetrating to the water tnblc. 
This process is closely allied to the building up of the 
water table by seepage from the streams and seepage 
of surface water after it has been diverted for irrigation. 
Owing to the complex nature of the several sources 
and the combination of effects governing the flow jn 
the artesian. aquifers, it is not practicable to isolate 
any one source from the others. 

The avail.able infonna.tion indicates that under 
present conditions the water table is held a.t a high 
level in those parts of the artesian intake belt that ar£ 
supplied by irrigation seepage and that this seepage is 
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the principal present source of a.rtesi&n recha.rge; 
"1.owever, it also indicates that there is also substantial 
echarge of the arteeia.n intake belt by seepage directly 

from the streams and by direct penetration of the rain 
and snow water. 

Upper Conb1111 Bed 

The first artesian flow occurs at about 100 feet near 
Monte Vista, at about 175 feet near Parma, at about 
250 feet in Alamosa., at about 125 feet in Blanca, at 
about 155 feet in Center, at a.bout 175 feet in Garnett, 
at about 200 feet in Hooper a.nd Mosca.1 a.nd at about 
115 feet in the vicinity of Swede Corners. Along the 
entire distance between Center and Hooper the first 
confining bed is struck between 80 and 90 feet. The 
railroad well at Moffat is reported to have encountered 
its first flow at 365 feet. The Ne.sh well1 in the 
SE~NEH sec. 71 T. 43 N., R. 11 E., 6 miles due east of 
Moffat, had a. reported depth of 520 feet to the first 
sand that produced a flow, at the surface, but other 
sands with water under artesian pressure were probably 
encountered at hlgher levels. A group of wells at the 
State fum hatchery, hali' a. mile south of la Jara, en
countered the first flow at depths of 40 to 50 feet below 
the surface, the depth to the top of the clay being only 
a.bout 30 feet. A well 2ji miles north of Manassa, in 
•.he NW}~NW}~ sec. l, T. 34 N., R. 9 E., encountered its 
.rst flow at a depth of 60 feet. 

Probably the most impressive evidence of the con
tinuity and effectiveness of the upper confining bed is 
in the fa.ct that nearly everywhere in the valley the 
water in the underlying aquifer is "under sufficient head 
'.O ·:ise 1oove :.he :evef Ji· ;he 1nconiined 3Uailow water. 
The pattern of the confining bed may, however, be 
lenticular in character with the impermeable lenses 
overlapping and interlacing to the extent that a.ny 
upward movement of the water is greatly impeded 
although not entirely prevented. Siebenthal 13 believed 
that the persistence of the upper confining bed is further 
demonstrated by the absence in the first underlying 
aquifer of alkaline water, such as the shallow ground 
water. However, as the water in this aquifer is under 
artesian head, it tends to move upward, thereby roe king 
downward percolation of alkaline water impossible1 even 
if the oonfimng bed is not entirely impermeable. 

Insofar es is known, the only natural rupture in the 
con.fining bed in the central part o! the valley discerni
ble at the irurle.ce is a.t the Washington Springs, just 
north of the Denver & Rio Grande West.em R. R., 7 

· miles east of Alamosa, in the northeast comer of sec 151 

T. 37 N.1 R 11 E. In 1906, Siebenthal 54 estimated e. :flow 
of about 10 gallons a minute from the base of Hansen 
'luff on the north side of the railroad and observed a 

• SlebmUw, C. l!:., op. cit., p. « .. 
• Biebatbal, C, :I,. op. dt~ p. 108. 
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pool on the top of one of the mounds --tb&i- constitute 
the co!l~inua.tion of Hansen Bluff. No such discharge 
wu vwble m 1936, although vegetation adjacent to 
the bluff gave evidence that there was a small discharge 
of ground water at that point. 

The failure of the flow of the We.shin.gt.on Springs 
was recognized by White u when he visited them in 
1916. He attributed the failure of the springs to the 
well development that had boon undertaken in the cen
tral and western pa.rts of the adjacent townships in the 
3 or 4 yea.rs previous to 1916, a.nd mentioned the fact 
that the Hansen wells1 located a few hundred feet from 
these springs I had almost ceased Bowing. During the 
present investigation it was learned that the drilling of 
wells on the higher land east of Hansen Bluff materially 
diminished the flow of other wells and of Washingt,on 
Springs. O:mversely, when wells were plugged on 
the lower bench in the vicinity of Hansen Bluff, the 
wells upon the higher land became respectively stronger. 
The mutual interference between the :flowing wells a.nd 
the Washingt.on Springs indicates the.t these springs 
a.re eesentially artesian in origin. Siebenthal 86 men
tions a spring mound on the lower land south of the 
railroad and in the same section as Washington Springs. 
When visited in the spring of 1936 the mound presented 
a hwnmoclcy surface with small round pools of standing 
water, but in the summer of 1936 there was no longer 
any water in the depN88ion.s, a.nd it was necessary to 
dig a sme.D. hole in the mound to obtain. a sample of 
water for analysis. 

PermeabHH:, ud Tnmnnimbility 
af the .u't~sian J,qui!er:. 

In the present investigation tests were mo.de by the 
method developed by Theis (p. 237) to determine the 
transmissibility of the artesia.n aquifers at five repre
sentative points in the valley. Although more such 
tests would have been desirable, the data obtained aided 
materially in making estimates of the rate at which 
water is transmitted by the aquifers. The tests were 
made on flowmg wells already in existence. The pro
cedure was as follows: (1) the static head of the water 
after the well had been closed for some time wss meas· 
ured, (2) the well was opened and allowed to flow for 
seven.I days, and the discharge was measured as accu
rately as possible from time to time as a check on the 
uniformity of :flow, (3) the well was again closedi and 
measurements of head were made periodically until it 
approached the original static head at the beginning of 
the test. 

The equipment used in these tests was comparatively 
simple. Expimding soil plugs were used to close the 

II White, w. N., Thi Ban Lala v.n.,, Colcndo; Irriptl!)JI from artes!all ... .n. 
&nd seu-1 ~ and fflUI.B&'I problmns Involved m land clusll!oatl1111: p. Ul, 
--1...,i ID Su of u. s. ~ a-,, Comerva.t!on Br.a.nm, 1916. 

• mtblmUlill, 0. E., op, mt~ p, Ulll. 
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wells. A mercury-manometer pressure gage, developed 
by G. H. Taylor, of the United States Geological Sur
vey, was connected to the end of the soil plug, and was 
used to measure the artesian head. The flow of all 
wells was small enough so that volumetric measure-

255 

men.ts could be made of their-dis-charges by simpJ~ 
using a 5-gall.on bucket and a stopwatch. 

The EllllSential data for each of the five wells that we. 
used for tnm.smissibility tests are presented in tables 
13 and 14. 

Well No. Location 

. IIK&<ll- ------------···--------- llff m.llel 10UUa of Saaimche ________________________ _ 
UM4B2.--·····----·-·------·-· 111 town ol Hooper•------······-----···-----------· 
12XHRL ••••••••••••••••.••••• G uilla DOll1l:least or Monte Vl.sla •• ------···-··-···-·--
1il.25E4 ••••.••..•• _ ••••••••••• 214 mlla nortlnrast of HL8B:l .................. _____ _ 
15IAE:l. •••••••••••• ------·-·-- 11 mJJaa 10Utbwein of .Alal:nosa •••• ---·-------··-······ 

Diameter 
(llleba) 

I Measured depth, 11136. 
1 G&1Tllloll MW & Elevator Co., well, U.S. Oeol. Surve, Wats-Sappl:, Paper 240, p. 8.5, 1910. 

Depth 
(leet) 

I :US. II 
740 

1 172. 6 
l 118. 2 
1 1:ic. a 

1133 
116.0 
18 
28 
llO 

kO 
f7.6 
U.l 
7.4 

23-2 

Period or 
I.est 

2. 4 Oct. 8-lO, 1936. 
l. D Ort. 22-28, 19~. 
1.5 ~t. 8-12, 11136. 
• 5 Sept. 11-2.5, 1936. 
• S S.pt. 9-15, 11136. 

T AE,Ll!l 14.-Record of the ,tatic head of 6 artuian well., during ~ perwd of teat, to determine tranamil.n"lnlity of the artuwn aquifer 

IIB:6(H 

Time 

Oct.6: 
4:-33 p. m ...•••••••• (:38 p. m_ _________ _ 

4:48 p. D!..------·---
Oct. 11: 

1°'411 a. m •••••••••• 
10:M a. llL ........ . 

1Ck58 a. m. ·-·------
10;53 1o. m. --·------
11:m a. m. --···-·-· 
11:oa a. lll---····---
11.'118 a. m. -----·-·-
11:0G a. m ......... _ 
11:12 a. m. ·------ •• 
U:I& a. l:tl •••••••••• 
11:21 a. m. .• ---··-· 
11:25 a. m---··----· 
11:30 a. m. --------· 
11:18 a. m ••• ··-----
11;40 a. m ...•.•••.. 
:l:f5 s. ;:c ••••••••• , 
:1,50 !1 • .J'l •• --··--·-
11:~ a. m ... ------· 
12:00 M ••••• ---- ••• 
12,10 p. m ... ·-··-·· 
12::IIJ p. m •••• ···- .. 
l~.30 p. m ••••••..•• 
12:46 p. m ..•••••.•. 
1:00 p. m •••• ·-··-·· 
1:15 p, m ••• ·-·-··-· 
1:ao p. m-----·--·--
1:45 p, m ••. _ •.••••• 
2:00 p. m_ ••••••.••• 
4:118 P- m •••.•.•.••• 

Oct~: p. m .•••••••••. 
11:20 a. m •.•••••••• 
U:26 a. m •••••••••• 

I Well opened. 
tWlllleloeed, 

Bad 
(feet) 

61.1511 
81.60 
(l) 

(') 
47.00 
47. 76 
48.16 
411.40 
a.so 
'8.~ 
G.10 
G.30 
'9.40 
G.60 
G.70 
48.85 
G.~ 
'S0.05 
,0, _j • 
.;0..:.5 
i0.3S 
1511.40 
.50.Ml 
l!O.l!O 
fll.70 
&l.80 
liO.W 
Sl.00 
81.llll 
11.10 
au 
ll.2.'l 
nao 
61.l'Kl 
11.lil 

UMIB2 

Tlm• 

Oet. 2il: 
l2:f8 p. m ••••••••• 
12:M p. m ••••• -. 

Oct. 211: 
1!42H p. m •• _ ••• 1:'814 p. m. _____ _ 
1:4' p. m. ••••••••• 
1~ p. m.. ••••••••• 
1:41 p. llL---·---
l:f7 p. m. ••••••••• 
1:48 p. m---······· 
1:~ p. m •••••••••. 
l:M p. m. ••••••••• 1:41 p. m_ ________ _ 

1:#ll p. m •••••••••• 
1:a p. m •••.•••••• 
l:M p. m. ........ . l:M p. m.. ________ _ 
1:5'1 p. Ill.. ••• -----
!:Ml 1,). m_ __ ,...,.., ..... _-~ 

•• ~OJ :, • .::i. •••••••• _., 
;:IX! p. m----·····-
2:~ p. m .••••.•••• 2:08 p. m _________ _ 
2:11 p, m •••••••••• 
2:H p. m-------··· 
2:17 p. m ••••. ____ • 
2:20 p, m ......... . 2'.23 p. m _________ _ 
2~ p. m ..••••••• -
2;30 p. m···---·--· 
2:14 p. m .. -···-··· 
:t«I p. m ••.••••••. 
J:~p. m .•.••••••. 
J:«I p. m .•••••• __ _ = C: ::::::::::: 
l:Oli p. m •••••••••• 
a:10 p. m •••••••••• 
1:13 p. D1------··--
8:2l p. m •••••••••• 
11:25 p,m ••.••••••. 
1:30 p. m-····-·--· 
I: C: ::::::::::: 
4:00 p. m •••••••••• 

~ C: ::::::::::: 
4:'5 p, Ill---·-----· 1:(1(1 p. m. .• ______ _ 

oet. 27: 
10:23 a. m .•••••••• 
10:30 a. m ••••••••• 
'-.114 p. m---·--·-·· 
•:10 p. m •• _ ••..••• 

Od.21: 
11:22 a. m ••••••••• 
11:31 a. m •••••.••• 

Read 
(feet) 

llK:HRl 

Sept. 8: 
1:111 p. m ••••••••••• 
3:215 p. m. .... -----
8:27 p, m-··-·---

Bllpt. 11: 
llk46 a. m .••••••••• 
10:t8 a. m. ·----·-· 
10:411 a. m. --·····-
10:&0 a. m. --····--
10:31 a. m. ·--···--
l0:152 a. m-·-··-----
10:53 a. m. ---······ 
J0:,5,1 a. m •••••••••• 
10:M a. m. -·-·····-
111:M a. m. ---·--··· 10-.87 L m •.•••••••• 
10:58 a. m. -------·· 
10-.fi a. m •••••••••• 
11:00 a. m. -·-------
,}~ :: ~::::::::::: 
ll:16 a. m ......... . 
11:3! a. m ••.••••••• 
n:25 a. m. ·--------
11:IIO a. m ____ .... _. 
11:33 a. m .• ·--·-··-
11:40 a. m ....... __ _ 
11:43 a. m_ .•..••••• 
n:SO a. m----····--
11:M a. m ••••.••••• 
12:00 M. ---·-··-·--
12:16 p. m. ·-·-··-·· 
12:30 p, m ••••••• __ _ 
12:'5 p. m •••••••••• 
1:00 p. m----··---·-
1:15 p. m .•• ----···· 
1:30 p, m .•••..••••. 
1:~ p. m .••••...••• 
2:00 p. m •.... ----·· 
f.:20 p. m ••••• --·--· 4:215 p. m. _________ _ 
4.:30 p. m ••••••••••• 

Sllpt.12: 
10:26 &, ID.····--• •. 
10:l!O a. m •. ·- ·-·· •• 
10-.315 a. m •••••••••• 
•:it p, In •••• --· •• --
4:25 p. m •••••.••••• 

1a.e 
13.8 
(1) 

(lleo 
uo 
11.10 
9.IIO 
11.40 
D.80 
II.GO 
D. 7ll 
t.110 
11.95 

10. 00 
10. i» 
10.10 
·o~ 
.0 . .;/) I 

10. 11D 
10. 75 
10. 90 
10.90 
u. 00 
lLOO 
11,05 
lLlO 
11.00 
11.:ll 
11.30 
ll.40 
11.~ 
ll. M 
lUO 
11. 'l'O 
11.'1'8 
lL 7a 
12. JO 
12.10 
L'UO 

UM 
12.M 
lll'Kl 
12.80 
12.GO 

Time 

Sept.14: 
2:44 p. m •••••••••• 

~ C: ::::::::::: 
Sept. 22: 

1:37 p, m •••••••••• 
1:111 p. Dl.---------
1:41 p. lll..---------
1:G p. lll.-----·-·· 
l~ p. D1----·-----
l:t7 p. m •••••••••• 
1:tll p. II]_··-······ 
1:31 p. Ill..---···--· 1:M p. m •••••• ___ _ 
1:M p. DL---···--· = g: :.:::::::::: 
2:08 p. m.. ••••••••• 
'!lO p, m •••••••••• 

. ~~ g: ~-::::::::::1 
2:25 p, ln-----···--
2;30 I), m •••••••••• 
2:40 p, m--·---···· 
2'.60 p. m--·-·----
a:00 p. m •..•••••.. 
·a:10 p. m----·-··-· 

!: !: ::::::::::: 
8:50 p. m ........ .. 
4:00 p. m--·-···---
4:1.'I p, m •••••••••. 
4:30 p, m---······· 
4:45 p. m •••••••••• 
5:llO p. m .••••.•••. 
ll:15 p, m •..••..... 

Sept. 23: 
10:83 a. m ••••••••• 
11:00 a.. m ••••••••• 
ll:o5 a. m ••••••••. 
2:12 p. m •• ----·-·· 
ll:17 p, m .••••••••. 
1:31 p. m •• _______ _ 
1:38 p. m ••.••••••. 

Sept. 9': 
12:07 p. m ........ . 
12:U p. m •••••• _ •• 

s.pt. :zis: 
4:54 p. m-··-···-·· 
a:oo p. m--·-····--

H11111d 
(lll!iet) 

fl. llO 
U5 

(I) 

(I) 
3.IIO 
t.15 
4.25 
t..O 
t.&O 
U!I 
4.l'IO 
4. 71 
UIO 
4.M 
t.90 
t.95 
5.05 
. ~.;c 

J .. 5 
.li.20 
6. 25 
11.35 
U5 
II.SO 
11.M 
6. 80 
5.115 
5.70 
5.75 
5. 75 
&75 
a.so 
U.'5 
6. go 
uo 
IU! 
uo 
e. .60 
U3 
11.M 
l'l.M 
IL llO 

e.m 
e. 70 

IL 95 
7.00 

Sept, 10: 
11:211 a. m. ---···-· 
11:40 a. m. ·--··· 
12:04 p. ln------··-

Bllpt. 14: 1!~ a. m _______ _ 
n:a1 11. m ••••..••• 
11:33 a. m. ·-···-·-
11:34 a. m .•••••••• 
11:36 a. m. ···--·-· 
ll :37 a. m. ···--··-11:38 a. m ••• _____ _ 
11:39 a. m. ·------· 
11:40 a. m. --------
11:41 a. m •• ··--··· 
ll:42 a. m. ·----·· 
11:43 a. m •• ----··. 
11:44 a. m. ---···-
:1:t5 a. m. ·-------· 

':i;!~ ~: ;:::::::::· 
11:(9 a. m ..... ---. 
11:31 a. m ........ . 
ll:Ma. m .••.••••• 
11:57 a. m •••••.... 
12:00 M ......... .. 
12:!lll p. m. ----· .. . 
12:10 p. m ...... ---
12:15 p. m ..• _ .•••• 
12:20 p. m •••.•••.. 
12:2$ p, J:11 ••••••••• 
12:30 p. m. -------· 
12:351), m.-•.•.•.. 
U:40p,m ....... .. 
12:~ p.m ........ . 
12:IIOp. m .•.••.•.• 
12:M p. m-----···· 
1:00 p. m •••••• ·---
1:10 p. m. ........ . 
1:20 p. m •••••••••• 
l:a:I p. m •. __ --·· •. 
1:40 p. m ••••••.... 
1:80 p. m ...... ----
2:00 p. m .•......•• 
4:il5 p. m •••••••••• 
4:10 p. m ••••...... 
4:16 p. m ••• ··-·· •• 
4:20 p. m •••••••••. 
4:211 p. m ••••••••• _ 
(:JO p. lll------···· 

S.pt.15: 
10:45 a. m .•••••••• 
10:80 a. m ••.•••••• 
10:&ll L m ••••• ----
11:IIO a. m ••••••••• 
t.-OC p. m •••••••••• 
4:1.0 p, m ......... . 
4:15 p. m ... ___ .. .. 

CO- 003208 

Held 
{feet) 

21,'/1) 
21. 70 

(I) 

(1) 
1J. 95 
H.o.• 
H,!" 
14,, 
H.t 
H.l!li 
U.75 
1'.80 
lt.~ 
lll. llO 
l&. o.:; 
18, 15 
15.~ 

•<,;5, ::o 
:s. ~5 
l~. 45 
15.SS 
1&. 70 
1&.11:i 
15.05 
lG. JO 
111.35 
Jl!.45 
JI!.~ 
18. 55 
JI!. 8.5 
JI!. !Kl 
)7.00 
17,JO 
J7. 20 
17. :IS 
17.30 
17.~5 
17.60 
17. 7D 
17.80 
17. 8.5 
17.115 
111115 
18. 70 
18. 75 
18. 75 
18. 73 
11.80 

:II0.35 
to.35 
ll0.35 
lll0.a5 
:ao.~ 
21.M 
:IIO.~ 
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The recovery equation of the Theis method involves 
uly two variables-that of log 10 (tit') and v'. From 

,ne form of the equa.tion the de.ts. for these two variables 
should plot as a straight line on semilog paper. It will 
be noted from figure 53 that, with the exception of well 
11M4B2, all the points fall very dose to a. straight line. 
Measurements on this well, for the first few hours of 
:recovery, :fall to the left of the straight line determined 
from later measuremenm. It will also be noted that the 
line is not continuous-the portion .determined by 
measurements near the end of the test lying pn.rn.llel to 
but on the left of the line for earlier measurements. It 
is not clear why all the points for this curve do not plol 
closer to a. straight line, similar to the other curves. A 
possible explanation may be had from the performance 
of the well prior to shutting it for the recovery meas· 
urements. 

The well had been closed in for about 6 months before 
the test. When the well was opened a large amount 
of fine sand and a small amount of clay were discharged 
with the water. The water also carried considerable 
inflammable gas. It was also noted, during this period 
of flow, that there was a definite surge of the discharge 
ooourring at irregular intervals. The discharge of 
sand and clay may have increased the permeability 
of the material in the aquifer immediately surrounding 
'be well. The static head, determined at the end of the 
~t, was greater than that at the beginning of the test. 

These factors may have exerted some influence, whose 
effect is shown by the failure of the measurements to 
plot as a straight line. 

As _<,he ::iead of an 'lrtesian well rises md falls in 
response ~o· ~hanges'in .. '.)arometric jressure' ,:p. 261),, 
all the measurements of head were corrected to a con
stant barometric pressure before plotting the recovery 
curve. In me.king the correction, it was assumed that 
the well was 100 percent efficient as a water barometer. 
The maximum water-level correction for barometric 
changes in pressure was only 0.23 feet, and most of the 
corrections were less than 0.10 foot. 

Computations for the coefficient of transmissibility 
are simplified by using as v1

1 the difference, from the 
C?urve, between the abscissas at the points where t/t' 
equals 1 and where t/t' equals 10. By doing this, the 
le.st term of the equation becomes equal to L The 
coefficients of trA.TJsroissibility for the wells, computed 
on this basis are as follows: 9K6Gl, 11,500; 11M4B2, 
between 1,800 and 2,300; 12K14Rl, 3,800; 14K25E4, 
7,800; 15L6Kl, 5~00. -

The average depth of the four wells (9K6G 1, 
12K14Rl, 14K25E4, and 15L6Kl) located on the west 
side of the valley, is about 160 feet, and their average 

iefficient of tnrnsrnissibility is a.bout 7,000. The four 
, ells penetrate an average of 125 feet below the top of 

the first confining bed. On the basis of a. thickness of 

Rio Gram.e Joi-nt lmJenigation 

125 feet, the computed average permeability is 56, 
including the confining as well as the productive beds. 

Read of the Artesian Water With Refereuee 
to the Luci Sudaee 

The pressure head of water at a. given point in en 
aquifer is its hydrostatic pressure expressed as the 
height of a column of water that can be supported by 
the pressure. It is the height that a column of water 
rises. in a tightly cased well that has no disrharge.31 
Dunng the course of the present investigation the heads 
of ~nl! a few wells were. mes.sured, partly because only 
a linuted amount of tllne was apportioned for this 
phase of the work and partly because it wa-s difficult 
to get permission from the well owner to close the wells 
on account of the possibility of injuring them. As 
most of the wells in the valley, except the city wells, 
are only partly cased, it is generally feared that any 
sudden changes produced by closing or opening the wells 
might cause the wells to cave, and thus to reduce their 
flow.. No ill effe~ts were noticeable after closing and 
opemng the wells m the valley on which measurements 
of head were made. 

During the investigation monthly measurements 
were me.de on 22 artesian wells. Of this number 14 
are on the Rio Grande alluvial fan, 6 a.re in the vicicity 
of Diamond Springs, in the southwestern part of the 
va.Uey, and 2 are abandoned artesian wells in the closed 
basin area. 

The wells on the Rio Grande alluvial fan either 
la.eked sufficient head to flow at the surface or were 
intermittent, that is, flowing during only a part of the 
year. r~l'~ee · )i she- wells .in _ the nci."tit.v )!: uiamond 
Springs flowed, and these were shut in l~ng enough to 
obtain- measurements of head. The other three wells 
did not have sufficient head to flow, and hence their 
water levels were measured from the tops of the casings. 

Tables 15 and 16 show all measurements that were 
ma.de on artesian wells during 1936. 

Tau.: 15.-Reoorda of water kvelti in artuian well8 of San Luu 
Valley 

10127Al:-u1W1own. Domestic ud stock well, 2 Inches io diameter, drilled Ill 
leet deep. M~ point, top o! IJUiD& 0.2 root abon land swtace. 

trr. , . u:1:111 •••••••••••••••••• 
QDe 8, 1936.......... •. . -·-

Depth 
to water 
((eet) I 

0.31 
+uo 

Dec. IS, igJG................. +I.IS 

10128Al.-L. M. Ollnizler estata Steck well. 2 inches in diamellr. drillf!d l3Sfeet 
deep. MIUllJ'llll point, top or lower valve ••t 0.6 root above land sorfaca, 

Depth 
to water 

(feet) I 

9.41 
8-1.13 
i.34 
7.23 

Depth 
Date lo ntrJ 

(fRt)I 

Aag. 1e, 11136................. no 
Sep!. IB, 1!136................. 7.1$ 
Oc!. H. 1113ll.................. I.IS 
n..c. 18. lll3ll. ·---·········- •• 7. T.I 

1 Plus Blp pn,oedill& meuwemeut Indicates water level above mNSurt11c point. 

11 Metmer. 0. E., Outllne OI IIJ'OUDd-wat.er hydrology, '"1th deftnltiOllS: t1. s. Gaol 
Survey Wimr-Supply Paper 41H, p. 37, 15123. 

CO- 003209 
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T ABLB UL-Record.a u/ wcter ktieu in artesian wella of San Luis 
V~ontil:lued 

nru1.-A. K. Dietrich. Domellllc r.nd stock well, 2 lnchm ill diameter, drilled 
180 feet deep. M~ polllt, top o! CIL!WI&, 0.2 root above land surface. 

!: : i,I?~::::::::::::::::: 

Deptb 
ofwattt 
(1.Qches) I 

Dal.e 

o. 2G June 8. 11138 •••••••••••••••••• 
(1) Dec. 18, 1113!L ••••••••••••••• 

Deptb 
to water 
(reel), 

+1.311 
+.34 

11J13CI.-Mn. J.C. Hynds. Domestic well, 2 lncbes ID dlametllr, drilled 1.50 feet 
deep. Measurilll!: point, topofCII.Slll&: O.l footabovelr.nd ml'faoi!, altitude 7,882.70teet. 

Date 

Apr. 7, 11136 ••••••••••••••••••• 
JUDl! 5, 11136 ................. . 
July 10, 1936---·········--···· 
July 20, 11136 •..•••• ----·····-· 
.&.111.1.8, 1930 ................ . 

Deptb 
to water 
(feet) I 

1.117 
(I) 
(1) . •1 

.52 

Date 

Sept. 18, 1936-............... . 
Oct. 111, 1ro6 ................. . Nov. 16, lll36 •• _____________ __ 
Dec. 17, 11136 •••••••••••••• _ •• 

Depth 
i.o water 
(feet)' 

0.26 
.oo 
,31 
.119 

UJ13Rl.-Boward Ma.ey. Stock 111rell, 2 lncbes In diameter, bored 123 reet deep. 
Meuurma: point. top of ca.sin( 2.2 teet abov6la.nd IIW'1ace, alt.itude 7 ,!lll0.68 feet. 

Date 

Apr, 18, 11136 ••••••••••••••••. 
May Ii, 11136 ..... _. _________ •• 
June 8, 11131l------·--·······--
Ju.ly 20, 1936 ••••••••••• ···-·· 
Aur. 18, 11136 ••••••••••••••••• 

lpr. ,8. !936 ............... --, 
:'.fa, ,, -'~------------- ..... , 
:nne ~. :936 ... - .............. 1 
Ju.Jy 20, ]936 ••• ············-
Aus;. 18, 1936 ••••••••••••.•••• 

Deptb 
to water 

(feet) 

5. i~ 
3.7:? 
3,.05 
•. 33 
4. 0B 

Depth 
to water 

(feet) 

Date 

Sept. 18, 1936. _______________ _ 
Oct. 14. 193(1.. .............. .. 
Nov. IG, lGM ............ -----
Dec.17, 1930. ············-··· 

Date 

'!. 74 Sept. :s. :936 ................ . 
.. ;i.;1 I Jct.:· .. 936 ... : .............. 

1 

l. 231 Nov. IB, !93!! ........... .----
1. 77 Dec. 17, 1938 •••••• ______ ••••• 
1.89 

Depth 
to wat!ll' 

(leet) 

uo 
4.29 
4, 5l> 
5.15 

Depth 
to water 

(feet) 

:. 57 
:.,l 
1. 63 
L 11B 

UJIU'l.-1. H. Boats. Domestic well, 2 incl!es in diameter, bored 145 feet deep. 
Mlllllllll'llll: pomt, top of lower nlve seat of s1.1Ctlcm pump 2.0 feel above IBDd IIW'fa(:,!l, 

Date 

~pr. 18, ]1136 ••••••••••• -----
May ~. 11136 •••••••••••••••••• 
1nne 8, 1936 •••••••••••••••••. 

i~. ~. \tk:::::::::::::::: 

9. 40 
& 11 
8. lfO 
7.00 
7.32 

Date 

Sept. 1.8. 1936 ••••••••••••••••• 
Oct .•• 11135 ••••••••••••••••••• Nov. JG, 1936 ________________ _ 
Dec. 17, 1936 •••••••••••• _. __ _ 

Depth 
to 111rater 

creet) 

'i'.12 
7.12 
7.•s 
S. l9 

llJZIIU,-Mn • .AJJn.a McCorm.iclr. Domstlc well, 4 inCIHI! lD diameter, drilled 
UGH raet deep. M~ poillt, top o! lo111r11t valve 8ffit or auwon Plllllp u feet 
aboft l&lld llllface. 

Date 

~- 18, lll3e ________________ _ 

BY I!, lll:IG ................. -Jone 8, 11138 _________________ _ 
JuJy llll, 11136 •••• _________ • -,. 
Aus:. 18, lll36 ••••••••••• ·--··· 

Depth 
1.0'lll'atff 

(feet) 

11. ll 
7.10 
5. 72 
IUI 
8. (5 

Depth 
Date to Wit« 

(feet) 

Bept. 18, 1930 .. ---·--- •• •••••• 6. 22 
Oct. H, 11136. ................ II. 19 
Nov. 1e, 11136 ....... ·-······- 11. 511 
Dec.17, llil30 •••••••••••• ----· 7. 02 

257 

TABLE Ui.-Ruorda of waUT kveu in artuian welu of San Li,:
v alley-{)ontinued 

UJ2.5l'U.-Roy MeComJ!!ll. Dommtlc well, 2 IIlcbes In dlam1!w, drilled 207 
deep. MIIIISWing point, !Op of 2-lDeb Wlion In tbe period Apr. 7 to JUlf 111; on 11,i.~ 

aft. luly 20 top of awns O.H root below top of 2·lncb mtion and i.o feet above land 
mrtace, altitude 7,682.81 feet. 

m· 1. 1936 •••••••••••••••••• 

Ju~~:: f:t::::::::::::::::: 
July 20, 11136 ••• ···········---

Date 

Ma.r. 17, 1935 ................ . f/:r. 16, 193/l ••••••••••••••••• 

Ju~! f;: ::::::::::::::::::: 
. July 16, lll.'16 ............... .. 

Depth 
to water 

(feet) 

2.IIO 
l. 78 
.91 

11.3~ 

Depth 
to watff 

(reet) 

Date 

Aug. 18, 1936 ••••••••••••••••• 

~~\; .1:6,l~Jk:::::::::::::::: 

Date 

2. 27 Ang. H. lll3i .. -··-----······· 
2. 29 &pt. 15, 1936 ................ . 
0 Oct. 13, 1936 ................. . 
0 Dec. 11, 1936 ................ . 
0 

Depth 
to 'l;'afer 

(f~t) 

1.05 
,11,j 
uo 

Di!plh 
to water 

(feet) 

(I) 

0 
0 
0 

lll.112Pl.-Lyman Wright. Stoa well, 2 Inches In diameter, drilled 138 reet deep. 
Mea.surlDg point, top o! ca.slDg 0.2 root above land surface, altitude, 7,1181.74 f11et. 

Date 

Mar. 30, 1936 ................ . 
,Apr. 3, 11130 ••••••••••• ______ _ 

ti:.;.~\\:~::::::::::::::::: 
1une 8, 1936 ............. --··-
July 17, 1937 ................ . 

Depth 
to water 

(feet) 

1. 78 
2.00 
l. 70 
1.23 
.O'J 
.30 

Date 

!,Ult. 17, 19M ............ ____ _ 
S~pt, 17, 1930.--.------·-····· 
Oct. 14, I93e ...... _ ......... .. 
Nov. 18, 1936 ................ . 
Dec. 17, 11137. •••·•••••••••••• 

Depth 
to water 

(feet) 

0.12 
.01 

0 
.(1 
, 81 

l2113Cl.-B. A- Matblll.il. Btoclc well, 2 inclles in diameter, drllled 159 feet dee. 
Mea.smilli polDt, top of ca.sing at la.lld IIUJ'f=, altitude 7,680.38 feet. 

Date 
Depth 

to water 
(feet)! 

~ -~~ ;7, ?:;6· ---- _______ · .. · .... -· ·---···-------------···· ·-···--······! J. 81 
+.as 

l.2J26D1.-F:nm.lr C. Seyfrlad. Domestic well, 2 blcbes ill dia.i:new, drilled 168 feet 
deep. MBIISUJ'llll poitlt, I.op of casing o.5 foot above land surlace. 

Date 

Apr. 10, 1936- •••• --------···· 
May~. 19311 •• _ ••••••••••••••• 
.JUDe 8, 11137 .•••••••• ------••• 
Aa&.17, 11136 ••• _ ............ . 

Depth 
to water 

(feet) I 

2.110 
168 

+.17 
.04 

Date 

Sept. 17, 1936.--------········ 
Oet.14, 1936 ........... ______ _ 
Nov. 18, lll:16 •••••• -----······ 

Depth 
to water 

(!eel) 

o.38 
.'ill 

1.43 

12K8Cl.-VB.1J OstmDd. Stock well, 2 IDclles ID dlamater, drilled 1156 feet deep. 
MIIUW'il:li polDt, top ofS-illch g&lvanllled Iron utemlon to 2-lDch CIWlli ~-5 feet above 
Wld lmfaoe, all:ttude 7,677.811 feet. 

July 10, 1936 ... ·····-·······. .July 21, 11138 ••• _ ••••••••••••• July 24, 19311 ____________ . ____ _ 
Ju)y 27, 11136 ................ . 
lulY 28, 1936.----····-------· AUi. 3, 11136 _________________ _ 
,Aug, 10, l113fi .............. _ •• 
Aur. 17, 11138 ••••••••• --·-···· 

Depth 
towal.t>r 

(fem) 

• l.46 
1. 75 
1.112 
1.110 
l. Gl 
1. Bl 
Ull 
l. 77 

Date 

.Aug. 2a, 1113!1 ...... -------·--· 
Sept. l, 11136 •••••••••••••••••• 
Sept, B, 11136 .•. _ •••••••••••••• 
Sept. 15, 111:!6. •••••••••••••••• 
Sept. 22, 11138 ................ . 
Sept. 211.11136 ................ . 

~t: h.1:!k:::::::::::::::: 

CO- 003210 

Deptb 
to water 

(feet) 

1.56 
1.47 
1.33 
l. 28 
J. 22 
1.15 
I, JII 

61.23 
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TilLJ: 15.-Reccrd, of wcter l,wl, ifl csrlui:in 1NZu oj San Luu 
V a.Ueit-eontinued 

12lUD1.-Va.n Ostrud. Comelltk ud aiock wall, 2 kwbell ID d~. bored 
l7U ffll!t deep. Mea.sur1tlc pomt, top of Tee on oasmg, 11.11 root above land mr111ce, 
altlmde 7,GII0.08 IINL 

J11'7 10, 11133 __________________ _ 

Jul:, 21, 11136 ••• -·············-· Aug. IO, 1936. _____ ,_ ••••••••••• =·· lb:i.:::::::::::::::::: 
Sept. 8. lUMI ••••••••••••••••••• 
&pt. 15, lll3e ••••••••••••••••• -· 

.A.pr. 15, 11136 ••••••••••••••••••• 
May U, lll30 ••• ----·········--· 
Jame 11, 11136 ••••••••••••••••••• 
July 13, 19311 ................. .. 
Aug. 13. 1930 ••••••••••••••••••• 

Date 

Apr. 14, 11136.--•••••••••••••••• 
Ma:, M, llil36 ••••••••••••••••••• 1utlfl 10. 1!136 _________________ •• 

11.46 
.81 
.67 
.113 
• 61 
.a 
• G 

Sept. 22, 11138 •••• ______________ _ 

~~l'i~:::::::::~:::::: 
Oct. u, 19311. _____ ·-··········· 
Oet. 3l. lllM •••••••••••••••••.• 
Nov. 115, 11136 .................. -
Nov. 17, ll!M. •••••••••••••••••• 

0.18 .u 
, 31 
.117 
.40 
,G7 

1.09 

l. M Sept. 12, 1G3tL. ----·--. ----·-- l.71 
l.118 Oet. 12, 11136-·-············ •••• 1. &6 
l.8.15 Nov. 10, lffl .••• -------·-······ L l5Q t n Dec. 10. lll36.------·-·······-·- 1. .a 

.a.as 1uly 23, 11138 ••••••••••••• _______ 4.98 
C.411 Aug.19, 11136................... 8.8.2 
t.Sll 

llLI.SRt.-0. O. Kenton. U1111.11ed well 2 lnebes In dWD81er, drilled 75 reei deep. 
Meuurlnl point, wp of eut111 level with lalld llllffa,ce, 

Jane 8, 11136 ................... . 
llllle 10. 1936. ·····-------······ 

1.47 Sept. 21. 11136 ••••••••••••••••••• L83 
U8 
l.Clll 
1. 70 

luly 211, 11138 ••••••••• _____ ••••• t~ g.~.lfs.l~-:::::::::::::::::: 
Aul. 19, lUMI ••••••••••••••••••• L M Dee. 115, 111311 ••••••••••••• _ ••••• 

July ;,.1.1124 •••••••••••• -•••• ..1 t'I-! If Ort. 1~. 1!131L. ••••.•••••••••••• I +p~ 
te~·- :l')~_-_-:::;::::::::::::i -:;:.u. II j:· J 4::::::::::::::::::::i . :r,)) 

A.pr. 13, 1113& ••••••••••••• -.... . 
May ii, 11136 ................... . 
Jane 10, 111311. __ ····-··-·-····--
July 211, 1113& ••••••••••••••••••• 
AUi- 19, 11!38 ••••••••••• ------·-

Sept. 21, l'131L ........... _ •••• 
Oct. 15, 11136 •••••••••••••••••••• 
NoY. 18, 11136 ••••••••••••••••••• 
Dec. 11!, 11136. ···- •••••••• ·····-

:us 
• 2. 911 

2.111 
8.40 

Apr. D, 11136................... 1:1.118 Sept. 21, 11136. •• •• ••••••••••••• O. 40 
Ja.1111 10, lllM _____ .............. +1. GO Oct. 15, IJl36_................ +. 83 
Jul:, 113.11138. •••• -............ +1.11111 Nov. 18, 11136 •••••••• ---·-···· __ +. 57 
Am. 19, la ..... ----···-··· +. 'l'O Dec.18, 19118................... +.Gl 

,I.pt. 11, lll3&. ···-············· 0. '10 
.11ll:lll 10, 11illMI................... 12. 0. 
Jal":, 21, 11138................... 1. ea 
Ana. 19, 19316................... l. to 

~~-J~·1=::::::::::::::::::: +.t: = 
Nov. IS, 11136................... +L:!7 
Dec. 16. lft................... +. 76 

Rio Grande Joim Investigation 

T nx.i: 16.-Heaa of wttr in cmain..a,ru.rian well, and of M elntirt 
8-pringa, Son Luu Vallq, -erxo. 

Estlmat.ed Measun.:I 
APPtOXI· 

alt.ltude of ~ 
Well uo. Loo:aUon land surface bead With mate bead 

(feet above relerence to Wll.h reter-
thela.ndsur- enc. to sea 

-leveJ)I 
face, la felt lel'el 

lli:501-•••••••••• 11!,imllalmul.hOC~ '1,5111 M.O ,.~ 
10J27Al •••••••••• 2 mlles north 111d 4 miles 7,672 1.0 7,ffl wm lrom Cent.er. 
llMiB2 .......... Ia town orBooper •••••••• 7,557 4-8.0 7,GOS Wl2PL ........ , mUes nortll of Monte 7,575 0. 3 7,G7~ Vata. 
12:K:GCl ••••.••••• e miles north or Monte 7,1!66 u 7,G70 VI.st&. 
I.B:UB.l ••••••••. &miles nDl'theut of Moote 7,815 15. 0 '1,MO V!ata. 
13Q2Nl •••••••••• 12 miles east and 7 lllllil3 7, 700 14. i+ 7,71H 

iiortb from AlamCISII. 
13Q30RL •••••••• ; miles 11orthfl&St of Ala· 7,572 12.IH- 7,Wt mosa. 
1'B:2.5E4 ••••••••• 2~ miles northwest or 7,619 7.~ 7,627 

16IAE.l. 
HMlOAl ......... ''il11cher Well" ill Ala- 7,630 152. O 7,592 

m-. 
14814QL ••••••••• In wwn o! Bl.a.nca.. •••••••• 7,746 e.o 7, 7$2 
1SL6Kl •••••••••• 11 miles 11011tbwest ol 7, 61~ 22.0 7,637 Alamosa. 
JGLHPL •••••••• At llehoolb011M In La Jara. 7,GO:l lG. IH- '1,617+ l6L31Al ......... Oi miles aoutbwest of La 7,1142 8. 0 7, 6.50 Iara. 
l15M24LL-•••••• I milm 111:1.St of Sanford. ••• 7, &00 6.0 ?,51lS 
1GN18El ••••••••• McIntire Bprlna, •••••••••• 7,520± 0 7,~ 17L23.H •••••••••• At wst edge or Mam.ssa. 7,MO O:::I:: 7,ea>::!:: 

1 Ba.sad on Wpop'apblc map or San Luls Valley, U. 8. Oeol. Survey Wa&er-S11pp!y 
Paper 240. pl. 1, 1906. 

• Rapom,d measunmient. 

The highest head measured in 1936 was that of a 
3-inch well (9K6Gl) owned by Victor Crow, a.bout 11M 
miles south of Saguache. After being closed in connec
tion with a tra.nsmissibility test (table 14) the head in 
this well built up to 54 feet with reference to the la.nd 
surlace, at which point it was about a.t equilibrium. 
The head on well llM4B2, at Hooper1 as measured, 
was somewhat over 47 feet. The five wells recorded in 
table 14 a.re the only ones on which pressure measure
:nen ts --VP..re -made Jver· :i 31lificiently ~ong :;hut-iri-,9eriod 
to insure essentially complete equilibrium conditions. 
Measurements of head were ma.de on a number of other 
wells, but the readings were generally taken after only 
short intervals of sbut--in, when equilibrium conditions 
had probably not yet been fully reached . 

.At La Jara a well (16L14Pl) was drilled in September 
1936 to be used as a water supply for the Consolidated 
School there. It was drilled to a depth of 283.5 feet 
and was cased with 4-inch casing to 200 feet. .A. R. 
Ma.rt.in, of Sanford, the driller, reported that flows were 
encountered at practically every 20-foot interval below 
a depth of 60 feet, with the possible exception of the 
220-foot horizon. The well was supplied from flows at 
appro:rime.tely the 240, 260, and 280-foot horizons, 
which increased in strength with depth. Upon com
pletion, the well was allowed to flow without reduction 
for a period of 8 days, following a practice common 
among drillers in the volley to give the well a.n oppor
tunity to clean it.self of sa.nd and to create a. cavity at 
the bottom. On October 31 1936, it had a measured 
clischa.rge of 125 gallona per minute. The well was shut 

co - 003211 
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in at 11:20 a. m., and by 1:22 p. m.t the head was 15.95 
feet with reference to the top of the ca.sing, or about 
16.5 feet with reference to the land surface, which was 
probably still a little below the head at complete 
equilibrium. 

Well 13Q30R1, on the Stone ranch, about 9 miles 
northeast of Alamosa, was shut in during a 7-minute 
interval. The initial measured head was 9.2 feet and 
the final one 10.5 feet with reference to the top of the 
casing, or 12.5 feet with reference to the land surface. 
This well is 3 inches in diameter and bad a measured 
flow of 24 gallons a minute. Well 13Q2NI, owned by 
C. M. King, 12 miles east and 7 miles north from 
.!le.mosa, on land formerly belonging to the Calkins 
ranch, had a head of 14.1 feet with reference to the land 
surface after having been shut in for 4 minutes. The 
well is 2 inches :in diameter and had a measured flow 
of 7 gallons a. minute. 

The '13ucher" well, 14Ml0Al, on the east side of the 
river at Ale.mosa., taps an aquifer a.t a depth of a.ppro:ri
ma.tel; 932 feet and is one of the oldest and deepest 
wells drilled for artesian water in the valley. The 
owner reported that a gage on the well recently showed 
a pressure of 27 pounds to the square inch, which would 
be equal to a water level 62.3 feet above the point of 
measurement. Siebentha.1 88 states that in 1891 Car
penter reported a. head of 56 feet. This difference may 
be due to an increase in pressure, or to diff erenees in 
the calibration of the gages used. 

As a general rule, the head in any locality increases 
somewhat with the depths of the successive sands. As 
explained by Siebenthal, this range in he_ad is due in 

- ?a.rt'to lnterierence :Ji J. · greater !lwnoer ,Ji ~eils :.ap-· 
ping the shallower artesian strata. It is probable, 
however, that there was an original range in head with 
depth. Beneath the center of the valley the e.rtesian 
beds are nearly level, but near the margins they slope 
upward. Near the outer limits of the basin the con• 
fining members of the upper flows feather out and a.re 
reple.ood by ss.nd and gravel. Presumably the confining 
beds of the lower aquifers extend fa.rt.her up the slope, 
and as their intake areas a.re suooess:i.vely higher, their 
heads are respectively greater. 

· The map (pl. 5) shows the area of artesian flow in the 
San Luis Valley-that is, the area in which the artesian 
·water is under sufficient pressure to rise to the top of 
the wells and overflow upon the land surface. This 
area includes the entire interior pa.rt of the valley and 
in some places extends considerably up on the alluvial 
slopes. In 1936 it covered about 1,430 square miles. 

On the ea.st side of the valley the occurrence of five 
flowing wells in Blanca, drilled after Siebenthal's report 
was written, has increased the known area of flow. 

• 81ebentbel C. E., Cl]). alt., p. 117. 
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White,19 in his report on the valley, written in 191P 
recognized the possibility of an extension of the area 
ffow to the east, and raised the question as to whethe1 
the Blanca area is separated from the main area of 
artesian flow. Although the.re is insufficient informa
tion to answer this question definitely, the available 
evidence indicates it to be a separate area of flow, some
what as shown. on the map. It is possible that the 
artesian aquifers a.t Blanca. are separated from those of 
the main artesian basin to the west. It is known thnt 
two farms on the highway 3 miles northwest of Blanca 
depend solely upon shallow wells for their domestic• 
supply. There a.re no artesian wells between Blanca 
and baldy station, 6 miles west, but west and north of 
Baldy station there are several nonflowing artesian 
wells. 

H:,dradc Gradients and Dlreetlon 
of MoYeme:at of tlae Artealu Water 

The data on head in table 16 show that the movement 
of the artesian water is from the sides of the valley 
toward the interior. Thus the head with reference to 
sea level is 7,645 feet in well 9K60 l, and 7,605 feet in 
well UM4B2, 18~ miles southeast, giving a gradient 
between these points of 2.1 feet to the mile. The bead 
is 7,673 feet in well 10J27 Al and 7,605 feet in well 
UM4B2, 16~ miles east, giving a gradient from west 
to east of 4.1 feet to the mile. Thus also the difference 
in head between well I2Jl2Pl and well UM4B2 is 
70 feet in a distance of 17 miles, or a gradient in a 
northeast direction of 4.1 feet to the mile. The 
gradients in 'mY ')Ile 1rtesian bed ll"e -::irobably ,ome
,vhat greater r.han r.hese ~ .;igures, :.i.8 · we.il l iM4B2 is 
740 feet deep and those used for comparison are only 
between 135 and 220 feet deep. It is known that the 
a.rtesian head in any locality increases with depth. 
No data. were available on measurements of head along 
the northeast edge of the valley, but it is not unreason
able to assume that the :movement of water would be 
toward the center.of the valley. On the east side of the 
valley, howevm\ two measurements of head indicate the 
following relationship. Between well I3Q2Nl and 
well 14M10Al (the Bucher well at Alamosa), the 
difference of head is 122 feet in a. distance of 14 miles, 
indicatmg a gradient t.owa.rd the center of the valley 
of 8.7 feet to the mile. Here again.the actual gradient 
is probably somewhat larger, as the Bucher well is among 
the deepest in the valley and has the highest known 
head above la.nd surface. The head of well 13Q30Rl is 
129 feet lower than that of well 13Q2Nl, 5~ miles 
northeast, indicating a gradient to the southwest of 
23.4 feet to the mile. The recorded head of well 

• Wllit.e, W, N .. Tbe SU Lim V.ill7, Calando; IJTlp&km flvm lfflllWI wells 
IIDd lllllln,I ~ IUld ~ ~ mvwvad In land dMl!llcetlcm: Mmu· 
Nf1pC GOPJ' bl 1S1111 or~ Bruch, t7. S. Geel.. 8ilrff7, 1'118. 
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l3Q30Rl, located 9 miles northeast of Alamosa, is 
'1 feet lower than that of well 14M10A11 at Alamosa .. 
This is explainable from three different s.ngles: First, 
well 13Q30Rl was shut in only 7 minutes when the 
measurements were made and equilibrium h8:(i not 
been reached by a wide margin; secondly, Alamosa. is 
west of the trough of the valley and the head there is 
undoubtedly influenced by inflow from the west; e.nd 
finally, the aquifer supplying well 141\ilO.Al is over 
900 feet below the surface, whereas well 13Q30Rl is o. 
shallow well, probably less than 250 feet deep. Of all 

•the wells measured in the valley, well 14Sl4Q1, at 
Blanca, had the highest head with reference to sen. 
level. If there is a connection between the artesian 
water at Blanca. and that in the trough of the valley, 
the difference in head at Blanca and at .Alamosa indi
ea.tes a.hydraulicgradient toward thetroughofthevalley. 

In the portion of the valley lying south of the Rio 
Grande the movement of water is in general toward the 
trough of the valley. Between well 14K25E4 and 
well 14M10.Al there is a difference in head, with 
reference to sea level, of 35 feet in llJ, miles, or a 
gradient of 3 feet to the mile in an east direction. 
Between well 14K25E4 and well 16L14Pl, at La Jara, 
12 miles southeast, the gradient is about 1 foot to the 
mile. In the 4-mile stretch between well 16L31Al and 
well )6L14Pl, at La Jara, there is a difference in head 
of 33 feet, or e. gradient in e. northeast direction of 
8.2 feet to the mile. 

The lowest head with reference to sea level given in 
the table is that of McIntire Springs (16Nl8El), and 
with the possible exception of Dexter Spring, mentioned 
·)v .3ieoemhai. "° 'his :s -.he ~ow~t. ieaci 1i :ecorci .:..n :he 
v~ey. .Aithough Dexter Spring was not identified in 
1936, Siebenthal's topographic map indicates that it 
was lower than McIntire Springs. The movement of 
water in the southwestern pa.rt of the valley is in the 
direction of the these springs, as is shown by the gradi
ents from two points, one southwest and the other west 
of the Springs. The difrerence in head between well 
17L23Jl, at the west edge of Manassa, and McIntire 
Springs is 160 feet in a distance of 10 miles, giving an 
average gradient of 16 feet to the mile. The difference 
between well 16L14Pl, at La. Jara, md McIntire 
Springs is 97 feet in a distance of 8 miles, or an average 
eastward gradient of 12 feet to the mile. The steepest 
gradient that was determined was that between well 
16M24Ll and McIntire Springs, the difference in head 
being 75 feet in 1 ~ miles, giving a northeast' gradient 
of 30 feet to the .mile. Any suggestion that there may 
be underflow out of the valley passing around the south 
end of the San Luis Hills is precluded by the differences 
in heads between the well e.t Manassa. and the well at 
La Jars., and between these wells and McIntire Springs. 

• 8iabm:ltbal, C. B., op. cit., p. Jttl. 

Rio <ka'l'IIU JoinJ Investigaiion 

In the northern half of the valley there is a gentle 
southward gradient. Thus between well 11M4B2 at 
Hooper and well HMIOAl e.t Alamosa, both of which 
are deep wells, the difference in head is 13 feet in 19 
.miles, giving e.n average grn.dient of 0.7 foot to the 
mile. From Alamosa. southward to McIntire Springs 
the gradient increases, the difference in hea.d between 
well 14M10.Al a.t Alamosa and McIntire Springs being 
70 feet in 13 miles, giving e.n average southward 
gradient of 5.4 feet to the mile. 

The oomps.rison of the wa.ter-surlace altitudes of 
these several representative wells shows rather con· 
elusively that north of the Rio Grande the water moves 
laterally from the sides of the valley toward the trough. 
In the trough of the va.l.ley the movement of \\•ater is 
southward I following the gentle gradient in that direction. 
South of the Rio Grande the water moves from the west 
side of the valley in an eastward direction 1 the lowest 
head being in the neighborhood of McIntire Springs. 

Pluctutiom or Arteshm He.ad 

Increase in Mad produced by irrigation.-Contrnry to 
the usual history of similar artesian basins, the area of 
artesian flow in the San Luis Valley has increased rather 
tha.n diminished over a period of development in the 
le.st 30 years. The map of the valley (pl. 5) shows the 
area of Bow as delimited by Siebenthal 41 in 1906 and 
that which was determined by field work in 1936. It 
shows that in this 30..yea.r period the area of flow has 
expanded somewhat on the west, south, and east sides 
of the valley. The increase is quite evident on the 

. gentler alluvial slopes. ~uch a.s the Rio Grll.Ilde ~an. 
· !:mt ..::iot where- ;he hlopes J.re ·steep. · · 

Along the west side of the Rio Grande alluvial fan 
the boundary of the area of flow has moved westward, 
in some places e. distance of over a mile. In the vicinity 
of Ma.n8888., it has moved southward about 2 miles. A 
well drilled in 1925 at the west edge of Mnn11.SS11, in the 
NEY.SE~ sec. 23, T. 34 N., R. 9 E., lacked only about 
10 inches of flowing at the surface. Ea.st of the Be.ca 
Grant and in the area south of it, a lack of control in 
the form of non.flowing wells me.de the interpretation of 
the limit of flow less accurate than in most other parts 
of the valley, but aecording to the best available data 
the limit of flow conforms nearly to that shown by 
Siebenthal in 1906. There is little doubt that flowing 
wells could have been obtained in the vicinity of Blanca 
in 1906, but Sieben.th.a.l's map was compiled before there 
WU &ny drilling lll that 8.reO., • , 

To explain this increase in the area of flow it .lll 

necessary to consider the history of irrigation deYelo!'"' 
ment in the valley. Early development occurred lD 

the central part of the valley, north oi the Rio Grande, 

11 mobenthal, c. E., Otoloa and water~ of the Sall Lui.II Voller, emo.: 
U. B. Oeul. Sur-1·1117 W1wr•S11ppl7 Paper :ml. pl. l, 191)11, 
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in the vicinity of Hooper and Mosca, but as the gravelly 
land to the west was found to be fertile and suited to 
cultive.tion, the development extended westward. On 
account of a. concentration of alkali in the soil, the lands 
first cultivated were abandoned gradue.lly in favor of 
the better-drained, gravelly soils on the west side of the 
ve.lley, both north and south of the Rio Grande. With 
the development of this area and the consequent in
crease in surface water diversion, there occurred an 
increase in artesian-water recharge and consequently 
an increase in artesian head a.nd an expansion of the 
area of artesian flow. 

Decrease in head produud by mutual interference of 
arlerian u-el/8.-During the course of the artesian-well 
inventory well owners often reported that the flows of 
their wells were materially reduced when wells tapping 
the same flow were drilled in the locality. Probably 
the chief cause of gradual failure of wells is mutual 
interference, especially in the larger towns of the valley, 
where the interference has resulted in drilling to deeper 
aquifers that e.re tapped by fewer wells. Even as far 
back as 1906 the numerous wells in Monte Vmta so 
seriously a.ffected one another that the head had been 
reduced to about half the original head. Similar over
tuing of the sha.Ilower artesian aquifers in Alamosa 
has resulted in the drilling of a number of wells to 
aquifers below 800 feet. In 1936 neither the head nor the 
flow of these deep wells had yet been seriously impaired. 

In several places the area of flow did not extend up 
the slope quite as far in 1936 as was shown by Sieben~ 
thal. Probably most of these slight difl'erences a.re due 
to lack of control in mapping the limit of flow in 19061 

but in at least one locality there has been an actual de-
.. ~:-ease ,A, :.he .Yea Jf'How. · Thus t,wo ;veils on ~ana for
merly known as the Calkin's Ranch, in sec. 1, T. 38 N., 
R. 12 E., and reported by him as flowing wells, were not 
flowing when seen in 1936, probably because of the in
terference of wells in the central and western parts of 
the township. The cessation of the flow of Washington 
Springs may also be attributed to the drilling of wells. 

&asonalftuduaJiom.-Near the boundary of the area 
of flow there is a definite variation in artesian head 
during the year. Of the wells on the Rio Grande al
luvial fan, on which periodic measurements were made 
(table 15), some a.re located approximately on the 
boundary of the area of flow and others outside the a.rea. 
of flow. Those which are located about on the line 
usually flow during the late spring, summer, and early 
fall-the period of flow about coinciding with the irri
gation season. A common expression in the ve.lley is 
that the a.rteeia.n wells "come up with the sub" end "go 
down with the sub." These seasonal fluctuations are 
due to the seasonal rise and fall of tho water table fu. 
the artesian intake belt and probably also in pa.rt to the 

!?145--38--18 

261 

seasonal loading and unloadingo1lhe-art.esian aquifers 
as the water table above the upper con.tining bed l7 
and fa.lls.42 Figure 55 shows the relation between 
water levels in four artesian wells and four shallow 
wells with water-table conditions on the Rio Grande 
alluvial fan. It shows that the rise ~d fall of the 
water levels in the artesim wells occur at about the 
same time as the rise and fall in the shallow wells. The 
maximum fluctuation in water level observed during 
1936 was 3.07 feet, in well 12J26Dl, located south of the 
Rio Grande near Monte Viste.1 but in most of the ar
tesian wells on the Rio Grande alluvial fan the fluctua
tion was about 2 feet. The flowing wells at some dis
tance from the boundary of the area of flow and outside 
of the irrigation districts appear to have comparatively 
small seasonal fluctuations in head. 

Barometric fluctuatioM.-The water level in an ar
tesian well generally falls as the atmospheric pressure 
increases and rises as the atmospheric pressure decreases. 
The magnitude of this type of fluctuation is depend
ent upon the amount of variation in atmospheric pres
sure and upon the degree to which the well acts as 
a water barometer. The fluctuations of the water level 
produced by barometric fluctuations and other causes 
combined are shown in figure 56. A 7-day automatic 
water-stage recorder was installed on an artesian well, 
12K6Cl 1 located about 6 miles north of Monte VistB 
just inside the area of flow. The well, which was 
inches in diameter and 150 feet in depth, was adapt.et.. 
above land surface to accommodate the recorder. 
Hourly barometric readings were obtained from the 
Alamosa plant of the Public Service Co. of Colorado, 20 
cn.iles distant. '.llld after be~ -:on,?r·.ed ·,o :ee,;:. )i ;vare:r. 
were pl~tteci to the ~a.me scale e.s t.i:ie hydrograph on the 
recorder chart. The record for the week of September 
8 to 15, 1936, has been reproduced in this figure. In· 
the first 4 days of the week the fluctuations of the water 
surface in the well were of about the same nature as the 
:fluctuations of the atmospheric pressure at Alamosa. 
In the latter pa.rt of the week the agreement is not 
quite so close, probably in part because of effects of 
irrigation a.nd possibly in part because of difference in 
the barometric pressure at Alamosa and at the well. 

Dlachuge ot' Artesian Water 

Arluian aprings.-In the San Luis Valley there are 
several artesian springs situated. near the limit of flow. 
W e.shington Springs, near the trough of the valley, are 
the only known springs that do no occur along the mar
gins of the ve.lley. In all these springs the temperature 
of the water is comparable to that of the shallow 
a.rt.esia.n water. in the vicinity of the springs. 

a Mel.user, 0. E., ComPl'llllldblllty 1111d ~ty ol ll1olllidu lqU!f!r.o: ECOll. 
~. YW, 23, pp. 27ll-216, 1028. 

CO- 003214 

-
TX_MSJ_000294



262 Rio Gra:nde Joint [nfJUfigaJ.ion 

t; APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER f 'PUZ j----t-_;.;.;.;..; ______ -_+:,,_ ,.,..,_=-:_:-::_::--+_..;~::;.:._-t....:..::..::..:::.;:;.=..:._.r~::!...!..:::;;:=::~~-'=-;:•-!==-~+_~ __ :...:_:.=_:::• =4-'==!.=.!::~ 
'!c Depfh tu;kr. _ .... ---- - ------------- 1w"tii-ii':iisR17 ---·---- -- ---
11.1 

1

,l_60H._. - -
I,) I --.-• --·-:; ..J THO 1------+---_-__ -_..,.._.,.....__"""""""_...,.... _________ -+------+-_ --------.... ----~-+ •• __ .__ - -t=-:-::.~-:':--:':-•----+-----1 
! ~ ... ---- ---"' wiCCiiJi:si2 --- i------· 
... !j -----
5 ~ tffepth lo w1kr, 2.74 It. 
!c, ID 7678 1 
It 11.1 Depfh to W;.r!il::,:fe~r.::.'~~·'!.:::-.:0-:.::_~.:i-:...·_ .... _-.;.-~----.::-:-+---..., 
... > c. -- _ ""' nu 11J13R3 : = ,• -~- ------... ___ ~--
0 7676 ~-:---. -- - - ---- -

~ '--
-- --·--- -- --~----1 ---

> ' IWEU. HJ13ftl- t:;,.-.._--...---+----1----
~ ~;~~ lo wafer, 5. 75 It. ---r---

--. 

.. 1----+--__,.,.~e::..._:::~--+----+-~--l----4----l-----1-----1 

I /,// ~~'"'EU. 11J26Pt 

V I I ~h..JEU. IU<INt~ . / I-- --------
. _ .. --- j .. 

.-
10 -' 

/ 

Among the large springs in the valley a.re the McIn
tire Springs, on the south side of the Conejos River, 
in the NW}~ sec. 18, T. 35 N., R. 11 E. They rise along 

. ·,he Conejos 3.i,er· at :he Jase )I :he 3an ~uis 3ills J.t 

the contact between the Alamosa formation and the 
volcanics of the San Luis Hills. According to Sieben-

. thal 43 this is probably a fault contact. Confined water 
moving southeastward in the Alamosa formation oomes 
up along the contact and through the ·volcanics and 
escapes at the surface as the McIntire Springs. In 
addition, there are many small springs along the Conejos 
River which are probably supplied from water-bearing 
beds of the .Alamosa formation where they a.but age.inst 
the volcanics. In the course of the present investiga
tion the discharge of McIntire Springs was measured 
four times1 using a Price current meter, and was found 
to be nea.rly the same each time (see table 17). 

Depressions in the margins of the con.fining beds of 
the artesian aquifer afford opportunities for the artesian 
water to spill over the lip of the confining member, 
forming springs. Springs of this type occur in depres
sions along the west side of the San Luis Valley. Their 
discharge may be called artesian reject, as it represents 
the overflow of the artesian aquifer. 

II Slebeuthlll, 0. ~., up. elt., pp. 18, tt. 

-. 
----HYOROGRAPH ARTESIAN WELL 
--HYOROGRAPH SURFACE WEU.. 

Diamond Springs, which a.re the largest springs of 
this type, emerge on low ground south of a meandering 
distributary from La Jara Creek, in the N~ sec. 31, 

• ;:' .. 35. :i., 3, .. J~Z. Y~e _;w:.1mpy ··.:.s.c: .':":::m whicn ~he 
springs emerge covers 160 acres and is characterized 
by a dense growth of tules, with bodies of water that 
denote the locations of the different spring openings. 

• The discharge of these springs has increased prog'J'8S&' 
ively during the last 30 years, and a.t the present time 
it is many times that when first noted. Thirty years 
ago the spring area. had little if any outfiow1 whereas 
the a vera.ge of three measurements in 1936 amounted to 
about 24.5 second-feet. W. D. Ca.rroll,44 irrigation 
division engineer for the State of Colorado, stationed 
at Alamosa, reported that the flow of these springs was 
very small 30 yea.rs ago, probably not over a quarter 
of a. second-foot, but that the flow began to increase l 
materially a.bout 1916 and has continued to increase I 
since then. Siebenthe.1 41 makes no mention of these ; 
springs in his discussion of springs in the valley. Had f 
they been of consequence at that time he undoubtedly 
would have reported them, especially in view of the fact 
that he loea.ted an artesian well only a quarter of a mile 

H PtnoD&I OOIDDl~-
a Siebot!W C. E., op. elt., pl. 1. 
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. i,;;..· ;,,;ng n.rea. These springs give oonvincing 
nee ;__ , pport of the theory that. them hi!.S h 0 ~n 

. :Jaide.:, ,w! .Ll'.lCl't:la.;e in rec~~g~ ..,; Ule artesian aquifers 
on account oi the application of surface water for irri
gation on the alluvial slopes. 

Another group of springs on the west side of the val
ley, in sec. 12, T. 37 N.1 R. 7 E., a.re the source of 
Spring Creek, a small perennial stream flowing east
ward to the valley floor. The measured flow of Spring 
Creek in November 1936 was 9.74 second-feet. Four 
other measurements by Da.n Jones, deputy State hydro
grapber, are available, but as they were made in 1928 
and 1929 they were not included in the table. They a.re 
as follows: April 11 , 19281 14 .2 second-feet; J a.n ua.ry 
15, 1929, 12.9 second-feet; March 16, 1929, 13.7 sec
ond-feet; and February 18, 1929, 13.2 secon,d-feet. 
Russell Springs, located on the northwest margin of the 
valley, in the NEX sec. 23, T. 43 N ., R. 7 E., a.re the 
main source of supply for a series of interconnected 
lakes known as Russell Lakes, a.bout 2 miles east of the 
point where the springs emerge. As they a.re located 
on the boundary of the a.reo. of artesian flow, these 
springs also represent artesian reject. When measured 
in November 1936 they were flowing 3.6 second.:feet. 
Both Russell Springs and those which furnish Spring 
Creek a.re situated at points along the margin of the 
valley, topographically lower than the adjacent land 

rf e.ce. Unlike Diamond Springs, however, these two 
;rings are not the result of irrigation development but 

have been permanent within the memory of white man. 
The results of measurement in 1936 of the discharge 

of the principal springs in the valley are given in the 
,following ',a_ble. . ':'he · :-otal disc=ta.;ge ')!

0 ~he .l:tesian 
springs in 1936 is escimaied to average 65 second-feet, 
or 47,450 acre-feet in the year. 

7J23Bl.. •• ____ Rimel! Sprtna:s___________ NOT. 23, 11138 a. eo a. eo 
IUI2Nl ••••••• Bl!l1Di Cniie.k •••••••••••••• Nov. 27, 1934 11. 74 11. 74 
l4NI5A1. _____ W~ Sll!rinP ••• ____ ·-••••--••••·•· (I) ······-·-·-· 
HN150l •••••• "~IMl~~. 111 ·---··········· (') -••••••••••• 

JGL31Fl...... Dwnood Bprmas.. ••••••• ,1..pr. 14, 11136 19. :111 .••••••••••• 
May 6, 1936 :17.e& -------·----

. JUDe 3, 11136 116. 63 ll6. 60 
IGNIIIEI. _____ Mcln&ln Spruip._ ........ Mar. 27, 111:la 10 'TB ··--------•• 

May 12, 11136 18 44 ......... ... 
JDJle ii, 1936 18-47 ------------
Jilly 11, 1936 lll Vi 18-112 

~ ~ of ··-···-·····-·· ••••••••••• - 9.0:I: am.lJ.ler ll(lmlll, 

'l'Gt&I ••••• -------··· ------········· •••••••••••• 

Flowing wdls:-In order to determine the quantity 
U'tesian water discharged &Jmually in the San Lu.is 

.Jley an inventory was me.de of the flowing artesian 
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F1ovu M.-J'luctaalJom of water le'l'el in weU I2i:6C1, 11.11d Buctuatlom in baro-
metrlr Pl"l1'IIIUN at A.1e.moea, September &-15, 1936. 

wells. On account of the lack of time, it was not pos
sible to visit and record every well in the valley. In 
certain restricted areas the wells in every section were 
located and measured, but over most of the o.rea, only 
the wells in the odd-numbered sections were recorded. 
In connection with the study of water requirements in 
the Carmel-Bowen area by the Bureau of Agricultural 
Engineering (see pl. 11), it was necessary to know the 
total annual discharge of all artesian wells in that area. 
Accordingly, every well in that area was located e.nd 
the discharge of each measured. Approximately 32 
square miles, lying between the Monte Vista and the 
Empire canals, were included in this complete inventory, 
which covered parts of Tps. 36 and 37 N., R. 8 E., and 
smaller pa.rts of Tps. 36 and 37 N., R. 9 E. 

The following townships on the east side of the valley 
were completely inventoried-that is, every well in 

._~ach ,ec;jon ~ -vas :pc:i.teci_ mu :neaslli"eri: ~. -t;_ ~;, 
R.11 E.; about 9 sections of T. 41 N., R. 12 E.; T. 40 N., 
R. 11 E.; T. 40 N., R. 12 E.; T. 39 N., R. 11 E.; 
T. 39 N., R. 12 E.; T. 38 N., R. 12 E.; and T. 37 N., 
R. 12 E. Likewise, every section lying within the 
limit of flow in the Luis Maria Baca Grant No. 4 was 
covered. In the remainder of the area. of fiow the wells 
in only the odd-numbered sections were visited. 

Method:-The artesian inventory covered an area of 
approximately 1,430 square miles, as shown by the 
area of flow (pl. 5) in which it is estimated there are 
6,074 flowing wells. The flow for those wells whose 
discharge was less than 5 ga.llons a minute was usually 
estimated. For those wells whose discharge was greater 
than 5 gallons a minute, the flow wa.s measured either 
volumetrically or by use of the 11jet" method. In the 
volumetric measurements a stop-watch was used to 
obtain the time required to fill a container of known 
volume. In actual practice, 5- and 15-ge.llon contain
ers were used1 the 5-ga.llon container for the smaller 
flows and the 15-gallon container for the larger flows. 
In using the "jet" method, a measurement wu made of 
the inside diameter of the cuingt and the vertical 
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height of the crest of the jet above the top of the 
ca.sing. The discharge was then computed by using a 
formula for determining flow from vertical pipes. 
This formula is written: 

Wbere: 

Q= 10d.Jk3 

,/ 1 + 2.525(~)1 

Q=discharge in cubic fee.t per second, 

d= diameter of pipe in feet. 

h=height of jet in feet.. 

This formula was checked many times by volu· 
metric measurements and was found to agree rather 
closely. 

In an artesian inventory of this type it is imperative 
that no wells that serve to form a basis for the esti
mate of artesian discharge be omitted, and this is 
espec~y true where only the wells in each alternate 
section are inventoried. Thus, in order to obtain en 
estimate for any given area, such as a township, it is 
necessary to double the results of the inventory. 
Any error, due to omission of wells, would, of course, 
be doubled in the final estimate. In view of this fact, 
extreme care was taken to visit and meo.sure every 
well in the odd-numbered sections. 

Equally important, was the necessity of qualifying 
each measurement of flow in terms of the average 
annual discharge for each well. It is common practice 
for a. large number of the well owners to allow their 
wells to fiow only d1JI.i.ng the growing season. For the 
remainder of the year the wells ue plugged, allowing 
ml:7. -!IlOU?;-:1. ~ater to ~scipe :o Jr~vent :he ·veils from 
ireezmg iunng the winter. rhe:reiore, in addition to 
measuring the discharge of es.ch well, it was nec~sary 
to ascertain the proportion of the year that the well 
was allowed to flow. This period of restricted flow 
was usually expressed as a percentage of the year, and 
the average annual discharge of the well was computed 
accordingly. Most of the wells, however, are allowed 
to flow unrestricted throughout the year, and hence no 
corrections were· necessary in computing their average 
annual discharges. 

Most of the wells that supply domestic and stock 
water on the farms and ranches are restricted in flow 
throughout the year. Many of the domestic wells 
are reduced and their water is carried through a pipe 
line into the houses iu such a manner that there is a 
constant flow through the house at all times. Often 
these domestic wells are opened for full flow during the 
summer to irrigate small gardens and lawns. For 
wells of trus type, whose flows were governed by usage, 
the observer, with the aid of the owner, made the 
closest possible estimate of the average e.nnua.1 
discharge. 

Rio (ko;mf.t. J oinf I nvutigi, 

A special inventory was made-of tillll in the largest 
towus, namely Alamosa, Center, La Jara, !fov' 
Vista, and Sanford, but as there are relatively 1 
wells in Moffat, Hooper, and Mosen, these towns ·were 
included in the general inventory. 

In .Alamosa, the estimate of the total number of 
wells and their average annual discharge was based on 
all available information that could be obtained from 
the records of the city derk, the water commissioner, 
the public service company, and Ray Wells, who is 
the resident well' driller. It was estimated thnt there 
a.re approximately 250 private wells within the city 
limits, and tba.t they hnve an average discharge of 5 
gallons a minute. The municipal water plo.nt furnishes 
water to about 650 services, but the part of Alnmosa 
lying east of the Rio Grande is dependent wholly 
upon private wells, as it is outside of the city distri
bution system. .A record of the totnl quantity of 
artesian water that was pumped by the municipal 
water plant in 1936 was obtained from the city water 
commissioner at Alamosa and is shown in the following 
table: 

TA1:ILE 18.-Aruaian 1Ca!er pumped by the cily of 
Alczmosa during 19S6 

Gollom 

January_·····-------··--------------- 6,840,900 
February ..• -------------·-----·-·---- 6,395,150 
March _____________ ··-·--------···___ 7,607,700 
April .. - - - . - . - . - __ •••• - • __ ••• - •• - ••. - - l 0, 455, 250 
May - - ___ - •• _______ ••• _ •••• _ •••. _ • _ _ _ 10, 814, 7 50 
June. __ - ....... _ ••....... _ .. ___ ... _ .• 12, 220, 600 

JulY------·····-·-------··------------ 12,813,850 
August_ - •••••• - ••• _____ • _______ • _. _ _ _ 9, 658, 300 
September ___ .. __ .. _ •••••. ______ . ___ . _ 1. 704. '300 

. '}ctooer ____ . ____________ _-___________ _'_. I, _;93, :~o 
:No,ember ... -····-------------------- 7,427,450 
December·----------·----------------- 7,692,500 

The total number of 720 wells in Monte Vista and 
120 in Center was obtained by actual count. After 
measuring the discharge of several typical wells in 
each of these towns, an estimate of 3 gallons a minute 
was made for the e.vere.ge discharge of all wells iD 
Monte Vista and 5 gallons a minute for all wells in 
Center. In Center, a municipal plant furnishes water 
to a pa.rt of the town. The fl.ow of the single well 
which furnishes this supply was measured volumetri
cally. The city of Monte Vista. has no municipal water 
system, and the inhabitants a.re dependent wholly upon 
private wells for their water supply. .An estimate of 
140 wells in La Jara was made after inten·iewing 
residents who a.re familiar with the distribution of the 
wells in the town. Several typical wells were measuredt 
and an estimate of 5 gallons a minute for all wells ll"SS 

made. On a similar basis the total number of wells iii 
Sanford wu estimated at 150, a.nd the average di 
charge wns estimated at 3 gallons a minute. 

CO- 003217 

TX_MSJ_000297



Gruund H 'ater ReMurces 

-~!1e results of the artesian inventory in the five 
. J€St towns a.re shown in the following table: 

Estlmated 
numbel' of 

wells 

Alamosa .•.... ·-·-········-· 250 2. 016 338 
Cenr.er....................... 120 1ll'l8 i9 
La Jara...................... l«l I, 130 ............. . 
Monte \'ism................. 720 3,484 --------··----
Sanford...................... l.SO 72S ..........•••. 

Tota, 
(lltre-feel) 

2, 3.54 
J,017 
l, 130 
3,484 

725 
T~tal. •. ··•·•·•·•·•· ... 1--1-.aso-1i·--s.-m-l---3!17-l--8,-7-IO 

Table 20 shows by townships the results of the entire 
artesian well inventory, including the towns. 

The flow of the artesian wells m San Luis Valley 
ranged from only a trickle to about 350 gallons a. 
minute, with a.n average flow of about 12 gallons e. 
minute. The average flow of the ·rural wells-that is, 
excluding those in the five largest towns-is about 14.5 
gallons a. minute. Table 21 shows by townships the 
average open flow of the wells. The wells in the five 
la.rgest towns-Alamosa, Center, La Jara, Monte 
Vista, a.nd Sanford-are not included, as these wells 
a.re not allowed to flow open, but a.re reduced and the 
-vater used for domestic purposes. This table shows 

a general way the magnitude of the yield of the 
..tells in different parts of the valley. On the basis of 
t.he average yield per well, it is possible to divide the 
valley into fairly well defined a.reas of high and low 
fl.ow. Three localities in particular have appreciably 

-.).ighe:r :fows ~han. :he av~r:i.ge, · .1amely, 'l ~ · ,he -":irea 
southwest oi Alamosat in the vicinity of Henry station 
and westward to the Founta,i..n neighborhood; (2) the 
area north of the river1 several square miles in extent, 
the center of which is about 6 miles northeast of Ala
mosa; and (3) an area including the vicinity of Russell 
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Ls} es and extending southwll.rd to Veteran School. 
The last mentioned area is noted fer its hlgh artesian 
head and correspondingly large :Bows. 

Several factors a.re involved in determining the rate 
o~ flow of the different artesian wells in the valley. 
Listed more or less in the order of their importance, 
!"..!.:.;:.;:.:; Z!:.<::r::"" <i7'1' !"" fr,ll.,w~: (l) 'Th1> thickness and 
permeability of the water-bearing beds; {2) the ~;.:i•:r!~ 
of the land surface at each well; (3) the relation of the 
well to the intake area; (4) the number a.nd distribu
tion of wells tapping the same aquifer; and (5) the 
construction and development of the wells. 

The strong flows of the wells in the ncinity of Russell 
Lakes a.re due in part to the preponderance of !!ravel in 
the aquifers of this area, almost to the exclusi;n of the 
finer sediments, and in part to the nearness of the intake 
area. on the relatively high Rio Grande allunal fan. 
The other two areas of high flow that ha.ve been de
scribed also have a preponderance of coarse material 
in the aquifers but do not have such high artesian heads. 

Although the interior of the valley lies low it is a 
region of only moderate to weak flows. The absence of 
strong flows is due in pa.rt to the fact that the water• 
bearing materials in this region consist chiefly of silt 
and fine sand and that the clay beds are numerous and 
reach their maximum thickness, and in part to the 
remoteness of the region from the intake e.rea.. 

Summary of artesian diach.arge.-Prior to the present 
inventory at least three other estimates had been made 
of the discharge of the artesian wells in the San Luis 
Valley. In 1891 Professor Carpenter" estimated that 
there were 2,000 artesian wells in the valley, with an 
l.SSu,med ... ,~rn.ge ~ow )i '.::5. :;ailons a minute. anci .;ie 
thus computed the total artesian .discharge to be about 
110 second-feet, which is equivalent to an annual dis
charge of about 80,000 acre-feet. 

• si.bathaJ, C. E. Otoloo and W11ter !ffOU~ ot the San Luis Vall,:,, C'ol(I.. 
u. S. Oeol. Surfff Water-Supply Paper 240, p, 156, mo. 

TABLE 20.-Number of artuian wella in the San Luis Valku, Cow., afMi diacharge from them, in tuTe·-feet, during 1936 

R. 7 E. R. 8 E. I R.11 E. R. 10 E. R. 11 E. R.12 E. (B!a\1~t) R. 73 w. R. 74 w. R. 75 W. Total 

~~~~~~~~~~~~~~~~~~~·~~ charp ehup mwp charge cbl.l'III charp chup cbtcge charce chute eharle 

----,,--]-------------------------____ ,_ ------- - --

1 Baca Grant. 
t Secrep.Uon or I.be ~Us and discharge by to111'Dllblps hi Mome Vi.&. Iii approlllllate. 
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In 1916 White 47 estimated that there were 61000 
artesian wells in the valley, with an average flow of 
probably not more than 2 or 3 miner's inches (23 to 
35 gallons a minute). His estimate of the total poten
tial discharge of all wells, if allowed to flow unre
stricted, was 300 second-feet, or about 219,000 acre-feet 
a year. 

In l!H 9 Dehler 48 estimated that there were 5,850 
wells in the valley, and on the basis of measurement of 
908 welli., he estimated their aTernge flow at 26 gallons 
a minute. He estimated the potential annual discharge 
at 2451000 acre-feet, and comideri.ng the wells that were 
closed during a part of the year, he estimated the actual 
annual discharge at 187,000 acre-feet. 

On the basis of the artesian inventory in 1936, it is 
estimated that there are 6,074 wells in the valley, with 
an annual discharge of 118,945 acre-feet. If e.ll wells 
m the vallev were allowed to 1low unrestricted. their 
;C'tenttii.l a.;.:nunt'discharge· ·;rnulci ··;,e ..1oout 1421000 
e..cre-feet. On the basis of the measurements recorded 
in table 17, the total discharge of the artesian springs 
in 1936 is estimated o.t 47,000 acre-feet. Therefore, 
the total visible discharge from the artesian wells and 
springs is estimated at about 1661000 acre-feet of which 
about 27,400 a.ere-feet occurs in the springs along or 
near the upper edge of the confining bed, and hence 
never enters the main part of the aquifer. 

General Conch1Bions 

In thr. present investigation of the artcsum bnsin the 
nw.in ohjeetive was to obtain an estimate of the quantity 
of water discharged by the artesian wells and springs. 
As a result most of the time was spend in measuring 
the diEche.rge of the e.rtesian wells and springs, a.nd very 

"White, W. N~ TIM Bu Lull Valley, Colo,; Inip1icm ftom analaa Qlls ud 
~ lrrip.tlcm &Dd dl'lmlllll J)l'Obiems inTolvtd ID lud clallJlca.tlon: MaDmc:rlpt 
c,opy In fllas ol ~ Bnmeh, U.S. Oea.!. 81ll"l'9J, pp. lt-l3, 11116. 

.. C11nlrli111, Uarold, and Dehler, E. B., W•IAllr mpply 1md p,mibk development 
uf irt'iptloo and dra!Jlap pn,,lect.s oo the Rlo 011U1de River •bove El Puo, Tu.: 
M1mmenp& c,opy ID flJes ot tJ. 8. Bur. Raclamatloll, De.llV1!1', Colo., pp, 16-7~ June 
18. 111111. 

little time was allotted to the study of other phases of 
the artesian system, such as the extent of the recharge 
area and the amount of recharge. 

The quantity of artesian water moving past tho 
boundary of the area of artesian flow (pl. 5), should be 
equal to the total discharge from the wells and springs 
in the area of flow, except that it would be less to tho 
extent that artesian water is ta.ken from storage or 
more to the extent that t-his storage i.s increose.d or there 
is discharge by upward percolntion through the confin
ing beds or underground leakage from the wells. The 
distance a.long the boundary of flow is about 180 mile.<: 
AI, indicated on page 256, the average coefficient of tni: 
missibility to a depth of 160 feet, based on the resut. 
of tests of the four wells near the boundary of flow, 
9K601, 12Kl4R1, 14K25E4, and 15L6Kl, is about 
7,000. Deducting the average thickness of the shallow 

·,.:7allev fill ::i.t the .,.·ells . .-:iich :s ·1 'bni1·. ~ .5 :e!:'+ .· 'h> '1.~"r~g(' 
depth penetriueci oy th~ weils. oe10w the top oi th~ ~t 

confining bed is about 125 feet. The slope of the 
piezometric surface, as determined from several pairs 
of wells: close to the boundary of flow, ranges from 4 
to 13 feet per mile and averages about 9 feet per mile. 
Using these figures, the quantity of water mo-ring past 
the boundary of flow in the 125 feet of beds below the 
top of the first confining bed was computed to he a.bout 
12,800 a.ere-feet a. year. The avern.ge thickness of the 
artesian formation below the top of the first confining 
bed is not known, but the logs of wells close to the 
boundary of flow indicate it to be n.t loost 500 foot. 
Thus, to a depth of 500 foot below the top of the fin-L 
oonfining bed, the quantity of water pBSSing the 
boundary of flow would be a.bout four times as much, 
or about 50,000 acre-feet a year. 

According to these computations l0SS than half the 
total discharge by artesian .wells and springs (excluding 
Diamond and RussE>:11 Sp:ri.n~ n.nd sin1iln.r sprii11,..rs which 
essentially reject ~ater before it enters the 1irwsw~ 
aquifer) e&n be accounted for by the lntern.l pel'(,'.ol.at' 
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~he peripheral intake a.reas into the area. oi artesian 
. . The figures for the average coefficient of trans-

.ssibility or for the hydraulic gradient may be too 
_,1w, or the total thiclmess of the artesian beds may be 
greater than was a.ssumed for the computation. It is 
possible that the tmnsmissibility of the: deeper, untested 
aquifers is greater than that of those which were tested. 
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Further, it is possible that the--av~e_ slope of the 
piezometric surface at tl1e boundary is not truly repre~ 
sented by the heeds int: · wells that could be measured. 
The gradient between tn,, _rnugh of the valley and the 
upper limit of artesian flow on the west slope of Mount 
Blanca, for instance, is much greater than that assumed 
in the computations. 
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PART II 
SECTION 3.-GROUND WATER IN THE MIDDLE RIO GRAN 

VALLEY, NEW MEXIC0 1 

Method of Investigation 

Acknowledgments 

The work of installing observation wells in the Middle 
Rio Grande Valley and reading water levels in them 
was divided areally into three divisions, which cor• 
responded with the three most important operating 
divisions of the Middle Rio Grande Conservancy 
District. B. R. Thompson was in charge of the work 
in the Albuquerque Division, and aided in over
seeing the work in the remainder of the area a.nd 
in the incident.eJ. o:ffioo work. Nestor Lovato was in 
charge of the work in the Belen Division, which included 
nearly half the observation wells installed. W. E. 
Herkenhoff was in charge of the work in the Socorro 
division. Robert Colvin joined the force in August, 
was in charge of most of the leveling done1 and had 
much of the responsibility for the preparation of the 
water-table and depth-to-water maps. Marjorie Allen, 
besides doing the manifold clerical duties of the Albu
querque office, checked a large pa.rt of the field notes 
and otherwise contributed to the engineering phase of 
the investigation. 

Acknowledgment is gratefully made to many organ
izations who contributed helpfully to the investigation. 

. Tbe sw-:'sce :.vater .. frvision oi :he -_-:Jiteci Sta c..es 3ooiogi
cal Survey a.nd the Bureau of Agricultural Engineering 
both furnished necessary data. The Middle Rio 
Gra.nde Conservancy District furnished much inf orma
tion, including levels on several lines of wells in the 
Belen division. Many bench marks placed on observa
tion wells in the Albuquerque Division by the conserv
ancy district in former yea.rs, were still intact a.nd were 
used in this investigation. Many data, collected in 
oomiection with the cummt Texas-New Mexico suit 
ooncem.ing Rio Gra.nde waters, were kindly furnished 
by Alim Laflin and Raymond Hill. Special acknowl
edgment is made of the kindness of Dean W. Bloodgood 
of the Burea.u of Agricultural Engineering, and of Fabia.n 
Garcia, director of extension work of the Agricultural 
and Mechanical College, for access to and permission 
to use the water level data obtained by Mr. Bloodgood 
in the period 1918-22. 

The aeroplane mosa.ics obtained by the Soil Conser
vation Service were placed at the disposa} of the inves-· 

I By Clwla "· Tlleb, Geoloc!cel Suney. 
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t.igation a.nd photostatic copies f W"IUShed to the Ground 
Water Division, These were the only accurate maps 
of the area. available and without them no accurate 
survey of water levels could have been ma.de. These 
maps, however1 were not available until late in the 
in vestige. tion. 

The Resettlement Administration kindly furnished 
records of ground-water levels in their obseITa.tion wells 
in the Bosque Farms resettlement project, through 
G. L. Se1igmann, project manager, 

The Biological Survey, in course of their investigation 
of the Bosque del Apache grant as a migratory bird 
refuge, located and ran levels to the observation wells 
in the grant. They also furnished a topographic map 
of the area with a contour interval of 1 foot1 which 
assisted gTeatly in ma.king the map of the area. showing 
the depth to water. 

Scope or Inve.Ugation 

The shortness of the time ava.ila.ble for the pre 
work necessitated that it be of the nature of a su. 
mther than a. thorough investigation. The work m
volved in covering the entire Middle Valley with 
observation wells numbering about 900, locating 
these wells in an unsectionized. a.rea for which no 

· ;1ccurate .1etatieu :naps Nere -:ivuiJahic• '.mt:U .dte ··:.n 
the year, running levels to them, making and recording 
measurements of water level in them, o.nd cleaning 
out a.nd deepening them periodically to obtain wa.ter 
&&mples from them, consumed so much time that little 
was left for experimental work to clarify important 
basic problems connected with the source, motion, and 
disposal of the ground water. The information gath
ered is to be regarded as base da.ta necessary for 11 

proper ground-water investigation but lacking neces
sary experimental work to make it complete at present. 

The geology and general ground-water conditions of 
this part of the Rio Grande Valley and tributary a.rea 
a.re described concisely by Kirk Bryan in section 1. 

Detleriptlon of Work Done 

Art.a cowred.-The Middle Rio Grande Yalley ex· 
tends from White Rock Cruiyon on the north to San 
Me.rcial on the south, a distance of approximately 
142 miles. Its average width is about 2 miles. It 
comprises parts of Sandoval, Bernalillo, Valencia: 
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Ground Waler Resources 

, : ><:1::;.To Counties a.nd within its limits are Bernalillo, 
county seat of Sandoval County; Albuquerque, 

~w Mexico's largest city and the county seat of Ber. 
~dlillo County; Belen, the county ~at of Valencia 
County; and Socorro, t.he county seat of Socorro 
County. Within the valley a.re the pueblos of the Co
chiti, Domingo, San Felipe, Santa Ana, Sandia, and Is
leta.1.ndians. The territory covered by the ground-water 
investigation begins at mile post 877 on the Atchison, 
Topeka & Santa Fe Railway, about 15 miles south of 
White Rock Canyon, and extends south to mile post 
998, about 7 miles north of San Marcial, thus including 
the Albuquerque and Belen Valleys and most of the 
Socorro V e.lley as defined by Bryan in a preceding 
section of this report. 

Nearly all of this area is in the Middle Rio Grande 
Conservancy District, which is divided into four oper
a.ting divisions--Cochiti1 extending from the head of 
the valley to Angosture.; Albuquerque, from .A.ngostura 
to Islete.; Belen1 from Isleta to San Acacia; and Socorro, 
from San Acacia to the north line of the Bosque del 
Apache Grant. Every effort was made to recover the 
wells previously located by the Conservancy District in 
order to have a. semioontinuous record of depth to 
ground water in the valley. Because of difficulties in 
obtaining permission from the Damingo and San Felipe 
Indians to do work on their reservations in the Cochiti 

iision1 this area. was omitted from the investigation. 
Dtscription of wells.-Most of the observation wells 

are located along highways, roads, trails, and fences 
that run laterally across the valley, at or near a fence 
post, tree, telephone pole, or power pole. To facilitate 
location. <J. fence ".lost. ~.ree. ~eleuhone ".>ole, )r ":Jower 
;ole near ifs.en ii ell n"as '.;onspicuo~y pain teci. . o·range 
pa.int was used in the Albuquerque and Belen Divisions, 
white in the Socorro Division. 

The field equipment consisted of a 2•inch post,..hole 
auger, with four 42-inch lengths of }f-inch galvanized 
iron pipe, threaded on both ends, for extensions. With 
this equipment a depth of 16 feet could be reached. 
The wells were as a rule cased with 2-inch galvanized 
downspout. The casing was inserted to a depth of 
several feet below the ground-water level to insure 
ample water for measuring at low stages. The lowest 
2 feet of the casing was perforated with slots made 
with a hack saw in order to facilitate the flow of ground 
water into the well. The depth to the water level 
ranged from 1 foot to 16.5 feet. Wells 894.4-1E1 SE, 
SE, and 6E penetrated to a depth of_ about 15 feet 
below the ground-water level. They consist of a sand
point and Ye-inch galvanized iron pipe, in 42~inch 
sections, driven into the ground with a sledge. 

The original wells placed by the Conservancy Dis
t in the Albuquerque and Socorro Divisions were 
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cased with 2-incb boiler tubing to a depth of generally 
about 2-" feet. This left the lower portion of the w,·l/ 
an open ho]e which in most wells had caved. 'Where, er 
necessary, 2-inch galvanized downspout was substi
tuted for this boiler tubing. None of the wells in the 
&len Division had been cased, and all were lost by 
the time this investigation began. 

Mr~. · ::rements of depth to the water level were ma.de 
monthly in 917 wells in the Middle Rio Grande Valley. 
The work was usually started on the 8th day of the 
month, and the wells were reo.d in about the same order 
each month. The measurements were ma.de from the 
top of the ca.sing. Field work was started in April, but 
a complete record is not available for either April or 
Me.y I because the installation of new wells and the 
recovery of old wells were not completed. Beginning 
with September, mea.surements to the water surfacP. 
were also made in many drains, canals, and laterals. 

System of numbering.-The system of line and well 
designation used in this investigation is based on two 
important features of the Rio Grande Valley, namely, 
the Rio Grande and the Atchison, Topeka & Santa Fe 
Railway. The lines of wells are given numbers corre
sponding to the numbers that designate the railway mile 
posts. If the line or its projection begins at some point 
between mile posts a decimal is added to the mile-post 
number. The line numbers increase successively 
southward. In each line the wells are numbered con
secutively to the east and to the west of the Rio Grande. 

The Albuquerque Division extends from mile post 877, 
southward to mile post 9151 at the Isleta Pueblo. There 
are 281 wells in this dhision of which 167 are reclaimed 

. wells _Ji. d1e Micidle ;lio 3rn!!cte·;::onsermncj Disiric:. 
The lines of Conservancy wells on the west side of the 
Rio Grande extended from mile post 912 north to the 
town of Atrisco1 and were numbered consecutively from 
~ to 7 in the system of the Conservancy District. On 
the ea.st side of the Rio Grande the lines of wells 
extended northward from mile post 912 to the treating 
plant of the Atchison, Topeka & Santo. Fe Railway 
and were numbered consecutively from l to 8. From 
Mountain Road1 in the city of Albuquerque, which is 
about the center of the Afbuquerque Division, the lines 
extended northward and were numbered from 1 to 18. 
The original numbering system was retained in the field. 

The Belen Division extends from the Islet.a Pueblo 
southward to the San Acacia diversion dam. There are 
461 wells in this dhision.1 Very few of the original 
wells of the Co~rva.ncy District were located because 
none of these wells were cased and all the open holes 
had caved before this investigation was begun. How
ever, the locations of the present wells correspond 
approximately to the original locations. The original 
line numbers as well as the original well numbers were 
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retained in the field. Th~e original line number"S were 
taken from the station-numbering of the survey lines 
of the drains. 

The Socorro Division extends from the San Acacia. 
diversion dam southward to the town of San Marcial. 
There are 175 wells in thls division. 

.Meflwd of location on maps.-Most of the wells in 
the Albuquerque and Belen Divisions were located on 
aeroplane mosaics furnished by the Soil Conservation 
Service by means of automobile speedometer and 
pacing from adjacent features shown on the mosaics. 
In heary bosque and cultivated fields where it was 
impossible to use an automobile, and throughout the 
Socorro Division the wells were loea.ted by a transit 
stadia surevy. The Atchison, Topeka & Santa Fe 
Railway was used as a base line. 

Notes on level net.-In the Albuquerque Division most 
of the old Conservancy District benchmarks near wells 
WC're found. These consisted either of wooden stakes 
driven to ground level or no. 60 spikes driven into ! enee 
posts, trees, or poles nearby. Most of these altitudes 
were assumed to be correct, and altitudes on neigh
boring observation wells nt which benchmarks were 
not found were established by leveling from these 
points. In general, therefore, the altitudes correspond 
to the Conservancy District datum. This datum is 
apparently somewhat at variance with the newer 
levels established by the United States Coast and 
Geodetic SUITey. Because time was not available for 
running a complete new system of levels, the old datum 
was used except for lines 877, 884, 911.8, 908.1, where, 
in the absence of any altitudes set by the Conservancy 

, Distr:c:.. ·,he· ,:aast ·l.llci ,;eodetic 5u_,.-,ey °:i1unm ..,,.as 
used, and line 892.5, where there appeared to be an 
error of 0.36 foot on the east side of the river a.nd 
0.75 foot on the west side, and on line 896.3 where 
there was an error of from 0.35 to 0.67 foot. From 
line 877.0 to line 889.6 it appears that the Conserva.ncy 
datum is from 0.42 to 0.60 foot lower than the Coast 
and Geodetic Survey datum. From line 890.8 to 
line 901.5 the Conservancy datum appears to be from 
0.10 to 0.23 foot higher than the United States Coast 
and Geodetic Su.rvey datum. • On lines of wells on 
the west side of the Rio Grande from mile post 902.7 
to mile post 912.2 the Conservancy datum appears to 
be from 0.08 to 0.38 foot below the Coast and Geodetic 
Survey datum. On the east side of the river from 
mile post 905.3 to mile post 911.8 the Conservancy 
datum appears to be from 0.17 to 0.33.foot higher than 
the Coo.st and Geodetic Survey datum with the excep
tion of lines 905.3 and 006.1, which are 0.63 a.nd 0.50 
foot, respectively, above the United States Coast and 
Geodetic Survey da.twn. 

Bio Graruk Joi:n.t Investi,gu, ,. 11 

In the Be1eD Division new ~llii~-----.» levels were • 
from benchmarks established by the Con.sen 
District. Altitudes WM"O not obtained on all h._. . 
Altitudes on well lines 920.1, 921.1, 921.4, 921.8, 922.9, 
923.7, 924.1, 925.3, 928.8, 929.5, 930.3, 931.6, 932.4, 
934.2, 936.4, 936.9, 938-.6, and 939.6 were estitblished 
by the Middle Rio Grande Conserve.ncy District in 
1936. The remainder were run by the Division of 
Ground Water of the Geological Survey. 

In the Socorro Division all levels were run during 
the present investigation by the Geological Survey, 
using benchmarks established by the Conservancy 
Di.strict. 

The Water Table 

Form and Altitude 

Plates 6-9 (map vol.) show the fonn n.n<l nltitudc 
of the water table in the irrigated area of tlw Middle 
Rio Grande Valley by mea.ns of contours at intervals 
of 1 foot. The control points a.re the water levels in 
most of the wells shown and at drains where marked 
by smell a.rrows. The water levels in the cane.ls are 
not controlling altitudes, because in genero.l the water 
table lies considerably below the canals. Seepage 

· from canals, however, raises the water table under them. 
The wa.ter levels read during October 1936 v 

used in drawing the contours of the water table • 
the lines showing the depths to the water tnble. The 
shortness of the period of observation makes it inad
visable to use any system of means, as the mean based 
1mon f,he observations now '.l.vaila.ble ."'V0uld ·mdulv 
·~pnasU:~ .mm.mer ··-:onditions:· :'he :.riiiications· 'B"i 
the present data. a.re that the water table during the 
month of October was at approximately its mean 
position for the year, being somewhat lower than its 
midsummer position in irrigated areas and somewhat 
higher than its midsummer position in unirrigated 
areas1 where there was heavy use of water by na.tive 
vegetation. 

The significa.nce of the form of the water table and 
of its fluctuation is discussed in succeeding parts of 
th.is paper. 

Depth to Water 

Descriptwn of maps.-P]a.tes 6--U (mup vol.) show 
the depth to water during the month of October 1936 
in nearly all parts of the Middle Rio Grande Con· 
eetvan.cy District. A heavy line represent.a a depth to 
water of 8 feet a.long the outer edge of the ve.Jley. In 
areas outside this line the depth to water is great.er than 
8 feet. This line generally I but not invariably, follows 
the bluffs or hill slopes. A similar heavy lino sh1 
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,.. 1th.in the valley in which the depth to water is 
a.t.er than 8 feet. Such areas a.re marked 8 +. A 

.i, of medium weight represents a depth to water of 
6 feet. In areas shown between th.is line and the hes. vy 
8-foot line, the depth to water is between 6 and 8 feet, 
and the areas a.re marked 6-8. Light lines mark the 
4-, 3-, 2-, 1-, and 0-foot limits. The areas between the 
4- and 6-foot lines are marked 4-6. Areas in which 
the water table is within 4 feet of the surface are 
cross-ruled· a.nd the density of ruling increases with the 
shallowness of the water table, except that to prevent 
confusion, areas of surface water are unruled and are 
designated by the letter S. 

The map is based on depths to the water levels in 
the observation wells in October 1936. Previous 
deten:ni.nations of depths to water have boon based on 
men.n depths through the year I and it would therefore 
have boon desirable to show mean depths on this map. 
In the absence of records for a. complete year, the data 
for October were chosen as being probably nearer the 
annual mean than those of any other month, because 
in irrigated areas the depth to water is generally less in 
the. summer than in October, whereas in unirrigated 
a.reo.s of natural vegetation it is generally greater. 
Tables 1 and 2 give the avero.ge depth to water and 
the change in water level from July to October in ea.ch 

1ldiTISion of the valley. 
Method of con.stnuti11.g maps.-The ideal method of 

constructing a. map showing depth to water consists in 
comparing a. topographic map of small contour interval 
with a map of the water table of the same contour 
interval 11.nd referred to the same datum. The con

. 31:'clC:JOil• Ji, -l. ,:nap ,illYWIBg~ .. ieptn. ·.-0 '¥8.ter •OJ· this 
method is a. more or less mecha.nica.l process of con
necting the points of intersection of the two sets of 
contours. This process reduces the human element to 
a minimum and insures that topographic irregularities 
are ta.ken into account. 

In the absence of detailed contour ma.ps1 the measure
ments of depth to water may be plotted a.nd the lines 
showing depth to water may be drnwn accordingly. 
Such a process does not take into account the topo
graphic irregularities between points of observation. 
If the area is only very gently rolling, u the Rio Grande 
flood plain, the errors made will presumably balance 
one another, but local aooW'&Cy cannot be attained. 

The depth-to-water map of the Bosque del Apache 
Grant was made by the first method. A topographic 
ma.p 2 of this area. with & 1-foot contour interval we.s 
kindly furnished by the United States Biological 
Snrvey, and elevations on the observation wells in the 

'lcsque del A r,miic n,j1;n1f,,ry waterfowl refuge.proi-l, -'8 I inch equals al 
conlool' internl l foot; U. 6. :Sur. Agr. Eq., 1936. 
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grant were determined by the Biological Survey in the 
ooune of the mapping. Strict (·omparability of the 
topography and the wate:r-tablo map was therefore 
assured. The greater amount of detail in this mo.p .o.s 
compared with the maps of other parts of the valley 
is a.t once apparent. 

For the remainder of the valley the only ·topographic 
maps avlli.lable were those of the Middle Rio Grande 
Conservancy District revised from the map prepared 
by the State engineer of New Mexico in 1918. These 
maps could not be used for direct comparison with the 
water-table map. In several places, especially in the 
Socorro Division, there had been considerable topo
graphic change by floods, principally that of 1929. In 
the remainder of the area there were so many discrep
ancies in altitudes as determined in this survey and as 
shown on the map, that it seemed better to draw the 
lines showing depth to water directly. In the :Middle 
Rio Grande Conservancy District, therefore, the depths 
to ground water as determined in the field were plotted 
on the map. Preliminary lines showing depths to 
water were dra.wn on the basis of these data. These 
lines were then adjusted to confonn to relief features 
shown on the airplane maps of the valley and to the 
major topographic trends shown on the topographic 
maps of the Conservancy District. 

The resulting map is not accurate in detail. There 
may be some question as to whether the mapping of 
depths to water in as much detail as is shown is justified 

. by the data available, either as to depths to water or, 
more particularly, as to topography. However, th£> 
individual errors in mapping should more or less b.n.lance 
3ach oilier irid ~he :,-0w.l 'acreage ~'ith ~pecuie'd ·depths 
to water in the different localities should be approxi· 
ma.tely as indicated, and should form a reliable basis 
for estimating the amount of lowering of the water 
table effected by the construction of the drains. 

Ar,erage .upths fo 'IJXUer and changes in depth Bince 
19!7.-Table 1 (p. 274) gives the acreage in each 
part of the Middle Rio Grande Valley with ground 
water a.t different specified depths in October 1936. 
These acres.w,s were determined by measuring the 
areas on the depth-to-water m,i.p by means of a pln.ni• 
meter. The areas are also expressed in percent of the 
total area surveyed. 

Table 2 (p. 274) gives data 011 the depth to ground 
water in the different areas in the Middle Rio Grande 
Valley at the present time and for the period before 
drainage was begun. The latter data. a.re taken from 
the official plan 3 of the Conservancy District and 
represent average conditions during a full yen.:r in 192ft 

l Butkboldtf, J. L., Report of the chief cogtueu, Middle llio GrBUcl~ 1 'oUNT,·an~Y 

Diltrllli, State u, New l!ib&ico, vol. l, p. '6: 1928? 
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and 1927. The data are presented in en.ell ca.se as the 
fraction of the total a.reo. surveyed having ground water 
over specified depths. 

The areas compared are not exactly coextensive 
because of the indefinite nature of some of them. The 
areas considered in the present survey are as follows: 

J. AlgodoneavBernalillo.-Valley land on east aide of river 
bounded on north by first section-line south of south boundary 
of T. 14 N., on t.he ea.st by the fourth section line east of east 
boundary of R. 3 E., on south by fimt section line north of north 
boundary of T. l l N. 

2. Cora.lles.-Valley land on "'est side of rh-er throughout 
length of Cora.lies main canal. 

3. Al&meda.-.Albuquerque.-Va.lley land east of river abutting 
the Algodones-Bernalillo area a.nd bounded on the south by an 
arbitrary line 3,000 feet north of north boundary of T. 9 N. 

4. Atrieco-Pajarito-Isleta.-Valley I.and west of river fl-om 
~ead of Arena.l main canal to an east-west line drawD from west 
end of Islet.a Bridge. 

5. Barr.-Valley I.and east of river abutting the Alameda
Albuquerque a.Tea on north; bounded on south by an 11.rbitrary 
line bearing N. 74,0 E. from the mouth of the BBJT rivenide drain. 

6. Pera.lta-Tome.-Va.lley land eaat of ri\'er from Islet.a to 
bridge over Rio Grande at Belen. 

7. Los Lunu-Belen.-Vallev land ,rest of river bounded on 
north by eut-west line drawn from west end of Ieleta Bridge and 
on south by south boundary of T. 4 N. 

8. 8a.n Juan.-Valley land east of river extending from head of 
San Juan Canal south to La Joya. Acequia where it approaches 
the river in sec. 28, T. 2 N., R. 1 E. 

9. San Francisco.-Va.lley land west of river abutting Los 
Lunas-Belen area on north, bounded on south by Rio Puerco. 

10. San Acacia, Lemitar, Socorro.-Valley land west of river 
bounded on north by Sa.n Aca.cia. acequia, on south by south · 
boundary of the Town of Socorro Gra.nt. 

./ 

2 

• I/ .v 
/ 

~·iou.aa: 57.-Depth to ._ in parts or the Albuqusq1111 Dlvlslo11 m ilr.ll&--27 ud iu 
1113G. 

U, &ui An!.o·nio.-Valley limd: wut of ri~r b..9unded on nn .. ,1, 
by Bouth line of the Town of Socorro Grant, on sou' 
the north bound11.ry of the Bosque del Apache Grant. 

1.2. Booque del Apache.-Valley land west of river includt,... ,o 
the Bosque del Apache Grant. 

The computations of average depth are made in each 
case by assuming the average depth for ea.ch classifica
tion to be the intermediate value between the limits for 
that classification; for instance, the average depth for 
the area with depth to ground water between O and l 
foot is taken as 0.5 foot, a.nd for that between 1 and 2 
feet as 1.5 feet. These data are presented graphically 
in figures 57-60. 

The best-drained a.rea.s are indicated to be the Peralto.
Tome area, the Socorro division, and the Corrales eren. 
The 1926-27 and 1936 percentages for the Bosque del 
Apache tract are in close agreement. The slight oYeMill 
lowering of the water table indicated in this tract is 
in pa.rt due to the slight amount of drainage caused by 
the extension of the San Antonio riverside drain into 
the area. This agreement seems to indicate that 
probably the figures for the other districts are properly 
comparable. 

Fiaetuatlons oHhe Water Table 

Seasonal jluctoo.tions.-The present investigation has 
not covered enough time to determine the nc.n:r • 
seasonal fluctuations of the water table. It has she 
as might be expected, that the seasonal fluctuafa,_ 
in irrigated and u.nirrigated areas are opposite in trend. 
The irrigated areas receive water in the growing season 
in excess of their demand and consequently the water 
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ta i ,Jc rises in summer. In the unirriga.ted areas the 
· •ation draws heavily in summer on the ground 

. and hence in these areas the water table falls 
,m:imer. ...Vter the growing ~eru;;:,n the water table 

,;<lnf.:rally falls in the irrigated areas and rises in the 
unirrigated areas. 

These typical changes are shown by the average 
fluctuations in the several divisions of the valley be-
tween July and October 1936, given. in table 2, page 
274. The Bosque del Apache Grant i.s unirrigated 
except by overflow from the Socorro main canal at 
its north border. Between July and October the 
water table showed a net average rise of 0.86 foot, and 
it continued to rise in the ensuing months. There are 
no areas in wl1ich all the land is irrigated and hence the 
declines of the water table given in table 21 are not 
entirely representative of the change in irrigated areas. 
However, the more heavily irrigated areas show the 
greater decline. The wells on line 900.4, just north 
of Albuquerque, show the typical fluctuations of the 
water table in a heavily irrigated area. The water 
levels in these wells reached maximums in June and 
,July, then fell an average of 1.08 feet by October, a.nd 
declined 0.64 foot more by January. 

Diurnal jluctuations.-Description of areas where 
diurnal fluctuations were obsened.-Studies of the 
diumru fluctuations of the water table were made in two 

·eas of na.tin vegetation south of Socorro. These 
udies were made by me8JlB of automatic water-stage 

recorders located on wells 980.4-4:W and 993.l-6W. 
The recorders were furnished for this purpose by the 
Bureau of .Agricu1 turel Engineering. 
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Well 980.4-4:W, which has theJ011gest record, was a 
dug well with the water table aboutixeet below the 
land surface. It wu loea.ted m a grove of small cotton
wood trees, with sparse salt grass between the trees, 
about 11800 feet west of the Socorro Riverside d.rrun. 
When the rec-0rder was installed on June l, 1936, the 
depth to water was 3.98 feet. The v,ater level in the 
well sank rather uniformly, except for diurnal fluctua
tions, until August 3 when it had reached a depth of 
5.32 feet. It remained about constant at this level 
until August 201 when coincident with a rain it rose 
somewhat. It maintained a depth of more than 5 feet 
until September 11, when on the occasion of another 
shower the water table began to rise. On September 27 
snow fell in the a.rE'.a. Thereafter the diurnal fluctua
tions were smnll and the water table rose steadily but 
at o. constantly diminishlng rate to a depth of 2.80 feet 
on January 1, 1937. 

In order to relate the fluctuations observed at the 
recorder well to fluctuations elsewhere in the immediate 
neighborhood, and in different types of vegetation, 
satellite wells were placed in critical localities. Well 
980.4-3W was a sandpoint driven about 10 feet below 
the water table close to the recorder well. Well 980.4-
2W was about 525 feet east of the recorder in small 
cottonwoods. Well 890.4-lW was about 1,100 feet east 
of the recorder and about 700 feet west of the riverside 
drain in a grove of large cottonwoods. Well 980.4-5W 
was 250 feet west of the reoorder in sparse salt grass. 
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274 kio Grande Joint Invest. 

De~ t.u w.w, tn t.ot 

Dlmlct Total area Area not To ... 
Above IJ..l foot 1-2 feet ~feet 4-efeet 

IUl'Veyed mrveyed ler acna-;; 
IIW"face Mleet Hleet Over 8feet 

Allod-Bllm&llllo.. ____________________ 
0 21.<IO 12.00 an.oo GZI. 00 3,W. 00 1,915.00 m.oo 7,CM3. 00 0 7,(113. 00 

p,er,,eII t , _ - 0 .211 .17 4. 21 8.84 48. lG 27. 23 11.10 100.00 0 
Carn.Jes ••• ·····--------------------.-... 0 0 0 0 W.00 1,m.00 688. 00 :w.oo 3,117.00 1131.00 3, 74S. 00 peramt 1 __ 0 0 0 0 11.28 56. !M 22c 10 ll.38 JOO. 00 20.~ 
Alameda·Albuqoerque ••••••••..•••••• -.. 0 0 31.W IW7.IJ) 2,072.00 11,25.00 2,901.00 1.~.00 13, 1,@11. 00 l,.e8. 00 15, 45;_ 00 

percent'·- 0 0 .22 4, 21 H.80 46. 70 20. 73 13. 28 100.00 10.48 
Atrlsco, PB!wito, Isleta ..••••••••••••• lCttS •• 0 0 (l 11.00 1,832.00 7,~00 2,850.00 15-21l.00 12, :M6.00 l,887. 00 u;i33:oo 

percent'·· 0 0 0 .10 M.1MI &7.311 23.77 •. 31 100. 00 lb. 41 
Bur .•••••••• --·.--------- •. ------- .•• 11Cr11S •• 0 13.00 178.00 408. 00 1,322.00 I, 730. 00 402.00 490. 00 4,Ma.00 0 - 4,.>13. ()(i 

peroent 1 •• 0 .28 3.'10 i.00 29. JO 38.10 us lO. 77 100. 00 0 
Pml1a-Tome ••••...••..••••••••••.• -.ae:es .. 0 0 0 ~00 988.00 t,'IW.00 7, 7«10.00 1,400.00 20, oo:i. 00 Cl - 00, Ol0.00 

. pen)81lt '·· 0 0 0 .40 4.lle 475 31!. 70 7. 43 100.00 0 
Los L,:mas-Belan •.•••••••• --•••.•••••• 11;:ns •• 0 0 61.00 ~.00 l,Ml-00 11,!IJJ.OO 7,.:W.00 3, l:11. 00 23,83).00 674.00 2(, t!M. 00 

. percent'·· 0 0 .77 .119 8. 24 47.10 30.30 13.10 100. 00 2.82 
Sill JWlll ••••••••• - -·-----····· ···-····-- - 89.00 11113.00 aa.oo m.oo lill3.00 3,815.00 2,6'£. 00 22,C, 00 l!,4911.00 0 . 8,tflll. 00 

percent 1 •• .81 4.27 4.00 4.43 8.86 44.88 31.15 2.62 100.00 0 
Sta Fnmclsco ••••••••••••••••••.•••••• ~s •. 1154.00 133. 00 ~.00 408.00 1,841.00 1,437.00 580.00 55(. 00 ~344. 00 0 s.~.oo percent, __ 2.88 2.~9 •• t-0 7.IK 34.48 211.87 10.87 10.37 100.00 0 
Ban Aeacla, Liemltar, Socorro ......... o.crei •• 0 1112.00 188.00 322.00 1,107.00 3,395.00 2, 1128. 00 2,516.00 JO, 636.00 0 10, tl3G. 00 

peroeni 1 •• 0 I. 71 I. 7~ a.02 10.40 31. 85 27.62 23.M 100. 00 0 -..................... __ 
&n Autonlo ••••••••••••••• -·-·······-·· 0 0 0 !11.00 m.oo 2,520.00 2,087.00 923.00 11,036.00 0 11,036.00 

percent•-- I) 0 0 J.61 6.88 41. 75 34.66 15.30 100.00 0 
Bosque del .Apache OranL ...•••••••• -.. :ea. 00 814.00 I, 772.00 2,040.00 1,478.00 M4.00 :00.00 208.00 7,442.00 448. 00 7,8'.lO.OO 

Total for Middle Rio OranJ:lfJ1~~-.- 4,Sl Ul.9:1 Sl.80 27.42 111.83 7.82 3.0II 2. 80 100.00 6.111 - .. __ 9900BB--

esclud!na Bosque del .A pacl!e Cll"llllt 
---------------------·········--. 2211. 00 712.00 I, 130.00 2,85.2.00 13,011.00 1!2,Mt.00 31, lllll. 00 12,830.00 !IS, 323. 00 (, 000. 00 m,moo 

l)enl8Dt '-- .1g .112 .llll 2.46 11.30 45. IK 27.69 11.12 100. 00 4. 04 ........................... 
-

TABLE 2.-Comparuon of deptha to ground water in Middk Bio Grand, Valky in 1916-!7 and in 1936 

.A verap A verare 
daptb to !owe.ring 

water ot;;~ 
Average Total 111'&11 !n eacb 
chllllp division 

from Jnl;l---.,----

B feet o feet f leet 3 r .... t 2 reel I foot o foot (feet) (leet) ~Of~ Smveyed u,, ..... 
(feet) (a.,..,,.) 

Aliod-B«-llalmo .•......•.•• 11126--27.. •••••••• :n in 39. 71 ••• ·---- 70. 21 811. 411 95. 23 4. 77 1. 72 
0 

8.58 ······---· ---·····-- 11, Q83 
7,043 
3,038 
3,117 

H,675 
13,989 
15. llZJ 
.~~ ;f{i 

l11i 
0 
0 

GI 
0 

l,tM 
1116 

:. ]8; 

11136.. ll. 10 3S. 33 lltl. 411 ~- 33 99. 5-1 w. 71 100. 00 ·-·-······ 15. 72 2. H -0.33 
Comllea ......................... 1026-27 •• •••••••• 2.1118 26. 611 • -- • --·- til. 71 611. 52 Ill. 64 8. 36 0 

20.25 
0 

10.48 

2. 48 •••••••••• ········--
111136.. u. 38 33. 48 811. 72 100. 00 •••••••• ······-· •••••••• ·--····· 5. 73 3. 2b -. 30 

AlaDleda-.AlbUQuerque ....•••••• l!r.116-27 •• ····-··· 8.02 
11136.. 13. 21! 34. 01 ~: l~ --g,s:bi- tu: 1~: --~:~~- ----~~~~- 1. W ----···-·- •••••••••• 

6. 61 2. 02 -. ll8 
3.09 .Utl!co. Pa!arito. Islets ......... 1926-27 .. ·-··---. 7. 22 ~- 80 ·-·. -··. 72. 00 89. 25 00. 87 3. 13 1.17 

5. • l •. '.936.. '· ~J :; :S !4. ·'4 • w .. 1i0 :oo .• JO ·----··· ···-···· ......•••. : 
':la.r:-_________ - -·------~ .. --- _. ' --- "926,-?7 __ ·-------- :. !O . !L .J5 )l. -~ 3."J~ 

. '. !l • 2. 3; - J6 .. ... 3.,; ' ::. o9 J 
, 

:: Jl l 
lll36 .. 10. 77 19.62 S7. 72 --86~82- g5_ 82 99.12 100.00 0 i.80 . 2.b~ -l.62 t,M3 0 

Peralta-Tome_ ....... --·······--11126--27 •• -·T•:i.° 11.33 13.511 ··w~&.r 47.119 ffll.52 93.24 5. 76 0 2.32 20, 641 0 
11136 •• 46.13 IH.88 100.00 --~~24- --w:ss· 0 6.00 3.67 -.19 20, O&J 0 

Lm Lllll8S-~len ................ 1926-Zi .. -·ino" 10. &4 22.39 --.:-1r 75.39 .12 .37 3.23 2ll, 047 11'.1 
!93G .. 43.40 IIO. 50 W.73 100.00 --Y6:w- 2.82 U7 2. 74 -.40 23,820 174 

San 1uan ..•••••.• ----·······----lll26-27 •. .......... ___ . 1. 51 21.llll ··anr GB.22 111.34 a.m _sg 2.87 ____ ..... ____ __ _.. ........ __ 6, 191! :115 
ll!OO- - 2.02 83. 77 78.M 119. Qt IH.92 W.19 .81 0 15.10 2.Zl +.Ob 8,4W 0 

Stn Franclseo •• _________________ 1~27 .. .................. 11.62 25.6.15 ··u5i· :111.26 til.GI 75.48 :M.52 0 2. u 
2. 38-

4,616 0 
1D36-. 10.37 21.24 411.11 90. 23 9Ui3 117. 12 2.88 0 4.,!J,O +1.119 6,344 0 

San Acecla, ~itnr, Sororro .•• 192&-27 •. ------· 12.41 24.36 ··iinr 53.55 72. 79 88. 78 11.22 4. 76 2. fMI 13,ffl 640 
11138-. 23.65 &l.27 83.12 '16.54 lll.29 100.00 -----J. :,u;· 0 6, 13 3.47 +.22 10,036 0 

Ban Antonio .....•••••.•....•••• 111211-7:i' •• ""i5~30- •. 81 21.153 ·-.:-.r 153.U 87.10 117. 6.!i 37.34 2.83 5,0IG 2,62) 
1Q36 .. 49:.M 91. Gl 100.00 ··oo~i2· --ffl~&r --·· 6. Q3. 0 4.16 3.33 -.07 6, (136 0 

Bosque del APllebe Grant ..••••• 111211-27. _ ·-no· 0 U.66 ··33~0.· GO.OI 31. 511 U7 6, 2'.10 1,la& 
1a .• &.89 13. 21 60.46 84.26 116. 1g . f. 81 G.O'.I 2.80 .23 +.86 7,+12 448 

Total •.•••••••••..... -····--····· 1926-77 •• 
.,_ .... _ .. 

9.64 21.69 69.32 ?G. 64 m. sa 6.15 4.56 2.7& ....... ___ ...... ,..._ 1'4,.'lff l,7GJ 
111316 •• 11.12 3S.81 M.~ ··gi"7f Ill. 21 W.19 ll!ll.81 , 19 4.0t 5.69 •• 2. IH ____ ........... __ 116,azl (, l5&J 

Non.-Bosque de! Apache area not Included Ill tol.111. Depths for 111136 are from -ta ia.ken ll:I October; tllose !or Lbe earlier period are averapS for 12 ~Uve 
1111111tbs Ill 111:le md 11127. 

Well 980.HW was 1,250 feet west of the recorder in 
salt grass, and about 800 feet east of the Luis Lopez 
drain A. Well 980.3-lW was in a willow thicket 600 
feet north of the recorder. Well 980.5-1 W was in a. 
tomillo thicket 500 feet south of the recorder. The 
depth to water was about 5 feet in all these wells in 
midsummer except in 980.4-lW, in which it was a.bout 
4 feet. All showed about the same seasonal fluctuation 
as did the recorder well. 

The second recorder was placed over well 993.1-6W, 
a. dug well in a. salt-grass meadow a.bout 2 miles north 
of Elmendorf. The depth to water ranged from 1.8 
feet in July to a.bout 0.4 foot when la.st read in 
November. 

Chs.racter of Diumal Fluctua.tions.-Figure 61 shows 
the diurne.l fluctuations of the water table in the two 
wells equipped with recorders for the week of AuP'nst 
17 to 24, 1936. The fluctuations shown are t 

CO- 003227 

TX_MSJ_000307
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1
. ,! fluctuations during the growing season. The 
. ~,able ftuctuated during the course of a de.y ahout 

foot at well 980.4-4W, in the cottonwood grove, 
..ad slightly over ha.if' thi& amount at well 993.l-6W, 
in the salt-grass meadow. The recovery of the water 
table under the cottonwoods generally began several 
hours after sundown, wheren.s under the salt grass it 
began to recover very shortly after sundown. The lag 
shown by the cottonwoods may be due to different soil 
conditions, but seems most likely to result from the 
greater storage of sap in the trees. Presumably e. 
large quantity of w11,ter is stored normally in the tr~ 
and this furnishes water for transpiration during the 
early part of the morning. .Alter the tree has ceased 
transpiring in the evening there is apparently a con
fuiued draft on the ground water for some time in 
order to replenish the sap in the tree. 

On August 20, light showers fell at both recorders, 
amountuig to 0.14 inch at Socorro. There was e.n 
immediate rise of the water table presumably due to 
reduction in transpiration by the vegetation and sub
stitution of soil moisture derived from the rainfall for 
that fro.in capille.ry rise of ground water. The water 
ta.ble after rising a little for 2 days resumed its down
ward trend. 

Significance of Diurnal Fluctua.tions.-The typica.l 
ittaph of the daily fluctuation of a shllllow water table 

an a.rea overgrown by unirrigated vegetation is a. 
Jre or less symmetrical curve, felling in the daytime 

when the vegetation is transpiring water a.nd rising in 
the night when the vegetation is dormant. The cor
relation with use by the vegetation is obvious. The 
..,egetn.tion in tJie daytime uses ·~e.ter in ~xcess .of f.he 
:-a-c.e lC which it canoe cielivereci t0 the ~:rea ·oy ground
water flow, e.nd consequently the water table lowers; 
a.t night the delivery by ground-water flow exceeds 
the rate of use, and consequently the storage in the 
area increases and the water table rises. Accompany
ing the diurnal fluctuations during the growing season 
there is usually a. residual fell of the water table, e.n.d 
there is usually a. rise during the nongrowing season. 
The a.mount of the residual fell is limited, however, 
within a. narrow range by the root zone of the plants; 
if the water table should fall below the reach of the roots 
tra.nspiration would cease and the water table would 
no longer decline. Thus the a.mount of daily fluctua
tion is an index of the use of water by the vegetation. 

White 4 has made a quantitative application of this 
principle to determine the use of water by native 
vegetation in the Escalante Valley, Utah. At night, 
when the vegetation is dormant, there is presumably no 

c Whtie, W, N ~ A method of~ IIJ'llWld•water auppl.les al.lied OIi ~ 
~- pwita and evapontlm:i fl'lllll JOil, U. S. Oeol. S111'Vey Water-Supply Paper~. 

·-106, 11132. 
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Flot111E 61.-P'l~Ol:IS of water table A.111. 17 to 24, 1936, In two welb near Socorro. 

loss of water from the area, and the rote of rise of the 
water table measures the input of ground woter into 
the area. If this rate is projected through the entire 
24 hours it represents what would be the rise of the 
water table if there were no use of water. If this 
virtual rise of the water table is corrected for the 
residual rise or fall du.ring the day and multiplied by the 
factor expressing the quantity of water equivalent to a 
given change in the water table, which White ca.l.ls the 
specific yield, the use of water by the plant for that do.y 
will be determined. White I expresses the relationship 
by the formula q equals y(24r±s), in which q is the 
depth of water withdrawn, y is the "specific yield" 
of the soil in the belt of fluctuation of the water table, 
r is the hourly rate of rise of the water table during the 
period of full recovery, generally from midnight to 
4 e.. m., e.nd a is the net fa.11 or rise of the water table 
during the 24•hour period. The quantity (24r±s) 

-may)~ ··:aped ;he ''7i..rtuai :ail'' of ·,he :A·'l:.er ;able. :mci 
· represents the theoretical. amount the water table would 

fall, if there were no recharge to the area and the vegeta
tion could nevertheless continue to extract water, the 
factor 11 being considered constant. The "virtual fall'" 
of the water table at the two recorder wells is given by 
months in the following table. 

The qua.ntity (24r± s), in feet, as determined in two 
localities of native vegetation, by months: 

Wtll Well 
Ml.HW 11113.1-BW 

(In coctmwood (ill •aU-grua 
ltl'Oft) m,adow) 

hoo au 
July 9. 52 6. 69 
August aoo s. 44 
September 4. 57 a. 49 
October , 76 1. 66 

The quantities given are of course not the actual water 
use. They a.re indexes to the water use, the relation
ship between the index and the actual use of water being 
given by the quantity y. The use of water by months 

• ldem, p. 81. 
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is probably in the same rntio as that between the 
monthly indexes. 

Water levels in the satellite wells around well 
980.4-4W were read at approximately hourly intervals 
from 9 a. m. on August 19 to 9 p. m. on August 20, in 
order to compare diurnal fluctuations in the sWTound
ing territory with that given by the recorder. These 
records are given graphically in figure 62. All the 
surrounding wells showed greater fluctuations of water 
level than the recorder well, e.,:cepting wells 980.4-2W 
and 980.4-3W. The ftuctuation in small cottonwoods 
was about the same o.s that in the recorder well. In 
well 980.4-3W, o. drive point going about 10 feet below 
the water table and as close as possible to the recorder 
well, the water rose and fell about as it did in the 
recorder well, but it neither rose as high nor fell as low. 
The ratios of the foll in water leYel during the day in 
each of the satellite wells to the fall in the recorder 
well were as follows: 980.4-3W (drive point near the 
recorder) 0.7; 980.4-2W (small cottonwoods) 0.8; 
980.4-lW (large cottonwoods) 3.8; 980.4-5W (sparse 
salt grass) 2.3; 980.4-6W (salt grass) 3.0; 980.3-lW 
{willows) 2.5; and 980.5-IW (tomillo) 3.2. The com-

H0.4.!w 
5.:,0 

5.30 - v--,. """-Okl!W 

/ " 5,U / 

~LL COTTONWOO~ 
- L/ I IIIIIYE POINT 
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/' ~ I ' .. 4,71) .... ~;-q '· / ) ~-/ I ! ,. ' 
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Fu;uu 112.-Fmctuatiom of water table In I IIWP or walls near 8ocorro Aua:. 19 to 
:xi, 111136. 

NOTll:.-0.H lneb rain fell at UO p. m. Aue. 211, 1930. 

Rio Grande Joint lnres1i, 

plete significance oi these ni.ti~--doubt. In pnrr, 
they represent different rates of tra.nspiration and ,.r 
ent rates of draft on ground water. It is proi. 
significant that the fluctuation in wells 980.4-2W nnd 
980.4--4W, both in groves of small cottonwoods, was 
about the same, while that in well 980.4-1 W, in a groye 
of large cottonwoods, was much greater. However, 
because the a.mount of fluctuation is also dependent on 
the character of the soil in which the water table 
fluctuates, it is evident that these ratios are not 
necessarily the ratios of uses of water by the d.ifl'erent 
types of vegetation. 
• Insufficiency of Data for Determining Consumptive 

Use.-Whlte's study of the relationship between diurnal 
fluctuations of the water table and use of water by 
native vegetation in the Escalante Valley was accom
panied by intensive study by means of tanks to deter
mine the proper value of "specific yield" to be applied 
for each soil used. The application of this method of 
study of consumptive use by natural vegetation pro
duced in his area results closely comparable to results 
obtained from studies with soil tanks. 

The theory appears to be sound but the use of the 
term 11specific yield" is probably unfortunate. as imply
ing that the factor y in the formula. is the same specific 
yield fnctor that is used in other types of investigation. 
Meinzer 6 has defined specific yield as the ratio of · · ' 
the volume of water which, after being saturated1 i 

will yield by gravity, to (2) its own volume. 1~ _ 
implied that the time of draining is unlimited. This is 
obviously a different a.mount than would drain in the 
approximately l2•hour period involved in diurnal 
Suctuation. A better term would probubiy Je :he ::nore 
general though closely related term "effective porosity" 1 

which is defined as the ratio of (1) the volume of water 
(or other liquid) which after being saturated o. soil will 
yield, under any specified hydraulic conditions1 to (2) 
its own. volume.7 If the fact-0r y is regarded as the 
effective porosity of the soil, the specific conditions 
being identical with those involved in the fluctuations 
in a given locality, the formula appears to be theoreti
cally correct. In order1 therefore, to compute by 
means of water-table fluctuations the use of water by 
vegetation it is necessary to know the effective porosity 
specific to the hydrologic condition involved. This 
factor can probably only be ascerta.ined with exactness 
by laboratory experiments duplicating the fluctuations 
in a column of the natural soil. Such methods were 
used by White in the Escalante Valley. In the present 
investigation time and personnel were not available for i 

• Mebw,r, o. E., Outline of cronnd-water h;vdroloa; ll. s. Oeol. Sun"e1.Water 
supply P&l)llr m, p. ?.S; 11m. 

lldan. 
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Ground ll"ater ResO'Urces 

similu:r experiments. It may be of some value, how
e"e~, to exo.mine certain available data regarding the 

··lumns near the recorders. 
.J1e time the hourly readmgs of water levels in the 

Jli.te wells n12;;;..r :::.on 980.4-4:W were made, on Augm;t 
19 and 20, l'!IOil samples were taken near both recorders 
by the Bureau of Agricultural Engmeering. Two sets 
of samples were taken at each rec.order, one in the 
evening of August 19 a.nd the other in the morning of 
August 201 in the hope that by me.king soil moisture 
determinations at high and low stages of the water 
table, differences in the total soil moisture in the capil
lary fringe would be noted that could be correlated with 
the fluctuations of the water table. However, the soil 
apparently varied so much within the few feet between 
successive sampling points that no significant differ
ences could be found. 

The cha.racteristics of the soil columns near the two 
recorder wells s.s determined by the Bureau of .Agricul~ 
turnl Engineering are given in tables 3 and 4. The 
volume weight is the apparent specific gravity of the 
soil. 

It is evident that consumption of water computed 
from the water-table fluctuations and using the values 
of pore space minus moisture equivalent by volume as 
the effecth-e porosity would be exorbitant. Thus the 
computed values would be about 11 feet at well 980.4-4W 
for the period June 1 to December 31 and about 3.80 

at well 993.l-6W for July l to October 31. It is 
.ent that the effecti-n~ porosity pertaining to these 

nuctuations is much smaller. In well 993.1-6W the 
capillary fringe evidently reaches the surface, as the 
topsoil is quite moist. The pertinent efl'ective porosity 
must .be accord.41~ly reduced. In well ~80.4-4W! 
'.)OSSfoie ~a lises· '.Of ·:ow 51.1 ectiV a: IJOrOSity ire .:nore jiifi
CWt to find. It may be that the abrupt change in 
moisture content at 3 feet noted in both sets of samples, 
represents a bed of coarser material overlying finer, so 
that, in this well al!.01 the capillary fringe is definitely 
broken at this fixed level and is thus prevented. from 
fluctuating with the water table. 

Movement of Groud Water 
General PrindplH of Grou.nd-Water 
Movement 

So far as can be learned from experiments e.ppro:ri
mating the conditions of nature, ground water always 
moTes in conformity with Darcy's law, which states that 
the rate of ftow is equal to a factor expressing the ease of 
movement through the containing medium multiplied 
by the pressure gradient under which the water moves. 
The factor expressing the ease of movement through the 
containing medium has been evaluated in many ways 

277 

TAIH,E 3.-Soil mil'islure conditiom at U'ell 980.4-4 W, south of 
S()C()rro 

SAMPLES TAKEN l:W A. M. AUG. 20. 11136 

Depth ill leet 

H.5 ........ ___ ....•....... 
0~1.0 .•......••..•••••••.. 
J.1)-1.~ ••. •·••• ··········-·· J..~-2.0 ..•...•••.•.•.•.•..•. 
2.1)-2.5 .••••.........••.•... 
2.,l,-3.0 .................... . 
3.0-3.5 .•.....•....•••.•.•.. 
3.H.0 .•.•....••••.••...... 
•• 1)-4.5 .................... . 
4.&-5.0 ........ -- .. -· ...•••• 
5.i>-5.~--· ................. . 
6.H.O .................... . 

14. 0 } 
5.5 
~.3 } 
3.2 
4. l } 
6. 8 

18. 7 } 
16.1 
18. II } 
24. 4 
20 } 
2tl.5 

MU { 

498 { 

3; -0 { 

fll. l { 

35.8 { 
( 

4). 2 l 

1.08 
J.08 
1.33 
ua 
1.66 
1.66 
l. 38 
1.38 
I. 70 
l. 70 
I. 57 
l. 57 

111. l } 
6. 0 
2.2 } 
1.4 
l. 4 } 
1.3 
2.11 } 
l.11 
l. 8 } :u 
2. 5 } 
2. 5 I 

SAMPLES TAKEN AT 10:15 A. M. AUO. 20, 1936 

o--0.~ •• - .... -· - •.•••••••••• 
0.5-l.O ••.••••••••••••.•.... 
l.l>-1.5 .••••.•••...•. ······· 
l.i,-2.0 .......•..•.....•.... 
11.1)-2.b .•.....•••.••••••••.. 
2.!1-3.0 .................... . 
S.D-3.5 .•..•••.•.•........•• 
3.15-4.0 .................... . 
(.1)-4.5 •••••••••••. ·•••••••• 
4.:,...5.0 .... ·····•·•·••••···· 
~l>-5.5 .................... . 
b,tHI.O .......••••.•...••••• 

a2 I) 
l).~ 

3. 2 } 
:1..5 

a.a } 
4. 8 

12. :I. } 
16. 5 
20. i } 
25.8 
24. 6 l 
26. 0 

tr. 9 r 
l 

41,& f 
I r 

42. 0 } 

23. 0 l 
40.9 I 
28.S { 

l.3S JIU } 
I. 38 3. 9 
l.56 2. l } 
Uh 1. 8 
l. 53 2.0 ) 
l. 53 2.2 
2. (K 2. 7 l 2.01 2.8 
J.5'1 3. 3 } 
1.56 3.6 
1.81!! 3. 2 } 
I.SB 3. I 

11. 8 

1.8 

I. 1 

2. 4 

2.2 

2. 5 

11. 7 

2. 0 

2.1 

2. 7 

3. 5 

3. 2 

TABLE 4.-Soil moi3ture conditiom at u-ell 99S.1-6W, 1outh of 
Soc,orro 

SAMPLES TAKEN AT 8:30 P. M., AUO. 19, 1936 

Depth ID feet 

IHJ.5 .... ·····•·· ......... . 
0,5,-1.0 .•.... --- ........•••. 
1.0-1.5 .•..•••.•...•.••.•... 
l .6-2.0. ••. -- .. -· ... -- •.••.. 
'..1.0-2.5 ••..•........•••••••• 
2.5-3.0 .................... . 
3.0,-3.5 .................... . 
3.5-4.0 ................... .. 

MolstuN Pore V I Moisture 
in percent 1pace, In ° ume eqlli \'a.lent. A VllfBge 
by ,.·eight percent weight hi percent 

by wm&ht 

+f.7 } 113. 7 { ), 19 40.8 } 112.2 21U 1. rn 23.5 
38.( } &l.& { 0.118 30. 7 } rr. 5 &1.4 0.118 '"- 4 
42.0 } M.5 { l.H 87.6 } 38.7 48.3 1.14 311.ll 
411.4 ---· .... ---~ ... -------- - 46.0 ----------
M. j . - -- -- -- -~ ................ - ~.3 

SAMPLES TAKEN AT NO.-\. M., .At:G. 20, 11136 

D--0.5 ••••• - ••••••.•••••••.• 
0.,;.1.0 •• _., •....•••.•.•••.. 
l.0-1.5 ..•.•..••••.•••.•..•• 
l.5,-2.0 ....... _ ••..•••.•.... 
2,0-2.5 ....•.. - ... ·········· 
2.5-3.0 ....•••.•....•.• -----
3.0-3.5 .................... . 
3.H.11 .................... . 

31.0 } 
21.ll 
41. 0 } 
48.8 
47. 9 } 
112.2 
116.ll} 
79.3 

4U { 

57. 5 { 

M.O { 

e.u { 

l, 44 
1. 44 
1. Oi 
l. Oi 
l.H 
1.)4 
0. 86 
0.86 

H. 0} 
ll.O 12. 5 

:SI. 3 } 
38.4 34.8 

15.0 } 
37.2 38.7 

43. 5 } 
43. 7 43.6 

according to the type of work to which it is desired to 
apply the factor. Th.st which will be used in this report 
is the coefficient of permeability defined by Meinzer 8 

which e.."Cl)resses this ease of movement as the number of 
gallons of water at a temperature of 60° F. which will 
move in 1 day th.rough a cross section of the water
bearing materia.11 foot square under a pressure gradient 
of 1 foot in 1 foot. The ease of movement m an aquifer 1 

as a whole, cs.n under certain conditions be determined 

• Stearus, N. D., Laboratory taU OD pll}'llaal prol)lll11es ohrat.w•belrinc matmala: 
ti. 8. Geol. SUTVllJ Watar-S11ppl7 Papar ll86, pp.148, HII; um. 
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by means of pumping' ~ or otherwise. To express 
ibis ease of movement tJu,ough the entire thickness of 
the aquiler, the term coefficient of transmissibility will 
be used &nd will also be expressed in gallons a day. It 
equals the average Mein7.er coefficient of permeability 
of the material in the aquifer multiplied by the thickness 
of the aquifer, in feet. 

Darcy's law is in form the same as Ohm's law re]ating 
to the flow of electricity, and the same as the law relat
ing to the Bow of heat by conduction io solids. For every 
factor needed to use Darcy's law in the study of ground 
water, there is an anala.gous factor in the th~ries of 
the conduction of heat a.nd electricity. In -general, 
studies of the movement of ground water are for several 
reasons more complicated than studies of the movement 
of heat. Ground water moves through a medium made 
heterogeneous by geologic processes which were subject 
to interruption and variation during the period of forma
tion of the mediwnf whereas problems in conduction of 
heat and electricity commonly concern more or less 
homogeneous meditt. fabricated by man. Therefore, 
although it seems necessary to consider theoretically 
the movement of water as it would be in a homogeneous 
medium in order to have a criterion to apply to the 
observed phenomena, it must be remembered that no 
theoretical qul:\lltitative treatment can exactly express 
the conditions of movement of ground water in nature. 
However, the results of such theoretical studies yield 
criteria in the light of which observed phenomena cnn 
be interpreted, in much the same way as the theory of 
bes.ms yields useful criteria for the construction of 
wooden structures although it is recognized that wooden 
members do not conform to the ideal structures of 
theory md a factor of safety · !!lust 1:?e... ip:plied :or safe, 
eoiliitrucHon. 

Any fluctuation of the water table should be inter
preted in the light of changes that have occurred to the 
east, west, north, and south of it, and vertically below 
itf and also before it in time. For instance, the water 
levels observed in shallow observation wells that extend 
just below the water table generally show the hydrostatic 
head at the water table with considerable precision, but 
the head of the water at greater depths in the water
bearing formation may he significantly different, be
cause there is likely to be a vertical pressure gradient 
even where no a.rtesia.n structure exists. Again, in 
nearly all ground-water phenomena there is a lag 
etreet. Many phenomena are not correlated with con
temporaneous phenomena elsewherei,but with phenom
ena of the. put. As one instance in point, there must 
always be a time interval between the rise of the water 
level in the Rio Gnmde and the rise of the water level 
in the riversid11 drains, and it is therefore probable that 
the drains generally reach their ma:rimum stages during 
flilling stage, of the river. 

In homogeneous material the ground water movb in 
the direction of the slope of the wa:tertable. HP· "r, 
by Darcy's law the rate of flow is equal to the l e 
p:adient multiplied by the coefficient of transmis.._ ~,tr 
and hence in a material that has different transmissibilit~ 
in different directions, the direction of movement mu;t 
be deflected from the slope of the water table toward 
the direction of greater transmissibility. 

The medium through which the ground water chieflv 
moves in the Rio Grande Valley is the alluvium d;. 
posited by the river. An aggrading river, such as the 
Rio Grande, deposits coarse materials under its channel 
and finer materials on the adjacent flood plain. When 
t.he river shifts its course, it scours out some of the 
flood•plain materials and deposits coarse materials in 
their place, at the same time depositing finer material 
over the coarse material in its abandoned channel. 
Water moves longitudinally through these more or Jess 
continuous coarser deposits with comparative ease, 
but its movement either vertically or transversely to th" 
a."ris of the valley is retarded by the less permeable 
flood-plain deposits between the old channelways. 
The application of ·this principle to the present study 
lies chiefly in the interpretation of the maps of the 
water table, with respect to the direction of the move
ment of the ground water. In the absence of de.finite 
data, it seems to the writer a fair tentative nssumption 
that, in general, the direction of movement is , 
haps about hall the angle with the river as that 
water.table gradient as shown by the contours of the 
water table on the map. Hit were possible to construct 
a water-table map that would be accurate in minute 
detail, the slope of the water table at any given ?lace. 

• ilS :.ndicated ,:>y- r,he,r,ontourn, · cvould ~orrespon1 ~n.:· 
tially to the direction of movement of the ground 
water. 

General Cbraeter of the Mo•ement 

The most obvious characteristic of the ground-water 
flow indicated by the water-table map a.nd the foregoing 
discussion is its predominant downstream movement. 
From the vicinity of Algodones at milepost 880, rm 
the Atchison, Topeka & Santa Fe Ry., where the water 
table has an altitude of 5,080 feet, to milepost 997, 17 
miles south of Socorro, the water table falls 585 feet, 
or a.n average of 5 feet to the mile. In places where 
ground-water recharge occurs, whether from the river, 
irrigated land, canals, or bordering mes.as, the hydro
static head is built up and consequently there is a 
tendency for the ground water to move laterally away 
from these places and also vertically downward. In 
places where ground water is discharged, whether by 
vegetation or drains, the head is lowered and conse
quently there is a tendency for the ground we.t 
move laterally toward these places and also vert:. 
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·i,d. Thus the body of ground water ie slowly but 
·~y moving in a general downstream direction, 

'2' ,; new supplies at some places and losing water 
at ;'s. Thus the ground water discharged at any 
pb..:~ may have had its origin a considerable distance 
up the valley and may have been brought to the points 
of discharge through a certain amount of upward as 
well as lateral movement. 

The lateral slopes of the water table, and consequently 
the lateral movement of the ground water, vary con~ 
siderably in the different parts of the valley, depending 
principally on the spacing of the drains. In general, 
the lateral slope of the water table varies more or less 
inversely with the width of the valley. The lateral 
elope is greatest in the Socorro division, where it is as 
high as 22 feet to the mile, and lea.st in the Belen divi
sion. The interior drains in general follow the cienegas, 
or longitudinal depressions of the flood plain between 
the borders of the valley and the natural levees of the 
river. AB a consequence, the interior drains a.re 
generally inciBed into umd that is lower than the land 
near the river and in most places lower tho.n the river 
itself. Hence the water ta.hie is here held at its lowest 
position. Where the valley is ne.rrow, and where the 
cienega and the droin are consequently close to the 
river, the gradients from the river to the cienega and 
'"'Om the border of the valley to the cienega are con-

quently high. The riverside drains a.re generally on 
. Lligher le.nd than the interior drains. 

Mo...-ement Near lUYeral.de Drain• 

In probably the greate·r part of the valley the slope 
)f :.h.e : "2 r,er ~ble :s :rom ·,he 011cini ty of . the :i.verside 
drain toward the interior drain. In the areas where 
the valley is narrow and the interior drain is only a 
fraction of a mile from the riverside drain1 the elope 
toward the interior drain is especially great. Many of 
the canals e.nd laterals closely parallel the riverside 
drains, and hence wherever there is considerable seepage 
from the canals or laterals, the ground-water level is 
helq, high and causes or accentuates a. slope from that 
vicinity towud the interior drains. In some localities 
the canal near the riverside drain may be the principal 
source of the ground water fl.owing from it in the direc
tion of the interior drain. In some irrigated localities 
seepage from the wa.ter a.pplied to the land may be the 
principal source but in the Socorro division, where the 
gradient towa.rd the int.erior is greatest, there is com~ 
pa.ratively little irrigated land near the river. There 
is also a. tendency for water from the river to underpass 
the drains and to continue percolating to lower hydro
static levels farther inland. 

In connection with the study of the lateral slope of 
.1e water table, several observation wells were estab-
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liahed in the close vicinity of ~e Socorro riverside 
drain opposite milepost 976.5, l mile north of Socorro. 
These wells were placed on 11. line a.t right angles to the 
drain, at intervals of approxima.tely 142, 358, and 554 
feet west (inland) from the drain, and 153 and 380 feet 
east from the drain in the direction of the river, which 
is a.bout on~fourth mile from the most easterly well. 
The wel.JB are in a bosque. The line of wells is crossed 
by the Socorro main canal, and one of the wells (976.5-
3W) is very near the canal. There was, however, no 
irrigation near these wells. Graphical records of the 
water levels in these wells are given in figure 63. 

At the time of the first readings on May 11, 1936, 
the wa.ter levels in wells inland from the drain stood at 
their highest position during the period of observation, 
and in the wells between the drain and the river the 
wat-· -~ls were nearly but not at their highest 
posit.on. The water level in the drain stood about 
U feet below a. line connecting the water levels in the 
nearest wells on the opposite sides of the drain. Minor 
fluctuations were recorded during the remainder of 
May. On June 2, the water level at the well nearest 
the river bad risen a.bout 0.5 foot with respect to its 
position on May 18. At the same time the water 
level in the well farthest inland had fallen a.bout 0.4 
foot and the relative level of the drain remained the 
same. The rise of the water in the one well was 
proba.bly due to flooding by the river and the fall in 
the other to increased transpiration losses. On June 27 
the wa.ter level he.d fallen about 0.2 foot below its 
initial position in the well near the river and a.bout 0.7 
foot on the inla.nd side. The water level in the drain 
-va.s .3till 1hout 1.: :'eet '.:>elow :he 1os1tiQn :.nciic:i:teli. 2ry 
the average gradient between the adjacent wells. On 
July 29 the water near the river was 0.5 foot below its 
original position a.nd fllJ'thest inland it had fallen to its 
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lowPst position during the period of study, about 1.4 
feet below its level when first ohserved. The water 
level in the drain was slightly over a foot below the 
position indicated by the average grade between adja
cent wells. This approximate position was maintained 
through August and n. put of September. On October 
10 the water had risen to a position about intermediate 
between the extremes shown during the period of 
reading. The water level in the drain was 1.1 feet. 
below the position indicated by the gradient between 
adjacent wells. On November 13 the water level had 
risen almost t-0 its highest position nenr the river and 
about 0.4 foot below its highest position at the land 
end of the line. The water in the drain stood about 
1.4 feet below the position indico.te<l by the grade 
between adjacent wells. On No-vember 16 the canal, 
which passes between well 3-W n.nd the riYerside drain, 
was closed. There woo pro.cticaUy no c.hange in the 
position of the water tn.ble between the previous read
ing, on November 13, and the next reading, on 
December 21. 

The slope of the water table between well 3-W and 
the riverside drain indicates that water is moving 
toward the drain near the ,niter table in this interval. 
The slope in the opposite direction between wells 3-W 
and 5-W indicates that water is moving away from the 

Rio O,ande Juini _ 

river in that interval. Such a condition v. he 
explained by the presence of a source of grounu :,·r 
at or near well 3-W t such as seepage from the canuL 
However, in well 3-W, near the canal, there was· 
tively large decline in the water table between , 
and September 8, while the canal was continuuus!y 
filled with water and there was little change in its 
position between November 13 and January 20, 1937, 
although the canal did not carry water after N ovem
ber 16. The decline in the wells prior to September 8 
was probably due t-0 discharge by the native vegetation, 
and the subseq,1ent rise was probably due largely to 
replenishment by ground water from farther up the 
valley-in part, water from the river that underpasses 
the drain. 

Movement Near Interior Drains 

Figure 64 shows the profile of the water table along a 
north-south line of experimental wells across Armijo 
drain. on the west side of the river, about 3 miles below 
Albuquerque. about midway in its course westward to 
join the Isle ta drain. It shows a fairly uniform grndien t 
a.long most of the profile,· except near the drain, where 
the gradient is greatly increased as the water converges 
laterally and upward to the droin. This is probably a 
typire.l profile of the water table near an interior drain. 

~ I 
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Ground Water Resowces 

Cuefficicnts oi trnnsmissibility may be computed 
from the :flow in interior drains and the water-table 
:rradients near them. In this case the sum of the 
radients on the two sides of the drain toward it are 

. ~ua.1 to the f.++-up of the drain divided by the trans
missibility of the aquifer. If the pil'k-up of the drain is 
expressed in second-feet per mile and the gradic n t u.s a. 
decimal, the coefficient of t.ransmissibiJity will equal tle 
pick-up divided by the sum of the gradients on the two 
sides and multiplied by the factor 122. 

Some difficulty has been experienced in finding suit a

ble localities in which to make this compn.rison. Wells 
used to detennine the gradient must be so placed tlrnt 
no interfering source or outlet of ground water occurs 
between them, o.nd the drains must be capo.ble of being 
measured with some o.crurncy. The best Jocn:lity 
found wn.s thD.t of the Barr interior drain. Three lines 
of wells cross this drain, and good records have been 

T,UILE 5.-Water-ta.ble gradients between certain well& in tke 
Barr dislrict 

Date 
(11136-37) IIOO .0- ~t 9l0.2- 910.2- 9! l.2- 91 l.2-

6E am! and 4E and 7E aod SE e.nd gF; aml Dou bla 
IIOU.6- llOU 6 910.2- 910.2- 911.2- 91 l.2- a,·era"e 

l"E UE SE 6E 6E ~E ______ , ___ ---·----------
Ma; 23------------- 0.00235 O.OOl96 O.OOOll2 0.00327 O.OOO!a 0.00050 O.OOll2 
JuDe l 8............. . 00196 . ClW43 . 00067 . 00599 - . 00004 . OOOZ7 . OOI IO 

-··
1nt:::::::::::: :::il :~~ := := =:~ :::m := 

,t. J 6_. . . . . . • • • . . . • 0012.5 . OOl39 • IJOIJ!l9 • 00084 • <JOO« • 00003 - CIO.'l(l4 
L. :lO-············· .00165 .OOl,5 .0Wf4 .OIKII -.00004 ,00120 .00470 •• o,·. 11.. ............ 001aa ,OOl36 .00100 . 00382 .oou:ri . 0002; .00432 

D«'.111 •.••••••• _. __ .00157 .DW57 -.00015 .00419 .00107 -,IXlOIO .00338 
111.ll_ 26--·-······· _ _ _ . 00142 - 00346 -. 0009i . OOll8( • OOlll . OO(M3 • 00277 

~ =~ 
Dlstallce b4!tween I 

well! (in feet) __ ••• 7\10 740 t75 l53Cl :w 300 •••••••• 
Dl5tance between 

11i!SJ"est ,.-..ir and 
'.irrun !? oetl._.. .lOO • :SO ;,'.l() ~ ,50 :w -······" 
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obtained on all of them. The data on water-table 
gradients in this a.rea are given in table 5. 

The double average gives the a.vera.ge sum of the 
gradients on both sides of the drain on the three lines of 
wells. Gradients toward the drain are con!ii,!::::od oosi~ 
th,, ir' ''' ~ L;.b·.ll .. t~un. Thu dvuble average is pl~tted 
on figure 65, togethrr with rates of accretion to the Barr 
drain taken from a.mi.bit T-33 entered in the present 
suit between Texas and New Me,dco on the adjudica
tion of waters of the Rio Grande. The average monthly 
values for the two sets of data are given below. 

TABLE 6.-Average aum of water-table gradi.enls toward Barr 
drain, average pick-up of the drain, and computed coefficimta of 
trammissibilily of the aquifer 

Molilh (mG-37) 

June ............. _ ..........•..•.•....•• 
July ••.. --····-·--·····-········-----·-· 
.iu,wt ........................... ., .. . 
September ...••••. --- ....... -·····- ..•.• 
Oc1oher .. _ ·····------·-------·· ......•. 
No\'embrr_ ... -···----·······-·· .. ·- ___ • 
Decemher.. ------········ ··-···-- ..... . 
Jaimarr. --- .. ---- . --·······. -·- -- -.•••. 

I I A ,·erai:e ae
A \'el'lll!e rom , crEtJon to lo1 water-table· drain (cubic 

11Tadlents feet per l'e<'
OIUl per mile) 

0.00406 
.00379 
• OO'llll 
• 003781 
• OIK48 

:=:i I 
. 001991 

3. Oi 
2. 23 
2. 46 
2.22 
1.98 
2. 07 
1.57 
l.3.2 

Computed 
coeff:.eienl of 
trammissi· 

bll!ty 

112,200 
71, 700 
711,800 
71. ffl) 
M,800 
58,600 
51, IIOO 
53. llOO 

Beginning with October the computed coefficients of 
tronsmissibility ore quite accordant. There seems to be 
little doubt that they are more nearly correct thnn those 
computed for June to September, for the summer water 
levels nre influenced by irrigation, which is irregulnr and 
furthermore adds wnter between the weUs, whereas t.he 
theory assumes that the same amount of water passes 
the successive wells. Inasmuch as more water is likely 
to be added to the best drained land, which is land near 
~he ,frain, ·.he '.endi:rnr-y :s ·.o ::nal-s.~ ::i.e ~atio ·)etween the -. 
pick~up of the dram ana the water-table ·gradient larger 
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in the imga.ted eeuon than a.t other times. During the 
nommgation sea.eon water is taken from storage between 
the wells chosen to measure the gradient- and between 
the nearest well ud the drain. The gmdioeut bet.ween 
the wells the:mf oni COffe!l~m,u to a smaiJdier qumtity of 
water than enters the drain. 

It. ia therefore believed that the coefficients of tra.ns
m.iesibility computed from the de.ta. for October to 
Ja.nuary are more nearly accurate tha.n those computed 
for June to September, but tha.t even these are some
what too large. It seems to the writer th.at a coeffi
cient of 50,000 is likely to represent approximately the 
average transverse transmissibility of the alluvium of 
the area and perhaps that of the alluvium in the Middle 
Rio Grande Valley 1 but intensive work on this particular 
problem is needed. 

Source of the Ground Water 

Gro1nul Water From the Bordering Hlch Lands 

The ground water in the Middle Rio Grande Valley 
has several sources, nwnely, underflow from the mesas 
on both sides of the valley, seepage from the river, 
seepage from the cMa.ls, local rainfall, a.nd seepage 
from irrigated lands. 

A considerable a.mount of ground water in the aggre
gate must come from the higher lands bordering the 
valley. A pa.rt of the rain that falls on the extensive 
mesas on both sides of the Rio Grande Valley percolates 
down to the water table. This is proved by the pres
ence of wells on the mesas with higher water levels than 
those in the wells in the valley. The only obvious 
avenue of escape for this water is in the valley. In 
many places, such u on the east side of the river at 
AJbuauerque. any 9th.er_ disposal :s .iJ.most ~ertainly 
prevented by granite masses in the mountains 'bordering. 
the Rio Grande depression. 

Ground water percolates from the bordering highlands 
into the water-bearing alluvium or fill that underlies 
the va.lley and thence comes near the eurla.ce and is 
eventually discharged by the drains or by the vegetation 
or in other ways. There is doubtless general percola
tion toward the valley throughout the length of the 
valley, but the largest contributions come from the 
vicinities of the arroyos, whlch intermittently carry 
large quantities of water. The water-table map shows 
steep gradients nes.r the debouchures of the large 
arroyos upon the floodplain, :nota.biy below Tijeras 
Canyon, in the upper pa.rt of the Barr district, and near 
Hell CMyon, above Peralta. 

Observation wells were placed in the valley of s.n 
uroyo entering the Rio Ora.nee V a.lley at the north line 
of the Bosque del Apache Grant and in the va.lley of 
the &II .Antonio Arroyo, above San .Antonio. It was 

Rw Ora11<k Joit,t J1. 

hoped that th:~ &m>YOB would discharge surlae1. r 
during the ce;nne of tJJe. invtJStiga.tion1 Md that s11;,, 

cant :Buctu~m o,f the. watei--ts;ble-would he founci. 
Hwiveve:r, tlne,y did not ~ my water an, 
oDl!J; ioottuti~ B,11),t,ed weJ.?e similar to those of 
pe.roo of the vaJ:l.·e,y. 

In many places the water table under the valley near 
the. mesas has a considerable gradient--generally 
larger than th.at in the interior of the valley. This 
indicates considerable ground-water flow, but some pa.rt, 
perhaps a la.rge pa.rt, of this is furnished by seepage from 
high-line ca.nals. It seems impossible to apportion the 
flow to the two souxces with the data at ha.nd, but 

. intensive study in chosen localities of water-table 
fluctuations when the canals are full and when they 
a.re empty might yield results. Studies of the quality 
of the ground water near the drains might also be 
indicative of the source, but samples from aha.How 
wells are likely to show only the last increment to 
ground-water flow; that is, the increment furnished by 
the canals. Studies of the gradient of the water table 
under the mesas and of the permeability of the Santa 
Fe formation underlying them would help answer the 
question. A study of wa.ter-tab]e gradients on both 
sides of the high-line canals would also be useful, but 
as the critical cane.ls are on high ground, this would 
require the use of well-drilling equipment to sink the 
observation wells. 

Some of the water percolating through the permeP • ' · 
beds of the Santa. Fe formation below the n: 
doubtless enters the fill below the valley at consider~.. _ 
depths, eventually rising through the valley fill through
out the width of the valley, and having a part in 
maintaining the general ground-water level and supply
ing the drains. As the :-iver -flows 1t. 1. ~ig:her .~'.ev':'l , 

- ~bari'" ~he ;round-water ~evei in· ~he 1>Ul tm1.wci area and 
a.s the flow is from the river toward the land, little if 
any of the Bow from the mesas ce.n escape between the 
riverside drains. In winter when transpiration and 
evaporation are very low, most of the water from the 
mesas is returned to the drains. At this ti.me there is 
no irrigation but there is perhaps a small amount of 
recharge from melting snow. There is little water lost 
by tn.nspira.tion. Hence the flow of the drains at th.is 
time is maintained largely by ground-water flow from 
the mesas and from the river. 

The recharge from the mesas, as well as the specific 
yield of the va.lley fill, was computed for the section 
of the valley between Isleta and Belen by 188um.iD.g 
that during this winter period the recharge from precipi
tation and the discharge by evaporation and tn.nspira· 
tion are negligible and that the quantity of water from 
the river that underpa.sses the river-side drains approxi
mately compensates for the seepage into these drains 
from other sources (pp. 285-286). This portion of#' 
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, lley is the widest part of the middle valley I and, 
·oughout its length of about 17 miles, irrigated land 

n.d drainage structures a.re present on both sides of 
..he river. The total fl.ow of the interior drains-the 
Los Lent.es and Los Chaves drains, west of the river, 
and the Otero, San Fernandez, ud Tome east of it-
wu 50.5 second-feet on December 151 HJ36, 37.7 
second-feet on January 23, 1937, and 32.8 second-feet 
on February 25. The average fall of water level m·s1 
apparently typical wells in this part of the. valley was 
0.46 foot from December 15 to January 25, and 0.17 
foot from January 25 to February 17. The area. under 
c.onsideration contains about 36,000 acres, and there
fore approximately 16,600 acre-feet of material wa.s 
unwatered in the first period, of 41 days, and 6,130 
acre--f eet in the latter period, of 23 days-equivalent 
t-0 405 and 266 acre-feet a day, respectively. The 
average rate of discharge of the interior drains was 44.l 
second-feet in the first period and 35.3 second-feet in 
the second period. On the foregoing assumptions, the 
water discharged by these drains must have been 
derived essentially from ground-water flow from the 
mesas 8.l)d removal from storage by lowering of the 
water table. The rate of flow from the mesas was 
presumably almost constant. Therefore, the following 
equations can be written: 

. 405 times specific yield 
Mese. mcrement plus 1.QS4 equals 44.1 

.nd 
. 266 times specific yield Mesa mcrement plus 1.

984 
equals 35.3. 

In these equations 1.984 is the factor for converting 
from acre.feet a day to second-feet. These two equa
:ion's ~an )e. ,oived 3imuitaneously' ~o ;ive .i. mesa 
increment of 18.3 second-feet, or 1.08 second-feet per 
mile of ve.lley, and a specific yield of about 12.5 percent. 

The movement of ground water in the Rio Grande 
Valley is complicated because of the number of possible 
sources and possible outlets, a.nd hence the solution of 
the pair of simultaneous equations above can be only 
indicative of the magnitude of the quantities involved. 
The mesa. varies from point to point in its width, 
intake possibilities and water..carrying ca.pa.city and 
therefore the increment of water from the mesa will 
vary accordingly. When more data for several stretches 
of mesa a.nd covering a. longer period are available the 
method used may give good results. There are several 
possible sources of error. Probably the most important 
of these is the lack of informa.tion as to the amount of 
ground water from the cultivated area that is tributary 
to the riverside dnin.s1 and, conversely, the amount of 
water from the river which underpasses the riverside 
drains. If any recharge occurred in February coinci• 
'ent with the thawing of the ground it decreased the 

&owering of the water table and as a consequence the 
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computed specific yield is less than the actual and the 
computed mesa increment larger than the actual. 

The data. available regarding ground-water conditions 
before the construction of drains is , llown on page 291 
t-0 indicate an average mesa increment of from 0.5 to 1 
second-foot per mile of valley. Despite the large ele
ment of doubt :.n both methods used to determine the 
mesa increment the :results are comparable. The increase 
in fiow in the Rio Grande canyon between State Line 
bridge and Embudo indicates a ground water accretion 
a.mounti!\..r,: also t-0 a.bout 1 second-foot per mile (p. 224). 
This a.rgeement helps to corroborate the estimate for 
mesa seepage in the middle valley, indicating at least 
the.t it is of .the right order of magnitude. However, 
direct comparison of ground-water accretions in the 
two stretches of the river cannot be made because of 
differences in rainfall and in opportunity for recharge 
and discharge in the two localities. 

A question of probably more direct importance than 
the actual amount of ground-water contribution from 
the bordering mesas, is the question as to the increase 
that may have occurred because of the lowering of the 
water table by drainage. The lowering of the water 
table at any point begins a lowering of hydrostatic 
pressures in all three dimensions that gradually extends 
farther and farther from the initial point and causes 
flow from more remote localities. As the water coming . 
into the drained area moves from more and more distnnt 
localities, the gradient under which it moves decreases. 
Hence, with the lowering of the water table in the valley 
by drainage, the quantity of ground-water inflow from 
the mesas must have been increased by withdrawal of 
ground water from storage, e.nd then gradually decreased 

.. from .. ~he :riaiimum. -Ev~ntually, . i :::iew epuiiibrium 
will be approximately established. · · · 

It is obvious that the construction of drains in the 
Rio Grande Valley has not added new sources of ground 
water to the bordering highlands. The lowering of the 
water table in the ve.lley may cause the diversion of 
some water which formerly percolated underground 
to some point of discharge other than the Rio Grande. 
However, in much of the Middle Valley there is no other 
possible outlet, and when a new equilibrium is estab
lished there will be little if any more ilow of ground 
water to the valley than there wu under the old regimen. 

How will the flow to the valley and hence to the 
drains vary during the period before equilibrium is 
attained and water is being withdrawn from storage 
in the mesas? An approximate answer to this question 
can be drawn from the mathematics of heat conduction 
in solids. Darcy's law for ground water is formally 
the same as that describing the flow of heat in solids. 
In heat conduction the factors necessary for the 
quutita.tive solution of a problem a.re the temperature 
gradient, the thermal conductivity of the medium and 
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its specific heat. These are analagous respectively 
in the theory of ground-water movement to pressure 
gradient, trrmsmissibility, and specific yield. He~~. 
the analogs to many problems in groi.m.d-"-Tater hydrol
ogy have already been solved in the theory of heat 
conduction. One is the problem considered here. 

If the water table a.t the edge of the valley is rapidly 
lowered by the construction of an interior drain, causing 
additional flow from the broad mesa bounding the 
valley, we have the same type of condition as when the 
temperature of the edge of a broad plate at a preYiously 
uniform tempera. ture is sudden1y lowered e. fixed amount, 
except for minor differences in tran.sm.issibility produced 
by lowering of the wate,r table. In the type problem 
it is assumed that the plate is infurite in width, thnt 
its initial temperature was eo and that the edge of the 
plate is brought to a temperature of 0. Under these 
conditions the rate of flow of beat to the edge is 8 

in which 

Jl',- Keo 
O - k,l;t 

W0=rate of flow of heat to the edge. 

K=coefficient of thermal conducth-ity. 

9o=initieJ temperature of plate. 

k= /K 
"V cp 

cp=specific heat per unit volume. 

t=time measured from beginning of with
drawal of heat. 

This may be integrated to giYe the amount of heat, 
M, passing the edge in any internil of tirr.e. 

•) l{{J 

M = h .J; ( -./r;- ,'ti) 

in which t, and 12 are the tin·.es nt the beginning and 
end of the interral. 

This equation can be transposed to the realm of 
ground-water hydrology by the introduction of dirnen
siona]_ constants, giving 

Q=0.955 Vo "'ST (-/i;-lii) 
in which 

Q=acre-feet of v;ater contributed per mile. 

l"o=IW'.ount of lowering of the water table at the 
drain, in feet. 

S=specific yield of rr.aterial. 

T=coefficient of tn.nsmissibiHty. ----
• JDEenoll, L. R., lmd Zobel, 0. J., Introduction to the mathelnat!cal theory of 

beat cOllducUon, p. 'Ii, Ginn & Co., JU13. 

Rio Grande Joi-rn Inv. 

ti, f2= begj.mri.ng and end of time interval, me.a~ 
Ul Je2ir.S1 _since water table was lowered. 

The form oi ihm equation is a.t p.HSeni .more im.
ponmt than ifs 1:uitbmetfoal solnt.IDn, as the sew 
factors involved a.re not well enough known to give 
aoourat..e solution. Time enters as the difference of the 
square roots of the limits of the interval under con
sideration. This means that insofar as the conditions 
of nature approximate the ideal conditions a.ssum.ed in 
the matherr..atical analysis, equal quantities oi water 
were or will be withdrawn from storage under the w.esas 
in the :first year after the construction of the drains, in 
the next three years, in the next 5 years after that, 
7 yea.rs, 9 years, and so on. In other words the excess 
rate of inflow from the mesns (over the nonr.al rate) 
should vary inYersely as the square root of the tur.e 
since the drains were constructed. 

If it were assumed that the water table has been 
lowered 4 feet at the drains near the reesas1 that the 
coefficient of transn:"..issibility of the xr.esas is the sair.e 
as that indicated for the part of the valley traversed 
by the Barr interior drains, that is, 50,000-an asswr.p
tion that may be quite erroneous-and thnt the specific 
yield is 10 percent, then the ground-water flow fron1 
the mesas in the si."(th year niter the construction of · 
the drains would be 58 acre-feet per linen.I rr.ile or 
valley boundary per year greater than before the con
struction of the drains. The increase of Bow of the 
drains near the hillsides would be somewhat less tho-
0. l second-foot per n:ile. It is emphasized that I 
aboYe treatment is a theoretical treatment and tht.. 
quantitative statements made in it are not to be con
sidered absolute statell'.ents of actual conditions in the 
valley but are to be used as indications of quantities 
lllld behavior to be ex~ected. 

Ground· Water From Other Sources 

In most areas of t.he middle ,alley, seepage from 
irrigated fonds is doubtless the m.ai.n source of supply 
of ground water. This is indicated by the pronounced 
drop in ground-water levels in irrigated districts from 
July, when there was heavy irrigation, to October, 
when irrigation had decreased although the canals were 
still operating. This trend is opposite to that occur
ring in unirrigated areas of natural vegetation. Table 
2, page 274, gives the change in average ground-water 
level between Ju]y and October 1936. The Socorro, San 
Antonio, and Bosque del Apache areas represent areas 
of little irrigation i the other areas are more or less 
heavily irrigated. 

In the section of this report on the area.I description 
of the recharge, movement, and discharge of the ground 
water (pp. 28&-289), different localities are pointed out 
where there is evidence of ground wa.ter derived from 
the river. Other localities are diseussed where thr 
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Ground Waler &sO'I.IJ"CU 

presence of canals bordering the riverside drain makes 
it doubtful whether the nver or the canal is the source 
.... ( the water which is moving from their vicinity. 

· "".'illy it may be said that the river is likely to be 
;,,urce of water on the inland side of the riverside 

drains in areas where interior drains lie within a mile 
of the rivennde drams, and that this condition is most 
prevalent in the Socorro division. 

As mentioned previously, irrigation canals are present 
in many places close to the riverside drains, and their 
location here often corresponds with that of a crest in 
the water table. Water-table divides appro:rimately 
follow the canals in a number of places in the interior 
of the valley. In some places this is probably ·due to 
more intensive irrigation near the canal, but many of 
the crests a.re probably caused by canal seepage. 

The Middle Rio Grande Valley has an average annual 
rainfall of only about 8 inches, which occurs largely in 
the growing season when there is least opportunity for 
the rain water to penetrate to the water table. There
fore, it is probable that only a small amount of the 
ground water has its origin in the local rainfall. Rain
fall does, however, have a noticeable effect in reducing 
grouna-water consumption by the vegetation, and this 
effect is manifested in the rise of the water table during 
or after relatively light summer rains. Figure 5, giving 
the fluctuation of the water table near Socorro during 
the week following August 17, 1936, shows a decided 

~ of the wa.ter table after n. rain of only 0.14 inch 
, Socorro) on August 20. Similar rise of the water 

table was observed after each shower during the period 
of operation of the recorder. It should be noted that 
these rises are not necessarily due to recharge by the 
shower: th_ey yrol?abJy indicate ~hiefly .'l diminished 
iraft·",1n :he grouna-~~atir suppiy'jy ~he 7e.getat1on-u 
substitution of rainfall for ground-water use. 

Sovee of Water in Riverside and Interior Drains 

Several lines of evidence show that the moin source 
of water in the riverside drains is the river. The aver
age aceretion to the riverside drains is greater than 
that to the interior drains. The fl.ow of the riverside 
drains follows the fluctuations in the flow of the river. 
As the river rises, the ground-water head between the 
river and the riverside drain is increased, with oonse
quen t greater ground-water flow from river to drain 
andt of probably more importance, the river during its 
rises also spreads widely over its bed and thus shortens 
the distance which the water must flow underground 
between river and drain. The chemical quality of the 
water in the riverside drains is much nearer to that in 
the river than it is to that in the interior drains. 

The gradients between river and riverside drain a.re 
-uch steeper than those on the inland side of the drain. 

? gradients from the river to the riverside drains 
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are not shown on the accompanying maps even where 
there a.re data, because the contours would be too close 
to be shown on a map of this scale~ Inl1ie'Albuquerque 
divisioni wells we,e established between the riverside 
drain and the river wherever feasible. There are no 
canals near the riverside drains that might furnish seep
age to the ground water, on well lines 884.8, 894.4, 905.3 
(ea.st of the rive:r), 907 .3, 908.1, 911.2 (west of the river), 
and 911.8. On these lines the average gradient in Octo
ber between the '11t'&ter levels in the wells nearest the river 
and in the water levels in the riverside drain was 0.0105, 
and the average gradient between the water leveh :n 
the nearest inland wells and the water levels in the 
riverside drain was 0.0018. The ratio of the gradient 
from the river to that from the other side was therefore 
5.8. In January 1937, the average gradients from the 
river and from the inland side were 0.0086 and 0.0018, 
respectively, and their ratio was 4.8. Cana.ls and other 
water carriers are present near the riverside drain on 
well lines 890.8, 892.5, 896.3, 898.5, 909.6, and 911.2 
(ellSt of the river), and exert an influence on the water 
levels inland from the riverside drain. On these lines, 
the average gradient in October was 0.0111 from the 
river and only 0.0007 from the inland side, yielcfmg n 
ratio of 15.9, and in January, when the cane.ls were 
empty, the average gradient from the river was 0.0122 
and that from the other side 0.0011, yielding a ratio of 
11.1. If the flow from the two sides of the drain is 
considered proportional to these gradients, the propor
tion of the drain flow coming from the river would be 
for the first set of well lines 85 percent in October and 
82 percent in January, and for the second set, 94 per
cent in October and 92 percent iri January. The im-

, ?lica.tion 'lf .':be data now available :s ~hat in the 
_-ilbuquerque . .iivision ehe preponderant part of -.he" 
water in the riverside drains _comes from the river and 
that such aceretions a.s come from the inland side may 
be offset in part at least by losses from the rh-er to the 
interior drains. 

Similar data are not available on ground-water 
gradients in the Belen and Socorro Divisions. However, 
the ground-water conditions between the river and 
the riverside drains in these divisions are not essentially 
difi'erent from those in the Albuquerque Division; there 
is about the sa.me difference in elevation between the 
river and the riverside drains, and the intervening 
distance is on the average about the same as in the 
Albuquerque Division. Consequently, the rate of 
movement from the river to the riverside d:rain is 
probably about the same. On the whole, the water 
table in the Belen Division indicates less lateral move
ment of the ground water either from land to riverside 
drain or in the reverse direction than is indicated in 
the Albuquerque Division. Apparently the average 
accretion to the drain from the inland side _is a.bout the 
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same, or perhaps slightly larger. In the Socorro 
Division there are in. most places pronounced. gradients 
from the riverside d:ra.ins to the interior drains, and in 
this division, instea.d of accretions from the inland side 
to the riverside drains, there are probab]y losses from 

· the drains to the lmd. 
The ground•water data now available appear to 

indicate that only a small part of the wate:r in the river
side drains in the middle valley originates inland from 
the drains. On the other hand: in seve:ra] localities 
some river water appea:rs to pass under the riverside 
drain to be transpired by vegetation o:r to emerge in 
the interior drains. These quantities appear to be of 
the same o:rde:r of magnitude so that on the whole the 
discharge of the riverside drains, excluding surface 
wute into them, may :represent a.pproxima.tely the 
quantity of ground water witbdra\\'n by seepage from 
the. river, while the discharge of the interior drains 
rep:reeents wate:r derived from other sources. This 
tentative conclusion implied by the ground-water data 
should be checked against data concerning the chemical 
qualit.y of the water in river, riverside drains, and 
interior drains when available. 

Areal Deacription of Redw-ge, 
MoYement, ud. Dildw-ge of the 
Groud Water 

Albuquerque Dhiafon • 

The present irrigating system of the Middle Rio 
Grande Conservancy District follows preexisting ditches 
in many areas. Some confusion in. nomenclature of 
the various types of ditch results from the retention of 
the old name6. The common Spanish ne.m.e for a 
di tel., -'.a.rgeiy ~:egardless oi · uze :s , icequie.. · °?9e.tures 
still called acequia.s may take thei:r water from· the 
river, canals, or laterals. In turn, they may feed 
laterals or othe:r acequias. In the following discussion, 
when referring to a specific structure the terms a:re 
used as used on the accompanying maps of the valley. 

From well line 877 to 886.9 the water table slopes 
from the edge of the mesa to the river l!Jl.d indicates an 
accretion to the river from the arroyos and mesa slope 
and to some extent by seepage from the Bernalillo and 
A1godonl'J8 acequias. The importance of seepage. from 
the e.cequias as a source for the ground water is unde
termined at present. The aeequias are on high ground 
and the water table is 80 deep that it was found impos
sible to determine the gradients of the water table east 
of the e.cequiu with the equipment at hand. When 
measurements of water levels during the winter months 
when the ea.uJs are dry a.re available, it may be poesible 
to estimate the rel&tive importance of the contribution 
by the acequiu. The measurements for December.1936 

and January 1937 suggest that the acequias have c, 
siderable .im~ m t.hat the w&ta-table gradient5 
near them, on the whole, decreased somewhat after t'l-
a.cquias were closed. · 

The Bernalillo (interior} drain begins near well h... 
886.9. It is a short drain and empties into the Berna
lillo riverside drain just below weD line 888.5. It 
apparently intercepts most of the ground-water :flow 
from the east and also receives some accretion from the 
river. Below the turn of the dram near line 888.5, 
where it begins its course lateraDy across the valley, 
the drain has been usually overfull during the period of 
:readings and has apparently been feeding the ground 
water in this section. This feature is quite pronounced 
on plate 1, prepared from October measurements. The 
causM for this condition appear to be too low a gradient 
of the drain at this point B.Dd the presence of a large 
bosque area.. Transpiration has apparently lowered 
the ground-water level here oonside:re.bly below its 
normal position. The anomaly in elevation between 
water level in the drain and in the wells to the north 
became less in months succeeding October. For about 
2 miles south of line 888.5 ground water appeara- to be 
flowing into the interior of the flood plain from both mesa 
side and rive:r despite the presence of the Albuquerque 
main canal near the middle of the area. This appears 
to be due to the a.bstraction of ground water near the 
middle of the valley by the lower part of the BernuJillo 
drain and by the bosque area to the north. 

In the Coralles area, west of the river, extendi.. 
from well lines 890.8 to 894.4, a.round which the river 
makes a loop, the ground water by-passes some of the 
river water from one end of the loop to the other. 
Water 'lp~arently ~nters t,he ~round ~rom +,he river 
roove :ine 390.3, anhougn .seepage' from the ·c.:1ralles 
main canal must oppose its Bow, swings westwa.rd to 
the edge of the valley and :returns a.gain to the river 
in the lower pa.rt of the area. 

East of the river, in the area between lines 894.4 
and 896.3, the Alameda drain picks up a small amount 
of flow from the areas to the east and to the west. 
Apparently the major part of the ground water between 
it and the Albuquerque riverside drain passes into the 
latter drain. The Los Griegos drain heads just south 
of line 896 .3 about one-fourth of a mile east of the 
riverside drain. It remains within less than a mile 
of the rive:r to its junction with the A.la.med.a drain 
south of line 899.8. Throughout this distance it 

. apparently :receives a.ceretions from the river, as the 
slope of the wa.ter table on line 898.5 is from the river• 
side drain past the acequias. The area between the 
Alameda and Los Griegos drains is drained in a normal 
fashion to both sides. Judging by the low lateral 
gradients there appears to be only a small amount of 
inflow from the direction of the mesa to the drai 
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Frr ,ae junction of Los Griegos with the Alameda. 
,) the junction of the Alameda with the riverside 
.outh of line 901.5, the Alameda. drain a.pparen tty 

" • .,., i,.ome meremen t. from th& river. 
1'he ~ in the c:i~y of Albuquerque wu mot aurv~yed. 

Because of the many utifici.al eonditiom in the city, 
including paving over a large area, sewers, pumping 
ple.nts, and irrigation of lawns; the water table is 
abnormally distorted and is not typical of the area in 
general. The water table in most places in the city 
is deep and the expense of maintaining a system of 
deeper wells was not considered warranted. 

The Barr district is a narrow strip of valley bottom 
on the east side of the river extending from Albuquer
que to Islet.a. Considerable water moves into this 
area from the direction of the mesa. This water is 
discharged into the riverside drain in port.ions of the 
area where there are no interior drains hut is intercepted 
by the interior drains where present. As the Barr 
Ca.nal lies to the east of the observation wells, it as well 
as ground water from the mesa may be the source of 
this water. Apparently it is the source of some of the 
water, for on well lines 909.6 e.nd 910.2 the water table 
in the wells nearest the canal fell more than in neighbor
ing wells in the period from November 1936 to January 
1937, in the later part of which period the ca.nals were 
dry. On the other hand, the reverse tendency was 
,.1.~wn on line 906.1, where the water levels in the 

near the Barr Canal and the &n Jose lateral fell 
than in neighboring wells. A decision as to the 

ma.in source of the water must be deferred until a sys
tematic study of the fluctuations in water level near 
the mesas and high canals between irrigation and non
~ation ;iea.so~s ~an )e :nade. mci ·mtil .ee-page.:osses 
.in ihe ea.n&is a.re determined. The .Barr riverside 
drain is apparently effective in draining the land through
out' its length and there appears to be no accretion 
from the river to the cultivated area. 

The area between Albuquerque and Islet.a on the 
west side of the river is called the Isleta-Atrisco district. 
The Islet.a interior drain includes a short section of 
riverside drain at its head opposite Albuquerque. There 
appears to be some movement from the river above line 
902.7, but inasmuch as the area is heavily irrigated, 
seepage water from irrigation may be the source of most 
of the water moving into the upper end of the interior 
drain. Tlie Armijo drain heads south of line 903.2 and 
swings directly west to empty into the Islet.a drain south 
of line 005.3. The distance between these two drains 
increuee sout.bwvd. As a result much of the water 
normally flowing l!IOUth ii diverted to the drains near 
the head of t.be Armijo and u a consequence less water 
continues south and the slope of the water table de
<'~ "'8. North of the westward flowing portion of the 

the slope of the water table increases and south 
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of it the slope decreases as a consequence of the a.ction 
of the drain. The Los Pe.dillas drain heeds- near line 
i,07.3 and J'llD8 south to join the Islet& drain between 
lines 911.2 and 912.5. Because of its nearness to the 
river. the water table gradually swings towari! · t and 
away from the river. ln this area some water :i+: ,.rently 
moves from the riverside drain to the Los Padilla:; drain, 
the amount increasing toward the mouth of the Atrisco 
riverside drain just south of line 912.5. 

Belen Dhil!don 10 

The Belen division includes the widest part of the 
Middle Rio Grande Valley and in many places it 
includes land on both sides of the river. In general, 
the water t.able lies at somewhat less slope and is less 
mstorted from a general southerly slope than in the 
other divisions, and there is Jess slope from the riverside 
drains to the interior drains. 

The Peralta-Tome area lies on the east side of the 
river and extends from Islets. to a point opposite 
Belen, a distance of about 11 miles. The valley ex
pands rapidly just below Isleta. The water table 
shows that the river is feeding the ground water for a 
distance of about 2 miles, probably as e. result of the 
deficiency of the normal ground-water flow from the 
north where it is cut off by the bills at Isleta. 

The Otero drain heads at the southern boundary of 
the Islet.a Pueblo Grant, near well line 917 .8. The crest 
of the water table roughly follows the Otero lateral, and 
this cane.I probably is the source of much of the water 
moving to the drain. The Otero dre.in and the Tome 
drain diverge southward between lines 917 .8 and 920.5, 
and apparently as a consequence the gradient of the 
water '..able .J.nd :he, 7~locit, .of. -.;be . O'rG'\lnci :water · · 

~ -~ . 

decrease. There is inflow of water from the east 
throughout this distance, either ground.water seepage 
from the mesa or seepage from the Chical lateral on 
the hillside. Hell Canyon opens on to the flood plain 
of the river at Chieal and considerable ground water is 
probably coming from this arroyo. 

South of line 925.4, Tome Butte juts out into the 
flood plain of the river and decreases the width of the 
valley east of the river to about one-half of that above. 
Between line 920.5 and this locality the ground water 
apparently receives a.ecretions from the river which are 
small compared with accretions from irrigation and 
canal seepage. ¥ the ground water approaches Tome 
Butte in its general movement down the valley, much 
of it percolates into the Tome d,rain, which here swings 
westward a.round the butte. The crest of the water 
table from line 925.4 to line 930.2 follows canals and 
laterals and apparently shows seepage from them. 
From this point to the southern end of the area the 
ground water has a component of flow toward the river 

1t8eepL 7. 
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in part caused by seepage from the canal on the hillsidt. 
and in part by the constri.etion of the 'VdJey in the 
downstream direction. 

On the west side of the river, the area from Isleta to 
Belen is interlaced '11\--ith canals. Seepage from one or 
another of the canals could cause any of the effects 
observed in the irregularities in the water table. In 
general in this area the ground water flows towud the 
river where there are no intermediate interior drains 
and away from it where there are. .Apparently the 
water table is held high by seepage from the Belen 
high line canal as the vaHey begins to widen below 
well line 919.1 1 and by seepage from the Huning lateral 
above Los Lunns. Motion is toward tlie riverside 
drain between Los Lunas and the head of the Los 
Ch1n•es drain. South of this point to well line 925.3 
the ground water in general mo.es toward the interior 
drain, apparently little influenced bY._ intervening cane.ls. 
Farther south, to the mouth of the d:rnin near Belen, 
the crest of the water table follows canal lines, and the 
ground water moves from the land to the riverside 
drain as well as to the interior drains, indicating loss of 
water from the canals and irrigated land to the drains. 
There is apparently considerable movemeut from the 
edge of the valley into the drains. The presence of 
the Belen high line cannl on the edge of the mesa 
makes it probable that much of this water is derived 
by seepage from it. From Belen south to the lower 
end of the Sabinal riverside drain, nenr Sabinal, 
ee.nal seepage and irrigation water furnish ground 
water that percolates both to the riverside and interior 
drains. 

A narrow strip of land on the west side of the river 
between Sabinal and .Abevtas is undrained. The 
,eant, ?.ont.rol · :or -vater-;;aole devat1ons ·:..u:dicate 
that there is little laternl slope of the water table in the 
area, n condition which apparently existed in most of 
the middle Rio Grande Valley before drainage (see 
p. 2891 and fig. 66). 

The area. between .Abeytas and the Rio Puerco is 
poorly drained. Bernardo Lake is maintained at a 
high level and distorts the water table in its vicinity. 
There is practically no gradient of the water table from 
United States Highway 60 south to the Rio Puerco. 

The San Juan-Las Nutrias area lies east of the river, 
about opposite the .Abeyta.s-Puerco area on the west. 
At the upper end of this area the ·ground water is 
draining west to the .river, probably because of seepage 
from the San Juan anoyo. Throughout most of the 
remainder of the e.rea ground water moves from the 
river into the interior drain. On lines 944.6 and 945.3 
the ground-water level near the riverside drain is 
higher than in the interior area despite the presence of 
canals and wasteways in the interior. 

Rio Gran~ Joint In, 

Socorro Division 11 

The Socorro dirision of"~~fiddJe Rio Gran.;. 
Conservancy Distrfot comprises a. narrow strip r 
Oll tha WABt .,i.d,,. of the river het....,.o.e:n il,o oonetric 

the valley at San Acacia and the north line of the Bosyue 
del Apache grant, where drainage structures end except 
for a prolongation of the San .Antonio riverside drain 
downstream in order to obtain sufficient faU. 

Because of the narrowness of the valley area in this 
division, the ground water moves from both sides to 
the interior drains under considerable gradient. 
Throughout the area canals and laterals border the 
riverside drains so that it is impossible to tell in most 
p!aces whether the source of the water is seepage from 
the ri,:er or from these cannls. In nddition certain 
anomalous ground-water conditions exist due to dis
turbances in the drain flow. 

In the upper part of the division in the area drained 
by the San Acacia drain, the water-table gradients 
are much flatter than ordinarily found in this division, 
presumably because of the interception of ground 
water coming from the north by the westward-flowing 
upper portion of this drain. Below the mouth of this 
drain the southerly gradient of the water table increases. 
The upper portion of the Pokadera drain causes a 
pronounced diversion of water from the direction of 
the river to it. The lower portion of the drain, south 
of about line 969.1, was ineffective as a drain at ·• " 
time of observation, and the water level in the 
stood higher than the adjacent water table, • _. 
sumably as a result of dogging of the drain at a culvert 
at the bend of the drain. From this point to the con
striction of the valley at the Pueblitos crossing, flow 
from +,he direction of the ,:-iver •.award :he ~esa ~s 

- • inwcrite«:!, with canal. set:!page or .irrigation ~ear the 
ca.n.nls causing crests in the water. table. 

The Luis Lopez drain C begins just below the 
Pueblitos constriction within seYernl hundred feet of 
the river. Relafrrely rapid fl.ow of ground water int-0 
the drain from both sides is indicated by the steep 
slope of the water table. A portion of this water is 
probably derived from the river. The lower portion 
of this drain is also ineffectiYe and' was feeding the 
ground water at the time of obsernt.ion. . 

Between the mouth of the Luis Lopez drain A and 
the head of the short Luis Lopez drain B, the ground 
water tends to resume its general southerly course. 
The water is deflected toward drain B throughout its 
course and the movement toward drain B is strength
ened by the chedring of the Socorro riverside drain at 

· its mouth to feed the Socorro main canal. 
The Luis Lopez drain C which begins ju.st south of 

well line 982, deflects the ground water to it in its 

•Pee pl. 8. 
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up;·,T course but in its lower course, near line 986.2, 
,'ntly, like most of the other interior drains of 

ision, is overfull and has little effect as a drain. 
, 0m the mouth of the Luis Lopez dra.i..n C to the 

.J of the Socorro Division, at line 990.S, the ground 
water moves in general down the valley and has little 
transverse movement. 

&sque del A.pad1.e GJ'Ut " 

The Bosque del Apache Grant is not in the Middle 
Rio Grande Conservancy District. It is undrained and 
practically u.nirrigated. It therefore furnishes types of 
ground-water phenomena. which were presumably more 
or less characteristic of the whole valley before drainage. 

The difference between the character of the water 
table, and hence the ground.water flow, in this area 
and in the developed area of the conservoncy district 
is significant. The water table slopes rather uniformly 
southward and shows comparatively few irregularities, 
indicating that lateral flow of the ground water is 
small. The ground-water contours approach the river . 
nearly at right angles, except near the mouth of the 
San .Antonio riverside drnin, where they are deflected 
by the adjustment of the water table between the 
grade of the drain above and that of the river below. 

Considering the size of the area in which transpirn
tion takes place, greater lateral gradients might be 
expected even in October when the readings represented 

the map were made. Moreover, the lateral gra
jts on lines 994.1 and 995.1 on the last of June 

were not much greater than they were in October. 
This condition is probably due to the overflow of 
surface water. The Socorro main canal and the San 
Antonio riverside drain both contribute water ~o this 

. '?' . • . ' . . • . 
.· -1.tea. . -:'be ,,.·a,;er ::-1.ms 3omnwafo. J..1io .3preaas Jut :.r1 
ponds. This surface water no doubt furnishes much 
of the water used by the vegetation and keeps the 
water table built up in the center of ·the tract. 

Grmmd· Water Conditions Before 
Comitruetion of Drains 

Prevfou Ground-Water bvestla:ations 

It was hoped at the beginning of this investigation 
that a detailed comparison could be made of ground· 
water conditions before and after the drainage develop
ments were made in the Middle Rio Grande V a.lley. 
This hope has not been realized, but certain compnri- . 
sons and contrasts co.n be made. Two comprehensive 
ground-water investigations had been made in the 
Middle Valley prior to the present one. In the period 
from 1918 to 1922t a.bout 1,100 observation wells 
were installed by the State engineer of New Mexico, 
the New Mexico College of Agriculture, the United 
R.fitf,es Bureau of Agricultural Engineering, and several 
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of the drainage districts. Water-level measurements 
in over 900 of these wells were made monthly or 
oftener. A bulletin based on theRe--studies was fa ier 
publiS:h<>•i by Bloodgccd.1

~ Ths base data gu.Liwred 
during this investigation were never published but 
were kindly me.de available for the present study by 
Mr. Bloodgood, and by Prof. Fabian Garcia, director 
of the New Mexico .Agricultural Experiment Station. 
The second investigation of ground-w!l.t.er levels wa~ 
made in connection with the study preliminary to the 
installation of the :Middle Rio Grande Conservancy 
District project. The results of this im·estigation were 
published by Donnell. 121> The base data of this investi
gation were not available for the present iuvcstigotion. 

Direct comparison of the dato. from the Bloodgood 
investigation with those of the present investigation 
was in general impossible because of uncertainty as to 
the locations of the old wclls 1 a.s there were no accurate 
maps of the valley prior to 1935 and most of the wells 
could not be located in the field because the old casings 
and markings bad disappeared. As the water table 
sloped approximately 5 feet to the mile down the valley, 
a north or south displacement of the wells on the mnp to 
the extent of 1,000 feet from their true position in the 
field could cause an error in the indicated position of 
the water table of about 1 foot. Such an error would 
significantly affect the indicated lateral slope of the 
water table. 

In a few areas enough of the old wells were found to 
give key localities for locating the remainder. One of 
the areas which was best covered with wells in the l 918-
22 investigation was that between Albuquerque and 
Alameda. Figure 66 shows a map of the water table 
;n >,his ~ea ".:>a.s.ed ·1n ·J1e 1.mpublisneci data Ji-3Ioodgooci. 
The mean altitude of the water table through the period 
of record was used in making this map. 

Seepaae From the River 
Previous to Drainace 

Figure 66 shows that previous to the installation of 
the drainage system, the ground-water contours in the 
area between Albuql:lerque and .Alameda were nearly 
at right angles to the river, which indicates that in this 
area there we.s very little movement of ground water 
either into or out of the river during the period 1918-
22. If this condition is typico.l of the valley it in
dicateis that the amount of ground-water seepage from 
the river was small. Rough contour maps of the Belen 
and Albuquerque divisions for months showing high 
n.nd low ground-water stages in the period 1918-22, 
plotted according to locations on the old maps, indi
c&te fl.at latera.J gr&dients. The undra.ined Bosque 

11o Bloodlood, D. W., The g:rOWJd w&&er or Middle llio Cll"ll.llde Valley ·ud Its 
l'lllatlon to dr&Jwice; A.er. Exper. Sta., New Mwco Coll. Argi.culture, Bull. 184, 1930. 

1111 DollDOll, p. S., Report oo grow:ad-wll&er datamlnallon: Middle Rio Grande 
Come:vmey DIIU'lct Official Plan, Exhibit R-3, 1928. 
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NOTE: OOT$ REPRESENT WELLS 114 WH!Ct-1 
ALTITIJOE. OF WATE.1' 'U.81..E WAS 

DETEIUIINED 

ALBUQUERQUE 
I 

' • • , 
t 

I • 
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Ground ff'aur Ruourcu 

del Apache Grant shows the same low lateral gradients 
: : . Bloodgood 13 gives typical ground-water pro-

;~cross the valley. The average gradient near the 
.~r as scaled from these diagroms is about 0.0006 in 

.emalillo County, based on nine profiles; a.bout the 
same in V alenci:a Olunty, baiae.d om eight profiles; and 
a.bout the same m Socorro County I based on the two 
profiles within the area covered by the present investi
gation. Some of the gradients .represented in these 
profiles are known to be too because large wells near the 
river are north of the others used in constructing the pro
files butsucherrorsareprobably balanced by thedisplace
me~t southward of wells near the riveron other lines. 

If the coefficient of transmissibility were 50,000, as 
was tentatively estimated for the Barr district (p. 281), 
and if 0.0006 were e.ssumed as the average gradient of 
the water table near the river before drainage was 
begun, a seepage loss from the river of a.bout one
fourth second-foot per mile would be indicated. If the 
length of the valley between Pen& Blanca and San 
Marcial is ta.ken as 150 miles, the total seepage from 
the river on both sides before drainage was begun would 
have bet>n 50,000 acre-feet a. year. 

Seepage from the M eaas 
Pre\·101111 to Drainage 

Although a final opinion should await additional data, 
s. tentative opinion as to the amount of ground-water 

flow from the borders of the valley previous to dra.in
e can also be formed. Figure 66 indicates that in 

parts of this a.rea where relatively good data are avail
able, the ground-water contours approach the mesa...:; 
only slightly deflected from perpendicularity I and such 
deflection as there is indicates in some ~laces movement 

- ·,0warci :he mesas.· There is· ~hereiore :'.ittie eV1dence Ji 
movement from the mesas to the flood plain in this 
area. The contours in the Bosque del Apache area also 
approach the mesas near to perpendicularity, ~d little 
fiow is indicated in this area where control is good. 
Averages of the water-table gradients from the mesa to 
the flood plain as shown on the profiles drawn by Bl?od
good Ha.re 0.0008 in Bernalillo County _on the b&S1s of 
eight profiles, 0.0003 in Valencia. County, on the basis 
of seven profiles; and 0.0014 in Socorro County on the 
basis of two profiles. The general average is 0.00065. 
This general average gradient indicated is about the 
S&m.e as that from the river. Therefore, if the same 
tram•roissibility were usumed, the contribution of 
ground water from the mesas would have been a.bout 
50 000 acre-feet a year in the 150 miles between Pena 
Bl:Wca and San Marcial. This figure might be increased 
somewhat to take into consideration concentrated flow 
neat the debouchu:res of arroyos, on which data. are 

,.. Bloodaood, D. W ., op. c:lt., pp. 21, ~ 211, 31, 38, 4G. U. ti, 411, IUld 51. 
am. 
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scarce and other unknown factors but it does not seem 
that ;n the above assumptions The inftow could have 
much exeef!ded 100,000 acre-feet a. year. This last ng
w·e represents a contribution of about 0.5 second-foot 
per mile of valley border or H.hm.it I second-foot per 
lineal mile of valley. 

On pages 282-284, it is shown that the data now 
available on drain flows during winter perioris suggest 
al.so that the ground-water flow from the mesas may 
be about l second-foot per line&.! mile of valley. How
ever, both sets of figures are subject to considerable 
revision as more data. become available. 

Seepage From Irrigation and Floods 

If the foregoing estimates of river and mesa. seepage 
are approximately correct, the much larger apparent 
loss of water from the river in this section must have 
been due la.rgely to other causes, and there must have 
been other and more important sources of water to 
support the transpiration of the native vegetation. 
Losses from the river other than by seepage were by 
diversion for irrigation, spreading of the water and 
consequent infiltration during floods, and evaporation 
from the river channel, which was probably greater 
than now because of the present lowering of the water 
table between the levees. The first two of these pro
cesses made contributions to the ground-water supply 
in the valley and the spreading of flood water also fur
nished soil moisture that fed the native vegetation 
without reaching the water table. Diversion for irri
gation was probably by far most important. There is 
apparently no good way of determining what former 
diversions were, but if the estimates here arrived at for 

. -~ound .. water :fow .lJ'e of ·~or:rect ,ienerui :nagnitude, the 
use oi water on the land under cultivation was pre
sumably large. The irrigators were doubtless con
strained to irrigate when there was sufficient water in 
the river and it would seem that they probably used 
quantiti~ larger than necessary at such times in. t~e 
hope of tiding over water shortages to come. This 1s 
somewhat the same principle as is used today in the 
"sub bing" in the San Luis Valley. The water supporting 
the transpiration of native vegetation was probably 
derived largely from excess of water used for irrigation. 

It was shown in the report by Bloodgood 11 the. t in 
the period covered by his investigation there was a 
direct relationship between variations in river surface 
levels and the fluctuation of the ground-water table. 
Prior to the construction of the El Vado Dam and per
manent diversion structures in the valley, irrigation 
was largely dependent upon the stage of the river. 
Hence, the correlation noted was at least partly due to 
the agency of inige.tion. 

.- Op. dt., pp. s-«l. 
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P.ART III 

SECTION 1.-INTRODUCTION 

This is a report by the Bureau of .Agricultural Engineering, made in compliance with the terms of 
its memorandum of agreement with the National Resources Committee, approved February 28, 1936. 
Therein the Bureau was clw..rged "'ith the principal duties of ascertaining the consumptive use of water 
in the major divisions of Rio G:rande Basin above Fort Quitman, Tex., mapping the areas, and ta.hula.t
ing statistics of the lands in ngricu1tural crops lllld wa.ter-conswning native vegetation and other 
areas using water in appreciable quantities. The report deals with these matters in two principal 
chapters which are preceded by such other discussions as a.re necessary to make it cover all the 
subjects specified in the agreement and provide a setting against which the two essential discussions 
will stand out clearly. 

Synopsis 

By the terms of an agreement \Vith the National 
Resources Committee, approved February 28, 1936, 
the Bureau of Agricultural Engineering was charged 
with the two principal duties (among several, all of 
which a.re described in detail in this report) of ascer
taining the consumptive use of water in the major 
divisions of Rio Grande Ba.sin a.hove Fort Quitman, 
Tex., and mapping and tabulating the areas in agri
cultural crops and water-consuming native vegetation. 
This report relates the results of the bureau's under
takings in discharge of these obligations. 

Involved in the studies was a portion of Rio Grande's 
length totaling some 700 miles. A wff erence w alti
tudes of nearly 6,000 feet was also involved. So long 
a stretch and so vd.de e. difference in elevations were 
marked by ma.nv variations of climate and soils and 

· by ,~rie di..ff e'ten·c~s · .lnu ·si11its in acreages arid· :ililds 
of crops. 

The waters of Rio" Grande above Fort Quitman are 
largely consumed by native vegetation and irrigated 
crops in Colorado, New Mexico, Texas, and Mexico. 
In the usual year only a small portion of the total 
water production of the Rio Grande Basin above Fort 
Quitman escapes from it unconsumed, and that small 
part consists mostly of unusable return flow and 
flood-peak flows originating below Elephant Butte 
Reservoir. 

There is considerable variability in the estimates 
ma.de previously by engineers and others for unit valu83 
of consumptive use in the three major valleys of the 
basin. This variability is not extraordinary. It is 
difficult to make precise estimates because there are so 
many factors influencing the consumptive use. How
ever, eome variability in estimates is attributable to 
lack of specific definitions. 

200 

Most estimates for San Luis Valley are in reality 
estimates of stream-How depletion rather than of con
sumptive use as defined by the Bureau of Agricultural 
Engineering to include annual precipitation and draft 
on ground-water supplies. 

Not all the estimates by enginee~, of use of water in 
Mesilla Valley are strictly comparable v;ith each other. 
Some include the entire Rio Grande project, while 
others a.re concerned specmcaJly and a.lone with the 
Mesilla Valley portion of the project. Experiments on 
the use of water on crops in Mesilla Valley have also 
been conducted by the New Mexico Agricu' 1 

Experiment Station and the Bureau t,f Agric1.. 
Engineering for many years, and the results of tu1::se 
experiments likev.ise differ between themselves and 
with estimates of other investigators. 

As defined by the Bureau of Agriculturo.l Engineerin~. 
. ·in J. ·jasic .,ense ~onsumpti".e :rse is ·'r.he sum oi ~be ~

volumes of wo.ter used by the vegetative growth of a 
given area in transpiration or building of plant tissue 
a..nd that evaporated from adjacent soil, snow, or 
intercepted precipitation on the area in any specified 
time." 

As applied to the UpP.6r Rio Grande Basin problem, 
valley consumptive use is considered equal to the 
amount of water that flows into a valley (or tract) 
during a 12-month year plus the yearly precipitation 
on the valley floor (or tract) plus the water in ground 
storage at the begjnning of the year minus the amount 
of water in ground storage at the end of the year minus 
the yearly outflow; all amounts measured in acre-feet. 
The unit consumptive use of water per a.ere oi irrigated 
land is equal to the consumptive use in acre-feet 
divided by irrigated area; and the unit consumptive 
use per acre of entire valley (or tract) is equal to the 
consumptive use in a.cre-f eet divided by entire valley 
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(or tract) area. The unit use is expressed in acre-feet 
}'ff acre or depth in feet. 

·rne Bureau does not have available sufficient exper
ucntal data relative to rates of evaporation from 
Jils following rains in the Upper Rio Grande Basin to 

constitute a. basis for estimating the e:ff ectiveness of 
the rainfall. Tb.erefore ell the aru:iual precipitation 
has been designated as a part of the consumptive use, 
it being recognized, however, that knowledge of the 
amount of stream-flow depletion (heretofore designated 
consumptive use by some writers) is of vital practical 
importance in the solution of Rio Grande water-use 
problems. 

The amount of water which annually flows into a 
valley, or onto a particular land area, minus the 
amount which flows out of the vaJ.ley or off the partic
ular land area, is designated stream-flow depletion, 
and in a developed area is usually less than the con
sumptive use. 

The consumptive use of water studies conducted by 
the Bureau of Agricultural Engineering in San Luis 
Valley, Middle Rio Grande Valley, and Mesilla Valley 
in 1936 may be considered as having t"i"r'O parts: First, 
analysis of available hyd.rologic data as a basis of 
determining consumptive use of water on large repre
sentative tracts or areas, these including past records 
and the results of field work during 1936; and, second, 
evapo-transpiration and evaporation measurements by 
1eans of tanks, and soil moisture studies, involving 
,th native vegetation and irrigated crops. 
Unfortunately funds to start the 1936 investigation 

were not available until April, and many of the field 
studies could not be gotten fully under way until the 
latter '!)art of May. Thus in addition to being of .. . . . . ~ . . . - . . 

· llllltea ,:ign....Jllcance oecuuse ·)l l'epresenung oniy J- • 

single year, the 1936 results, especially those obtained 
from the ta.Dk and soil moisture studies1 are properly 
subject to criticism because they are not completely 
representative even to that extent. Though their 
present applicability is thus restricted, they are here 
recorded to permit comparison and use with such other 
similar data as are now available or may later be 
accumulated. Further field studies throughout the 
basin, but especially in the Middle Valley, 11Dd extend
ing over a much longer period, are needed. 

The inftow..outflow method and the integration 
method were found to be the most satisfactory for 
estimating consumptive use of water for large areas. 

The inflow-outflow method is probably the most 
reliahle method to apply in San Luis Valley and Mesilla 
Valley. Conditions a.re less favorable for its use in the 
Middle Rio Grande Valley. However1 the integration 
method will produce satisfactory results, if based upon 
~ueful estimates of unit consumptive use by the prin-
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cipal agricultural crops and native vegetation, and 
'upon an accurate land cle.ssificajon. 

Reliable data for determining useol'-water by the 
inflow-outflow method for a period of years were B'\"ail
able only in part of San Luis Valley and in Mesilla 
Valley. The annual consumptive use determined by 
this method in the southwest area in San Luis Valley 
for the period 1925 to 1936 inclusive averaged 1.66 
acre-feet per acre for the entire tract of 400,000 acres. 
In the Mesilla Valley it averaged 2.73 acre-feet per 
acre for the 18-year period 1919 to 1936. In the IsJeta
Belen area, Middle Rio Grande Valley, less dependable 
do.ta. indicated a consumptive use of 2.7 acre-feet per 
acre for 1936. 

Since de.ta for determining consumptiYe use by the 
inflow-outflow method are obtainable only in certain 
areas of the Upper Rio Grande Ba.sin, it is believed that 
with the date. available, the integration method offers 
the best (or most feasible) means of estimating the 
present consumptive use requirements for the major 
subdivisions of the basin. However, the estimates pre
sented in this report must be regarded e.s qualified by 
the following considerations: (1) 1vlaps showing the 
vegetative cover and groundwater contours were not 
available when the estimates were made, nor were com
plete stream-flow analyses at hand ; (2) final considera
tion had not then been given the results of the salinity 
studies by the Bureau of Plant Industry1 which had as 
one important purpose the determination of the effects 
of saline water on irrigation requirements, a.nd the ex
tent to whfoh it will be necessary, in some areas, to 
apply more irriga.tion water tho.n is usually needed to 
meet the normal consumptive-use requirements, thus 
increasing the opportunity for eve.po-transpiration 

:, :osses; ,3) :he·· austory Ji' lgTICUiture '.las :Jeen .:na.rkeci 
by so many drastic shifts as to suggest the possibility 
of future changes which Vlill substantia.lly alter the 
water requirements of the basin's major divisions. For 
instance, such alterations might conceivably follow 
extensive additional storage in Colorado; or economic 
or other events not now foreseen or predicted might 
bring about crop substitutions in Mesilla Valley as im
portant as the relatively recent introduction of cotton. 

Estimates of average annual unit consumptive use 
requirements (including precipitation) along the main 
stem of the Rio Grande, representing the present judg-

A vm11e comu.mp1.hre uae, In &ere-feet per 
acre, for-

Location 
Jmpted Nat!'l'l! 1,1:.,,.na- Totlllllffll 

laDda vecetatlo11 Deoullllrl!.U mapped 

Sall Luls V&llttt: Colo .•••••••••• l. 7 u 1.3 1. a 
Oolondo-New mco, State Une 

3. 2 to Bill Mu-clal, N. Mex •••••.• 2..11 u 3.:1 

~~t::.~~:·--~--:~. 2.8 ,. 0 S. 7 3.2 
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ment of the Bureau of Agricultural Engineering, a.re as 
above (see tables 124 to 1291 inclusive, for details). 

The origina.l plan for mappmg the vegetative cover 
was much simpler tha.n the plan finally followed. 
Essent.iallyt however, the. initial purpose of a.soortaming 
the areas of irrigated land and other land "using &ppre
cie.ble quantities of wa.ter" wu retained, e.nd on tb.e 
map which has been prepa.red the entire a.rea between 
the lower fringes of the hills o.nd bluffs a.long the main 
stem of Rio Grande through New Mexico end Texas 
was accounted for. Such limits were set for the work 
in Colorado as would keep the map from including areas 
which could not meet the stipulation of "using appre
ciable quantities of water." 

Resulting from the vegetative cover survey were the 
following area totals, as of 1936. These results are in 
substantial e.coord with results of other surveys, es
pecia.lly in San Luis, Mesilla, and El Paso Valleys: 

Mapped ateas (iD aCl'llS) 

Loait!on 
lmgated Native M~llane Total area 

lands wptatian DWateas ~pped 

Ban Lula v.ne:v, Colo ••••••••..•• aon,xa 737,1119 JOll,210 1,ffl,W 
ColOl"ldo-New Mmco s~ line 

kl San MIIZ'Qlel, N. Mex •.•••••• 1.52, 782 HO, 910 73,217 186,ll09 

S&nQw~~:.~~:· .. ~ .. :~~- 170,569 '°· 062 
38,1125 ffl,256 

Total ••••••••••••••••••••.• 1123,511,{ IKB, 171 221,1152 2,092,817 

G~phical Description 

Rio Grande, rising in the San'Juan Rauge, drains the 
mountain area east and south of the Continental Divide, 
in the south central pa.rt of Colorado. Ita total drain
age area in that State is 7,870 square miles. For some 

. 80 :niies its ~dursc. :s }flsterly ·,1s ·l· :now1tain stream, 
until it enters San Luis Valley, a fertile, extensive, flat 
area lying· between ranges of the Rocky Mountains. 
(Pl. 10.) This valley has a gfneral elevation of 7,500 
feet; the mountains sul'l'Oundmg it rise several thousand 
feet higher. Rio Grande cuts th.rough it diagonally from 
northwest to so~theast, and receives from the adjacent 
mountains the waters of nearly thirty streams, most 
important of which a.re Conejos River a.nd Alamosa, 
La Jara, Costilla, Culebra, and Trinchera Creeks. A 
short distance north of the New Mexico line the river 
enters the long Rio Grande Canyon, through which it 
continues into that State. (Pl. 11.) 

The drainage of the mountains bordering the north
ern pa.rt of the San Luis Valley is received by several 
strea.ms1 notably Sa.n Luis, La. Ga.rita, Camero, and 
Saguache Creeks, which terminate in the north
central portion of the valley in a number of lakes having 
no visible outlets. This large area is accordingly 
referred to locally and by many writers as the 11dead't, 
"sump'', or 11closed11 area, and in later seetions of this 

Rio Grande Joint Jnu,tig<;. 

report will be described by the lest-mentioned term. 
The portion mictly tributwry ~ b Gl!'w:lde ia corres
pondmgly lmov.-n as the t'live1

' area. (P7. 11.) The 
grea.w part of. Uris Jive area is in the southwestel': 
portion of the vaDey1 a.nd frequent refeTences will be 
made to it by that general expression. Similarly, the 
portion ea.st of the river and south of the closed area 
will be referred to as the southeast area. 

Many enterprises, la.rge and small, divert water from 
the streams in the basin, for the irrigation of lands in all 
its portions. Notable in this connection is the fa.ct tho.t 
most of the irrigated farms in the closed area are served 
by canals diverting from Rio Grande. Some storage 
has been created on various streams; other storage possi
bilities a.re still under consideration. 

San Luis Valley extends a short distance into New 
Mexico, and several of the smaller tributaries entering 

, the river in Colorado rise south of the interstate line. 
Its most important tributarios in New Mexico are the 
Red (or Colorado), Hondo, Taos, Penasco, Ei;nbudo, 
Pojonque, Santa Fe, Santa Cruz, Chama, Jemezt 
Puerco, and Salado rivers or creeks. (Pl. 1.) The 
narrow canyon through which the river flows in enter
ing the State is succeeded by others, so that the first 
extensive agricultural area does not appear until it 
enters Espanola Valley, which centers in the towu of 
that no.me. After again constricting its channel below 
Espa.nola Valley (pl. 12)t the river emerges from White 
Rock Canyon at Cochlti. 

There begins the Middle Rio Gra.nde Conservancy 
District, the modern successor of a multitude of small 
irrigation systems which, for many decades preceding 
its creation, served valley lands extending some 150 
miles nearly to San Ye.rcial. f Plates 13-16. :ncl. i 
Important :.n ·:,.he operation oi ~.he ,iisr,rict's aystem .is 
its storage at El V ado reservoir on the upper reaches 
of Rio Chama. (Pl. 1.) . The headquarters of the 
district is Albuquerque1 altitude of which is about 5,000 
feet. 

San Marcial, marking the lower terminus of the 
Middle Rio Grande Valley, is al.so the approximate 
upper limit of the lake created by Elephant Butte Dam. 
below which extend the several areas comprising Lower 
Rio Gran.de Valley. The Elephant Butte storage serves 
the lands in New Mexico and Texas making up the Rio 
Grande project of the United States Bureau of Reclama
tion. (Plates 18-21, incl.) Most important of these 
natural units a.re Mesilla Valley 1 which comprises the 
la.rger portion of the New Mexico half of the project, 
and El Paso Valley t which likewise includes the greater 
pa.rt of the project1s area in Texas. (Pl 20.) The 
two valleys a.re separated from each other by the nar
row constriction just above El Paso, so that a pa.rt of 
Mesilla. Valley is in Texas; and the pass is utilized as 
the site of a dam by which a portion of the river's flow 

CO- 003250 

TX_MSJ_000330



Water Utilization 

is diverted to Mexico. From El Paso to its mouth the 
river constitutes the international bounda.:ry. The 
.. Jtitude of El Pa.so is a.bout 3,700 feet. 

~he New Mexico portion of the Rio Grande project 
,gimi.zed u Elephant Butte Irrigation District. 

. ..i; Texu portion is similarly organized u El Puo 
County Water Improvement District No. 1. The proj
ect's lower bounde.ry is just abo-ve the El Paso-Hud
speth County line, and at th.is place the project delivers 
waste and drainage water to the canals of the Hudspeth 
County Conservation and Reclamation District No. 1, 
which serves most of the irrigated areas in Hudspeth 
County above Fort Quitman. (PL 22.) Some agri
cultural areas not under its canals a.re irrigated by 
individually owned farm systems. The entire valley 
area under present consideration includes none of the 
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]ands in Mexico, and none in the United States below 
the river gaging station. at Fort Quitman,-T.ex. No 
considerable tributaries enter Rio Gra.nde between El 
Paso and Fort Quitman in t.he United States. The 
a.ititude ot Fort Quitman station is a.bout 3,450 feet. 

Involved in. the studies here reported there was ac
cordingly a portion of the Rio Grande's length totaling 
some 700 miles. .A difl'erer:i:~ in altitudes of nearly 
6,000 feet WB.!' likewise involved. So long a. stretch 
and so wide a difference in elevations were marked by 
many variations of climate and soils and by chnr
acteristic diversifications in the agriculture which is 
the principal consumer of the river's water. Descrip
tions of some of these conditions appear in later sec
tions of this report, notably those which a.ff ect the use 
of water. 

HISTORY OF IRRIGATION DEVELOPMENT 

Irrigation in the Rio Grande Basin above Fort Quit
man had its beginnings many decades ago. In some 
looalities it was practiced long before the coming of the 
white men. Not only a.re the remains of extensive 
irrigation works of unquestioned antiquity in evidence, 
but the early Spanish explorers found the Indians near 
Socorro and elsewhere in the Middle Valley, divert.mg 
and using water for the irrigation of their crops. 

The Spanish. settlers brought with them a. consider
.. ble knowledge and experience in irrigation institutions 

1 practice, which they proceeded to adapt to the 
.:i.ditions they found in the Southwest. The result 

was that the Spa.nish and Indian methods were blended, 
and out of this amalgamation arose irrigation practices 
and forms of organization which, in New Mexico, con
tinued 'Vith ~ttle ch~e until ~he e:risting gys~ms vere 
supplanieci by the modem works of the Bureau oi Recla
mation and the Middle Rio Grande Conservancy Dis
trict. Indeed, above the latter1 long-standing agricul
tural practices have persisted to this day, and many of 
the older works are still in service. 

In Tens and Colorado, the Spaniards were likewise 
active in extending their colonization and irrigation ac
tivities1 but the total number of acequias and the area 
irrigated were relatively small. Some irrigation works 
in Tens were built in connection with mission settle
ments, but .irrigation of Spanish origin in these two 
States is of small proportions in their present irrigation 
development. 

Su. Luis V.Ue1 

The latter statement is especially true as regards San 
L11is Valley. (Pl. U.) While irrigation had ita begin
nings there before ,the stimulation provided by the 
arrival of settlem from the Eutiem a.nd Southern States, 

rise of the Valley to a position of agricultural im-

portance took place abruptly during the la.st two dec
!!,des of t-he nineteenth century. While properly sub
ject, on the score of close accuracy, to the examination 
given it in later paragraphs, table 1 provides a statistical 
history of irrigation development in the Valley suffi
ciently illustrative for the present purpose. 

Water Co:mmlss.ioner's S&at.istfcs 

Table l presents not only the yearly totals of irrigated 
acreage in San Luis Valley from 1880 to 1936, but also 
the totals for e11Ch of the water commissioners' districts 
comprising irrigation division no. 3, the boundaries of 
which are those of tbat major portion of the Valley 
which is in Colorado. 

Footnote l of table 1 shows the source of the statistics 
_ :or :~he ;:ierioo :S80 :o ,:395· ~o :1e a :epon ':iy W. ·W. 
Follett (20),1 an engineer employed in 1896 by the 
United States Government to make a. survey of the 
irrigation development of tbe.t entire stretch of the Rio 
Grande Be.sin in Colorado, New Mexico, and Texas 
with which the present report is concerned. 

Several other statistical data. which relate the progress 
of irrigation development in San Luis Ve.lley are 
assembled in later tabulations, but these, "ith reference 
to each other and to table 1, betray a disconcerting lack 
of harmony. Mr. Follett discussed ce.ndidly the diffi
culties he encountered in assembling the figures for 
1880-96, and in the portion of his report headed Resum! 
of Colorado Statistics (p. 72) expressed the following 
conclusions :regarding them: 

It ia likely that the total acreage giveD in these t.able11 ia witbm 
10 pncent of the amount. eultivated during 1895 aDd 1800. 
• • • Prior to 1895, however, the st.&t.ements of the acreage 
may not be nearer ib.an 15 percent. * * * I thhlk that these 
~ti.gee of error in the tot.ala a.re marlrna, aa a large error 
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TilLE 1.-Area irrigated in San Luia Valley, Colo.I 

[In.ens] 

Yter Dlmiet:acl Dllltdd;21. Dmmt:a:i Dimict7'1· Disme.t:1:1', Dutrt<:t ~ District~ D~tricl U To!&J all 
dlstrlcts 

1880 ___ •• --- ---- •••• ------ --················- a.205 u,,100 :U.,100 B. !560 66.100 18, GOO 4,000 2.MO lJl,475 
1881 ••.•••••••• ··-··· ••• - •• ········--···----- 29, Im) 17,800 :Sl,200 8,700 Ill.MO 17,270 4.000 2,640 148,~ 
1832 ___ ···- - - -------. - - •• ---------·---·--. ·-. 44.115 JS, 300 83,700 8,700 86,IMO 17, tlOO 4.000 2,640 1~085 
1883 ... ---- •• ---···- -------------------- - --•• M,315 19,900 44,400 8.800 ll6, 810 18, '125 4,000 2,640 1111,500 
18114, ••• ·- - - - .•••••••• - -•••·•· - --- --- • - - - • -- -- 68, 711,'j 22,000 tr,,400 8,800 80,13) :I0,3,1!4) 4,000 2,670 201,155 
18& ••.. --· ----·-··-- ••••• ······---·········- 151,WS 24.000 61,700 8,800 39,450 :io,ru;~ 4,000 2,670 213,210 
18811 •• -- - -----· -•• --· ••·••··· ---·-- - - - -•• -· •• IIG,00 2G,300 M,400 8,800 :19, ll30 21,230 4,000 2,800 2.'Je,~ 
Ui87. -· •• ----· •• --· ·····-··- • - - • • • • • - • -···- ·- 72,675 as.XO 57,400 8,800 40,950 22, 2!0 4.000 2.800 247,125 
1888 •••. -- ••••. ··········--········--····- -- 118,113() C,OOl 511,400 l!,l!OO 43.4'00 22,005 4,000 4,040 272.975 
!1!89 ••.. ----- ..•••.•• ···········-········ -· -- 0.,.5.15 ~00) 00.000 8. l!OO ~.IMO 22,005 4.000 4,520 285. 310 
18IIO •• - - -- - -- • ······-······· -····-·- - -- -- •••• 1u.a. +t,000 l!O. 000 10,000 45, IIOO 22,505 4,000 4. 780 303,715 
lffi ___ ... ------ ········-·· ···•••· -......... - l!IG,4al ~.ooi 55, IXXl 10,000 40. 760 21,430 4,000 4, 7!!0 &M,WJ 
111112 •.. - •••••• ·····--- ---- ·- .•. ' ' ............ 218,41&& 415,«xkl al,O!lil' lll.000 f7,MO 20,:l!lCJ 4,000 4,780 396,30.'5 
l!!113 ••• --- ••• ------- - - - - - - - - ••••••• --···- ·-·· 179,785 -- ~GOO ID,000 46,200 19, IOO 4,000 4. 700 ~2,925 
11194 •• - - ---·. --- -· .... -•• -- --- -- --·----- -• -• • i'6,0S5 £1,,!lm 1111..Em 10,00! 44.7W 18.020 4,000 •• 700 3311, 1135 
lM .. - ..•..... -------··- -- ·-··--------- .... - IM,71l1> oll,!,Sil M,000 9,Mlll ¢940 16,850 t,OW 4,430 3$, 10.~ 
1800 •• _ ••...• --·- ··----·-··- •••• -· ·- •• -- -• -• • 1311, '1ll/; 37,1l4/l 80,625 7, 09! 43,21)5 31,W 2, 1110 4,180 318. 760 
UW1 ___ .•••• ---····-····-- --- --····-- --- -· .•• le2,2$ ~.929 •eo,ooo 11,Jlllt 45,408 12. 380 4, &811 14,500 33.5. 21! 
l.8!l8 •• - ........ -- ··------- ----- •. -- - ---- ••••• 1:u.m 28,004 145,000 I0,!137 211,941 19,~i 13,000 14,000 261/, 216 
1899 •. _ -··· •• --···· ··••••• - - -.• - - - - - - - - - --· - . :W.Mi 146,000 • w. ooo 10,637 44. 591 II, 71,l; l, 56ll • 5,000 1161, 006 
lllOO •••• - - --- •••••••••••••• ---···. - -- •••••• - - D,.650 aa,1il3f t S&.000 10,Ml •• 008 Zl,606 13,000 t 8,000 (12,829 
1901._._ ·····- --·-·--········ •·•••••·•· ....•• 'Z5S, 000 17, 60J •m,ooo 10,528 44. 686 23,658 2,000 10,000 426,-l72 
1002 __ ------- -- •• -----···-- - --- --··- ••. - ·-· •• 116,1ml 22,3(2 130,000 ll,Otl7 14,519 5,lM 1,303 8,ffi 187,Ml 
191)3 __ ·- •••. --------------···--····-- --- ·-··· 1175,000 80,121 G,11:lll ll,OtS 43,075 11,275 3,230 16,000 3.Z), 00/l 
l~-- ······-- -- - -·- •. --······----------. ·--- 126, Z!4 14,412 i 36,000 6. T.19 16,141 fl.479 3,531 14,000 2ll. 536 
1005 •••••. ···- ••. ----- •. --- ··-·--------- ---- · :m. 24{l 21,tM '70,000 8,407 116,000 l!,H3 2,11& • 5,000 37., 837 
1906 __ ••••• ------··· -• --•••••••••••••••• ••••• 2t9,113l Sl,000 73, OOI 16,.~ 16, 180 20. 116 l,5M I 6,000 (13, "41 
1W7 •• ··-· .-----·- -· ••••• ····-·------·-- •••• - 267,057 80,.f),5 74, 7GS 17,008 26,707 24. T,'J 1, lllll 11,000 45-1, 369 
lll08 •• - . -· ··--. - - -·. - - ·····-------·· ·-- - - - - •• 276,099 38,48& !le, 730 16, IIOO 25,338 H,175 l, 532 I 6,000 444. 259 
1909. -- -· ---- •••••• --- -........ ·-. •••••••·•• - D.300 ll. 9i2 1M, 748 1!0, '12 • :12, 744 25.021 4, :182 J 4,000 421,451 
1910_ ••••••. ·······- _ -·- - -.................. - :MB,007 34,146 93,442 116, 1110 20,281 34,709 I), 897 3,4,8 W.400 
1911 ••.••••• -·------ •• -- ---·· ·······----- ••• - !.14,7,077 fll, 732 87,524 18, 2112 19,738 25. 6&4 4.2U 4,700 4fl8.9118 uu:i ••. _. _________ ·------·-·-. ·----- _. ____ •.• 271, 6511 51,794 117,001 13,846 17,604 29, 3116 8,200 ,, 162 M9, i89 
1013 •• -- - - .•••• ,. - --· ·•••••• - - - - - • - - • - --· - - · · 2.'51, 753 111,009 97,951 15,226 111, 1136 28,499 5.452 I 10,000 4!18. 825 
11114 ••• ·•••••• ---·- ••··•. -• - •• -- -- -- .•••• --- - 300. 287 61,444 86. no 15,294 lll,600 31,1136 6,025 16, 1128 a26. ~4 
11115. -- _ ---- -· •• --- ·-··· ... --- -··. ·-. ··- --·-. 2!!0, 200 !0,1142 88,365 12, 1127 ::116, Oil 30, 1132 4. 244 :io.ooo 613. 361 
16111.- -·-·. ----··--------· - --- ...... --- ...•• - aoc. 211 66,UO '118,700 12. 945 21,21~ 27,1121'l 4,132 12,535 636,921 
1917 •••• ••·•·• ·- ----------- --· - ••• -- ---· ••••• 316,875 4f,212 97, s.55 2G, 11(]8 15,91/1 37,765 4.208 14. 8211 1161,334 
11118 ___ - ..•• --····----- --·· ••••.••.••••••••• · 225, 4ffi 40,HO 97,0iO 10. 516 22, 161 ~515 2, H6 11,776 435,700 
1919 •••• -··· ---··-··· ••••• ----------·------- - 310, 2SII :SS.e69 101,457 25, 1128 23,511 37,527 4, 71.iil 16,0M 568. 175 
1920 •• -··-. ·······-·····. ·--- --·-- •• -·· - ·- -- . 329,561 41,387 119, 700 13,799 :n,1110 37.222 7. II04 18,401 l567, 544 
l9'Jl ••••• •••·••• ••.••••••••.• --····· •••• -- - ·- 1W, 249 30,1858 119,420 22,M,7 40,tltl'd ISa,057 5,100 40,802 6111,442 
11122 ••••• - -···. -· ••••••••...••••• -•.. --······ M2, 148 ~196 1111,270 17,lMM 21,035 :s5, 127 6,740 24.349 51!8, 769 
11123 ••••••• ···---···. ·- -- - --·---··---·------. 11711, 349 41,821 136, 3115 16,794 9,600 "'~ 6,229 8,943 MZ'iM 
UIU ••••••• ······-··. --····- - -------- -- - -- -- • 33i, 767 40,006 136,MC 11, 1187 22.m 19,766 II, 195 17,539 616,178 
lll25 ____ ---- -·· •• --····-··-· - - - --- ••••• - ••••• »c,681 44.~7 1211.180 31,536 l'l,776 46,783 6, !127 ll,640 621,836 
111211 ___ ••••••• --• -······-- . --- - ••• -• ------··· 11,'56, 004 f7,003 117,008 82,423 I 3.2, 267 50,321) U02 ]l, '107 663,Mf 
11121 _ -··· ····----·········· - •• ------· •••••••• 48,2, 568 M,984, 108,003 sa,:.m 62. 216 47,802 6,485 15,550 779,671 
11128 ___ ···-·· --- ---····-··· -----··--·------- - 870,008 81,145 100, 3IIO 83,811 S,866 tll.067 7,346 u.211 703, 13r 
1829 ••• ,--·· ·----········ .. ·····---------··· - 40:l, 772 53,859 1()4, 368 34,MS 411,418 88,067 7,158 25, 100 '118, (j, 
111311 ••••••• - ---···---··· ••• ··········-······. 4211,340 43,nl 102, ()!,(I 35, S!9 M,245 44,682 I!, 1!96 28.871 722.3n 
11131. •.• ····-· --·······-··· -•••• -- -······-··· 880,11116 ", 361 W, l,85 113. 423 33, g54 22,26S 11.285 311,830 652, SOIi 
1932 •• ····-- - •••• - ---···· •• ···- - ..•••••••••.• 412, 11M 57,297 87, UM 30,8$ 47, ll6 30,918 6,752 33. 730 705. .~; 
1933 •••••••• ···-··· •.••• -- • ·---·-·--·······- - 400. 313 44,M7 83,831 32,400 26,573 25,376 6.0,4 29,720 M0.934 
1113-4 •. ··--· •• ····-- •••••••. ----········· ••••. 378.494 38,737 92,477 30,886 :118,946 44, 94~ 6.2-41 20,241 1138, 700 
11135 ••••• ---- ----··. ------ -- -·····----- - ---- - 3ml, 'l1Jll 102, 510 107,833 30,6H ll'l. 372 96,!IM &403 22,323 7S.~. 724 
111311 ______ ........... -• -- - ... -----.---- •••••• 390,127 41!,2&6 ll3,510 33, 1311 26, MO 25, 4i7 6.330 2:1. 435 11113,014 

-1.;:!l sjJown :o md .ncluL?iDg l.lJ30 by Jeb1i"!'. "1'7). :Jat!l lot:~ from tepari ~y W. "".\" 7'cCatt 1~1~ ~~t'S laraely supplied ~'Y ~a.ter ;0~i:swnm .:;~.;~!ln :...:.;-;s ~-alh•y. 
)t.ber ,mmau:eu ~uil.Iltltles irom bieD.lll3l reports or State ..ngweers oi Coiorado or {mm a!llluaJ reports by div1Sion engineer for division Jon J:ile at De.cver, Colo. 

• Estim,,.ted. li> order to eomplew total !or dlvllll01:1. 
1 Available records at State oflloe sbow approxll:Jlately 37,000 IM!?OS (or district. 20 In this year but are believed Incomplete. Tbe t,gure shown ill an el!tlmate blued on ge.neral 

eoDdltlom 1,pplymg In this year. 
, Published ecares are higher by eo,ooo acres. ID 10 and 30,000 alffl!ll! ill um on llCCOWlt of lllclosion or pasture land 011 Baca grant. For other years since 1003 at least, sueh 

puture l&Dds are not Included. 

one way on one ditch or in one district may be balanced by an 
error the other way in another district., 

Owing to the method adopted by stopping acreage when a 
decree stops • * • the acreage is sure to be large enough 
each year prior to about 1889, as a ditch very seldom waters its 
full amount of land the first yaar of its construction, while the 
supposition on ·which the ac~ was handled does do this. 

At an earlier pli!M in his report (p. 57) Follett re
marked as follows rega.rding the figures ref erred to in 
the foregoing quotation: 

The State leglalature of 18S9 ])8,l!Rd a bill, which became a 
law, instructing the State engineer to gather each year and 
embody in hill biennial report statistics u to the a.mount of water 
used &nd land imp.tea by ea.ch ditch iD the State. It became 
the duty of the water eommillsioners to collect this information 

• Boundariell of ntao dlst:rlcb iD !rrla:atlon dlviskm :ao. 3, the 811D Luis Valley, are 
lhffl11'11 Oil plate 1, Ill _.1y 11111111)' be 

under instructions from the State engineer and superintendents 
of the several divisions. The work had to be paid for, however, 
by the counties, and prior to 1896 the county commimiioners in 
several counties bave refused to allow the bills of the water 
commisaioneu for this work, This has resulted in either no 
statistics beiDg gathered in those counties, or in what were 
obtained bdng collected in a perfuDctory way from the retume 
made by the oWDers or managers of the different ditches, ·without 
any attempt at eliminating errors Wld obtaining accurate results. 
Tlilil has been especially tTue in the third divisioo, no agricultural 
retums whatever having beeD made from there until 1895, when 
partial reports were returned from districts 20, 21, 24, 25, 26, 
and 27. This year Mr. AndetEon, the superintendent, made an 
heroic attempt to obtain accurate returns. He bu succeeded 
fairly well, although there are still many apparent discrepaDeies 
in them. · 

My report o:o t.he use of water in Coiorado is based on the 
returns for 1895 and 1896, supplemented by quite a voluminous 
coneapondence, both by mail and wire, with Mr. Audenion and 
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other partiea, and some information I rollected lD DeDver, 
'• m.isa, and AntoDito. A.a before atated, it is to be regretted 

,,re time wu not spent in the valfoy in the o~roannl ~il..;,

·!zta., a& a few days of such work would have added very 
.ially to the aoouracy and cooaequent value ol the report. 

While most writers concerned with the hlst.ory of the 
agricultural development of San Luis Valley have 
quoted Follett's irrigated acreage statistics for the 
years 1880 to 1896, it has by no means been the uni
versal custom to quote his opinion of their reliability. 
This is not to say, however, that the accuracy of the 
com.missioners' statistics for San Luis Valley, for the 
whole range of yea.rs since 1880, has been free from 
examination. For example, Tipton's analysis of va
rious statistics (66), quoting Howard D. Sullivan, then 
(1924) deputy commissioner and sta.tistician of the 
Colorado State Boa.rd of Immigration, says bluntly that 
11the water commissioners' figures a.re invaria.bly much 
too high." The conclusion reached by Tipton was 
that "the final result (of the analysis) shows an approxi~ 
mate irrigated acreage in San Luis Valley of from 
375,000 to 425,000 acres", for the 5-year period 1919 
to 19231 although the commissioners' figures for that 
period ranged from 558,175 acres to 6421734 acres. An 
actual field survey of irrigated areas in the valley, 
made by Tipton in 1925-26 in an attempt to resolve 
definitely the doubts which occasioned his 1924 analysis, 
orodueed a total of 494,200 acres1 or 80 percent of the 

~6 reported by the water commissioners for 1925. 
, p. 329). Osgood's survey (table 27) showed 

5071471 acres irrigated in 1927, while the commissioners' 
reports for that year showed 779,671 acres. 'l'he Bliss 
survey as of 1932 (te.ble 27) showed 534t806 acres as 
comoa.red with the ~ommissioners' total of 705.787. 
~cii~ :..he :Js.ilas survey as oi :934 ,table 27: .,bowed 
428,737 acres as comps.red with 638,766 ·acres reported 
by the commissioners. 

The lack of harmony between the commissioners' 
figures and those mentioned above1 as well as others 
to be discussed in later paragraphs led the Bureau of 
Agricultural Engineering to write State Engineer 
HinderliderJ toward the close of the survey here re
ported, requesting him to describe the method by which 
the commissioners' figures were obtained and the way 

, the work of canvassing has been pa.id for, tiogether 
with such comment as he might ca.re to me.ke :mga.rding 
the validity and reliability of the figures. Mr. Hinder
lider's response was as follows: 

Replying to your letter • • •, deairing to be advised of 
the method punued in past yeara in collecting official dat& on 
inip.ted and inipble area.a in the &n Luis Va.1.ley, and the 
quantity of water diverted, will PY that an a.ct of the legia. 
lature in J 903 provides tbt the W11.ter commiuiooer alwl keep 
reporta which aba.ll conta.w a statement of tl>e actual carrying 

·'City and the aDlOWlt of water actually earned by each 
or cana.l in hie durtriet for each and every day when water 

Ang carried, the wt.al Dumber of acres lying 1mder each 
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ditch or canal, and the number of &CN!ll actually irrigated 
therefrom; a.J110 a atatement of the kind of crop .!I.Dd the acreage 
under each decreed ditch or canal, the amow:it of water stored 
m each reservoir, the amount used therefrom, with the dates of 
aucb atorage &Dd use; and such report.a shall be on blanks, or 
in boob prepared for that purpose and fU?llilhed by the State 
engineer, The law requires ths.t such reports ah.all be subscribed 
and sworn to by the water commiBSioner, and tiled ID the office 
of the irrigation division engineer. It is customary also to file 
copy of such :reports in the office of the State engineer. 

Pre&umably, the report,; of the water com.missioners in the 
San Luis Valley, Colo., are compiled in conformity with the 
provisions of law. We all appreciate the fact, hol\-ever, that, 
due to human frailties, and the fact that water comm.iasioners 
in question are paid by the boards of county commissioners on 
a per diem basis, the time is limited in which to prepare such 
reports. Generally speaking, the amount irrigated in any one 
year under each ditch iB obtained from the auperinteDdent or 
secretary of the ditch company, or the individual water users 
undeT the lllil8.ller ditches. It is not customary foT the wateT 
commissioner to make personal investigation to determine such 
acreages. 

The results of a careful cruise of practically all of tbe irrigated 
lmds in the Arkaneaa and South Platte River basins in this 
State a few years ago by thiE office disclosed that the amount 
of inip.ted land, as shown by the water commissioners' reports, 
was somewhat high, and that the reports of the United States 
Bureau of the Census were somewhat low. It must be obvious 
why this would be true. 

In the reports of the co:mmisaioner of water district no. 20 
in the Sa.II Luis Valley, a considerable acreage is included as 
pasture land where water is intermittently applied as the same 
may be available in the river, for the protection of blue-stem 
pastures. 

As you doubtleB8 are aware, pTactica.lly all of the larger 
irrigation canals in district 20, which is by far the largest district 
in the valley, have been equipped with automatic registers, and 
the amount of water diverted bas been quite accurately 
determined. 

Cruises 'lf.1-Ands ,rnder the lari:i;e Rio Grande canal. and -the 
·Empire cana.i, .)0th '1ivening --ivawr· from the~ 3.io Gta.nae 3.iver. 
were made by Mr. Tipton in 1931 and 1932. It is my under~ 
ltal:lding that you have copies of that :report, which could be 
compared with records of the water commi&aioners, of lands 
irrigated under too same canals for the same yea,-, from which 
it could be ucertained what variance, if any, exists between the 
commissioner'• report and the cruise made by Mr. Tipton. 

.lcrea,e Statistics Compared 

Al.so involved in the 1924 analysis by Tipton were 
the statistics assembled by the United States Bureau 
of .Agricultural Economics in cooperation with the 
Division of Agricultural Statistics (then a pa.rt of the 
Colorado Sta.te Boa.rd of Immigration, but now in the 
Colorado State Planning Commission). The pertinent 
figures are those of cropped and irrigated acreage 
reported, by counties, by the county assessors. A 
discrepancy is involved in compa.ri.ng these (and 
Federal fa.rm census) figul'es with those representing 
the Colon.do portion of San Luis Valley as a. unit for 
the reason that parts of Hinsdale, Mineral, and 
Saguache Counties a.re outside the San Luis Ba.sin; 
but as these outside parts a.re of relatively small 
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agricultural imp9rtance, such a comparison is not 
vitally aff'ected by them. 

Ignoring this difference in boundaries, therefore, 
t&ble 2 shows for 1924, 1929, and 1934, the irrigated 
&.erea.ges in San Luis Valley as :reported by the water 
commissioners, the Colorado Cooperative Crop Report.. 
ing Serviee, and the Federal census. 

.Aside from illustrating the wide discrepancies between 
the data. from the three sources, table 2 appears to be 
in line with the conclusion stated in Mr. Hinderlider's 
letter above quoted with reference to the Arkansas 
and South Platte Basins, that "the amount of irrigated 
land, as shown by the water commissioners' reports, 
was somewhat high, and that the report of the United 
States Bureau of the Census was somewhat low." 
However, it is not obvious why this must be true. 

T.&.EI..B 2.-.Arw in-igated, San Lv.it1 Va.lky, Colo., by 11.pedfi«J 
vecra 

LlllaaesJ 

Souroe of data lffl 111211 111:W 

Colondo Waw Oomml.lridDDffl!' reports •••.•• • IJA 178 •ZZ.•i7 1'88,334 
Colondo Dhilion or Agricultural Btatistlas. 

for Collfldo Ooopatatl 'n Orop Reportl%lg 
8ar'VU!II. ·----- -· ·····---- --- ·····-- ...•••••• '349.813 'Ml,&Mi • 116,Ul 

trnlted si.u. I"l'11PU011 Cenms ••••.••••••••. ........ BB ______ , m. ao1 
United Slatel Fe::m Om:m.s ••••••.••••••••••• 'Pl,34.!I ·-1~ ... ~ 

~ agreement between :he ~.ll'es .~omniled ':,v ~he 
Colora.do Cooperative Cwp Reporting Servi~ anci ~.hose 
resulting from the Federal farm censuses is much closer 
than that between the com.missioners' tote.ls and either 
of the other two compilations; but the lack of harmony 
between the 1929 Federal irrigation census figure and 
the 1929 farm census total needs explanation. It is 
perhaps sufficient to say (after noting that the discrep
ancy is somewhat mitigated by the foclu.eion in the 
imga.tion census figure of a large but unspecified acreage 
of pasture, etc.) tha.t the Federal irrigation census 
obtains its Sa.n Luis Valley acreage data from essentially 
the same souroos as those which contribute to the com
missioners1 oompila.tions, while the Federal farm census 
is conducted independently of the other canvass e.s far 
as large enterprises a.re concerned, being, in fact, a. 
farm-to-fa.rm rather than an enterprise-to-enterprise 
enumeration. 

The 1924 analysis by Tipton (66) went into a. eom. 
parison similar to that now attempted. A portion of 
the sum.mary by Mr. Sullivant there reproduced, is 
pertinent heret and is quoted below: 

Rio Gra1ruk Join( lnvestiga. 

l. The United States eenBUB report of "cropped a.ere.age" is 
f.wly aee'ilraie-, a~ iha;t iJt. is COW!li'.Bi.eDtly Jow. Tm ia due to 
l!(lme far= hs.,·ing b«n miYed by the 1:eneua taker. This is 
euily a«:o,ount.ed for. as the oensu:1 talter gets 33 eeots per sched
ule, and in a sparsely aettled country, u the Valley, .some laol.ated 
fa.rma would naturally be overlooked. A questiomui.i.re wY sent 
by the Board of Immigrs.tion to 1,500 fa.rm.em distributed over 
the Sta.te. One question that wu uked wu whether or not the 
farmer had been visited by the United States census taker. The 
result showed that !rom 5 to 8 percent had not been visited. 

2. The wa.ter eommiuionen' figures are invariably much too 
high. 

3. The county useuors' reports a.re considered fa.irly accurate 
for all crops except native hay and all'alla. For these two crops 
the figures a.re very low. This is due to two causes. First, at 
the time the Ullel!BOr makes his canvasa in the spring, the farmer 
does not know how many acres of hay he is going to cut, as this 
depends on the water supply for that year. Second, at the time 
the State boa.rd of immigration began its investigations, the 
farmer was uked how many acres of each erop he intended to 
plant that pa.rtieula.r year. As alfalfa and native hay a.re peren
uial crops, in some cases they may not b& ve been reported and 
a. false return acquired in this way. This query has been changed 
and now the farm.er is uked how many ac.res of each crop he 
intends to h&rvest. 

In general, the reports from the county l!Wle880nl a.re improving 
all the time, but the error in the report on forage for the 5-year 
period being investigated ie fairly consistent. 

4. In both the census report and the county asaeuor'a report on 
"cropped acreage", there is no &I.Iowa.nee made for the item of 
"irrigated pasture." An arbitrary figure of 50.000 acres for the 
V&lley for this item is conservative. 

The foregoing perhaps needs no comment except as 
regards the matter of completeness in the Federal farm 
census. In brief I the !act that a farm operator is not 
interviewed by a census taker is no proof that the census 
does not include his farm. In cases where the farm 
operators cannot be found, the best reports available 
f~m other sources a.re obtained. The following quota-

. ion from ~e _:ns;,ruction.s ::.o·~numerarors·issued ov ~e 
Bureau of the Census to the enumerators employ~ in 
the 1930 census is illustrative of the long-standing 
practice: 

Obtain information with regard to a farm from the farm 
operator in every cue where this is pouible. U it is necesu.ry 
to accept the statements of a member of his family, or of some 
other person, be sure that this person is able to gfre you reliable 
information. 

When you find a farm whose operator lives outside your dis
trict, or who with his family i8 outside the district at the time of 
enumeration, ao that it is not poaible for you to aee him. or his 
family penJOn.ally, secure the information for this farm as best 
you may from a neighbor or from any other reliable source that 
m11,y be &vaJlable, a.nd note at the top of the schedule that it 
wu so obtained. It is euential that you tum in a completed 
schedule for a,ery /arm in 11our di.ttrict. 

In addressing the Denver office of the Bureau of Agri
cultural Economics to obtain copies of the publications 
from which the statistics in the second line of table 2 
were abstracted, the Bureau of Agricultural Engineering 
wrote that Federal census reports were not involved in 
the requestt as they were already available. In reply, 
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F. K. Reed, agricultural statisticio.n, wrote in pa.rt u ... 
:r,. '()1\vs: 

. . 1 noted th.a.I. you want this information for• .elected group 
ool'He,s in wh&t we call the &n Lui.a Valley located !n !!~\!i!:l 

,1tral Colorado, Alllo, that you mention having &eCfJIIS to 
tabulations of the P'eden.i Bmu.u d the CeDSm for the 3 census 
years. I might pcint ot.t tut I ·dew these data u earried m the 
publications endoaed III being Ie:a reliable the.n thoee given in the 
Federal census publica.tiom. This is perticuwly true for the 
&n Luis Valley counties where it has alwa.y11 been va-y dfflleult 
to get ntisfa.ctory enumerationa through our allllell8on. Hence, 
if you plan to use the information given in the enclosed bulletins 
to get some meaaure or true agricultural. production in thoe 
counties for the years in question or a measure of the amount o! 
land available for potential agricultural production, I might 
.suggest that the data mentioned above be given due collllideratlon. 

Mr. Reed's favorable implication regarding the 
Federal farm census figures, taken with Mr. Hinder
lider's comments relative to the commissioners' data, 
appears in a detailing of the Valley's agricultural history 
to jus+.ify some further attention to the census statistics 
by themselves as well as in comparison with the figures 
obtained by the other agencies1 although the farm. 
censuses were ta.ken only at deMnnial periods until 1925, 
and only at 6-year intervals since then. 

In such an examination) some results of which appear 
in table 2, the discrepancies in total acreage figures are 
fully as disconcertingly matched by wide differences in 
the figures reported elsewhere for specified crops. The 
!...,oorta.nt potato crop provides a good example. The 

perative Crop Reporting Service reported 331410 
.es in potatoes in 19291 the Federal census reported 

37,243 acres, and the water com.missioners reported 
40,027. In 1934 the differences were wider, the OOrr&· 

sponding figures being 30,760 acres, 43,078 acres, and 
53.483 )-C::'~s. :n· ~he :ase.1i. ~e::arge ic:eage :n iay 
crops 1.inciuciing legumes ' 1saved for hay")· the 1934 
figures were, respectively1 227,620 acres1 168,990 acres, 
and 310,493 acres. 

No figures on irrigated pasture appear in the reports 
of the Cooperative Crop Reporting Service. The cen
sus hu reported a variety of figures on pasture since 
1924 (plowa.ble pasture1 woodland pasture, and other 
pasture), of which those descriptive of "plowable pas
ture" might appear to have significance as applying w 
San Luis Valley (50,499 acres in 1924, 72,555 s.cres in 
1929, 30,842 acres in 1934) ii the definition permitted.8 

The water oomm.issioners reported 153,980 acres of ini
gated pasture in 1929 and 150,000 acres in 1934. There 
is, in fact1 basis for much confusion over this item, as 
we.a discovered in the vegetative-cover mapping which 
formed an essential portion of the investigation· here 
reported. Regarding both hay land and pasture land, 
even more pointedly than in the case of land raising the 
other crops, the question of sufficieney of the practiced 

~ Ullllld 1111iJ rar paamue ar pu:fnc m 1934 which mul4 1M plond ud med tor 
.lthaat cle&rinr, clralablc ar ~. 
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irrigation may serve to raise puzzUog doubt.~ ··,:3 to just 
what "irrigation" sha.11 be understood to mean. For 
enmple, ¥...:. Rioderlider noted (page 301) with specific 
reference to water district no. 201 that a "con.s.derahle 
acreage is included as pe.sture land, where water is in
termittently applied as the same may be available in 
the river,'.' How this matter wa.s handled in the 1936 
mapping is discussed in the chapter headed "Vegetative 
cover survey." 

No statistics pertinent to San Luis Valley appear in 
the reports of the 1850 and 1860 Federal censuses. The 
1870 cemms showed for the (then) counties of Conejos, 
Costilla, and Saguache a total ares of "improved land" 
in farms of only 12,797 acres, with no segregation into 
crop acreages but with production figures indicative of 
small crops of grain,alfalf a,and potatoes. Ten years later 
(1880 census) the following totals were reported for the 
(then) counties of Conejos, Costilla, Rio Grande, and 
Saguache: 

Ac,,a 
Total improved ________ •.•• ___ •• _______ .••• __ 67, 125 

Tilled, including fallow and grass in rotation, whether 
pasture or meadow ____ -------- •• ___ • _______ . _____ 39, 933 

Permanent meadows, permanent pastures, orchardl!I, 
and vineyards _____ --- -------- _ ---- _. _____ ... ___ . 27, 192 

Follett's San Luis Valley figure for 1880 was 131,475 
acres irrigated. (See table 1.) 

The Bureau of the Census conducted its first irriga
tion canvass in 1890. For the crop year then reported 
(1889), 1,037 irrigated fann.s (number of irrigators) were 
enumerated. The total acreage of the irrigated farms 
was shown as 413,726 acres, of whlch 147,830 acres was 
inigated. This irrigated acreage was accounted for 

· . ·,niy,; :.o -.~he· foilowing ~:nem:.-C areais, ~7i456 ~·acres;' 
alfalfa, 1,089 acres. (Follett's i889 figure for San Luis 
Valley was 285,310 acres. See table 1.) 

The 1890 census reported 168,000 acres as "improved" 
in the counties then including San Luis Valley. 

The 1889 census total for the irrigated area in the 
San Luis Valley counties was somewhat lower than the 
total shown in the Report on Irrigation by the Office of 
Imgatio.u Inquiry, United States Department of Agri
culture, published in 1893 as Senate Executive Docu
ment No, 41, Fifty-second Congress, first session. As 
of (apparently) 1891, · 275,760 acres was reported as 
"cultivated" by the four major ditch eompa.nies then 
operating and by "small farmers" (p. 154); hut in the 
same document (p. 156) R. C. Nisbet, of Pueblo County, 
estimated the "area under cultivation" in Conejos, 
Costilla, Rio Gra.nde, and Sa.guache Counties as only 
100,000 acres, e.lthough he also estimated that 2,000,000 
acres was under ditch. The Report of the Special Com
mittee of the United States Senate on the lniga.tion and 
Reclamation of A.rid Lands (75) had shown the follow
ing figures representing the Rio Grande drainage area 
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304 Rio Grande Joird. Jnr,estiga. 

T.UILE 3.-ArllU of apuiji.ed crops f1'"1%m m &m I.vu Valley, Colo.., 190?-S.S (SCf!pt 1905, 1904, and 1919), cu rep,rted fly WGUT dialric: 
CO~MTIJ 

N•tnral Marbt liUpr Year Alf&lfa Cereals Pasture a:a:den Potatoes .- pel.! beets 

-------
11135. ···-···------·· 86. 96() 226, IXU 11.57, Ill 162.1114 8,ll'i3 48,ffi 2. 174 
1934 •••••••••••..••• 84,o:?5 178. 1117 77. 272 100.m 9,747 53,463 l, ~10 

1003 .. -------·-····· M,!M6 119, !!80 l!ID, 1138 67,061 7,179 ~3311 --··en1· 
1932_ --·------······ 96.830 Ul2. ggg 97,1!32 l.!.5, !,1)6 13.448 67,m 
11131 •. ··-····· •••••. 97,822 824.828 73. 582 ................... -.. 8.002 67,.U l, 1181 
1930 •.•••••••••••••. 1!3,199 337.~ 113.M2 •~ eee _____ 5,82:i 45,11& 396 
11129 ••••••••••••••.• 113.:lel 2113,627 84.107 IH,l!W 9,!20 40. 027 ····se2· 11r.ZS .•....•.•.....•• 86. a:n l!',5, 7111 89.1113 ..... ______ .... 3. 877 l9, :r2$ 
1m ................ 116.275 225,017 92. 3Zl ---------- 3,319 4-1.MS ·T.or 11126 ••••••••••••.... 91,0lll 341. 3118 II0,022 -- .. -,------ 4,817 28,487 
1925 .••••••... _ ••••• 115.Mi 2ll0, 3b8 lr.2.$19 ------ ~- .. 2.m :13,353 l, 471 
11124 •..••.•.•••.•••• 81,233 275. IWI 11,, 300 ---------- 7~ 21&.1164 1:r.'l 
1973 ..•....••••••••. N,201 322.789 91,611 .. --....... ~ ........ 005 3!, 668 -- .......... --
11122 ••.•••••••••...• 1111,373 :z:w. 261 84,252 _______ ........ 1113 411.4-18 .................. 
11121 •..•••••••••.••. 72. 6211 182. 270 128. 000 ---------- 'l'Ol 35. 636 --------
1920 •..•••••••••••.. IIO, 718 167,t,35 117,010 -- "' ....... ~ ... -.. 1149 28.023 .... ------
11118 •• ·····-········ 41,'UT lM.126 e1.sn _____ .......... 1,117 2"1,276 .................. 
llll7 ••• ·····--······ M,498 207.39.'i IH, 484 ........ ------ 1,386 11,m --------
19111 ..•••••.•. -····· M,1564 222.558 ll8. 136 ______ ......... "~ 12. 006 ..... 3f 
!915 ..• -·-·········· 41,076 Zl5. 584 112. 003 

• 36. 062 
437 9, 71)2 

1914 .•. •••·•••···••• 34. 100 229.227 1112. 627 381 9,802 15 
1913 •••••••••••••••• 29,122 227,:l!!I 130,009 

________ .... 3112 11. 808 3.009 
11112 •• ______ •••••••• 31,227 224, 7f0 186, 24~ ---------- 4112 13. 875 7,307 
!Gil •••••••••••••••• 2,521 19&, 935 151. 325 ---------- 236 111,3~ 5,Hil 
11110 •••••••••••••••• l8, 189 18,5,446 209. ™ ............ ..,,. ...... 400 14, 62.S a93 
lllOO .••.•••••••••••• 11!,, 909 246.004 177.1156 ........... -......... 142 U.251 4 
lllOB ••••••••••••. -•• 13.001 100,298 142.~ ... ______ ........ 275 1,534. 10 
1907 ••. ·····-- ·- ..•• 10. 81,4 212. 215 100. llO ---------- 827 II. 105 --------
l!IOO ..•....•• - - - -- •• 10. 5114 134.SSS 118. 008 ......... ..._ .......... 1!9 7,440 --------
1905 •....... --······ 8. 00) 100.000 .. --------- ---------· -------- ...... __ ............ ····ni;· lll02 ............•••• D.v:l9 111.~1 39. 135 ---------- -------- 3.fOS 

in Colorado, apparently for 1889: under ditcht 596,097 
acres; actually irrigated, 250,263 acres. 

Field Caull• Ctlil~e 
l.eU.uoo B.!ans or ehards, 

~ &w..- Cll<T..U 

1, J508 S0,8711 2. 58.'i ____ ........ 897 
2,(132 48,607 1,613 -------- 1532 

327 :17,514 2.ffi ··riir ·-·-··ata· 2, 28') 62.1161 2.1ro 
l, 5111 fl0.717 l, llo6l5 I~ 147 
UM e8,376 1,383 851 87 
t,0:11 G7. IIQ7 892 1. 2!IO 306 
3, 2114 ao, 6114 -------- -------- 87 
•• 837 82.1195 l,l534 ------- - 711 
f,226 73.278 I, 782 """"iif •••••• 1:w· f, 032 78,377 2.125 

!MIO 811.0SS 1.9911 ---- ....... - .59 
836 85,375 2, 991 ·------- 63 

.... -- .... - ~ 
711,811 ............ -.. -------- 77 

-------- 75,C1!11 .. iji,i:; ................... 63 
-------- 68. 115 -------- 112 
.............. ..,- 90, 796 -------- -------- 108 
-------- l!W, 834 -------- .................. 73 
...... -...... - 88. 515 -------- -- ------ 84 
----- ....... 58. 304 -------- -------- 202 
____ ,. ...... _ 37. 7llll _ ___ .,_ .. _ ................. 19 
................. 78. 145 .. .............. ................. 39 
-------- 49. HlO __ ,.. .... ___ ........ _ ........ 411 
.. ~ ........ ,. .. 74,128 ................... .............. ,,, SI 

-------- 8&633 -------- ___ ., __ .. _ 40 
-------- 25.1:la -------- ____ ..... 49 
.. ~-- ......... 115,024 -----..... - -.. -·---- 43 
-·--- ....... 125.061 _ ............... ................ 197 
-------- M?,018 -------- -------- M 
.. ............. ..,_ .. "°' 000 ................... .... -- ... --- 100 
-·------ ---------- -------- -------- 110 

Sweet· Oth~r 
o}(l-'ql:]" aropo 

-----
2,006 IW!, 150 

18. 061 aa. :rio 
9,183 18, 1,,67 

16, 773 :n. 21s 
22, ;75 7. 897 
28,810 30,802 

.................... 415. 136 

-~005- 163.300 
202,729 

27.922 11,000 

.Tii. fl, 171 
50,792 

2,900 20,122 
-------- 711,633 
....... --~ ....... 121,155 
-------- 34. !!49 
-------- :14. 567 
................ _ M.113 
-------- 40.504 
-------- 55.066 

........ 1-··-e..eoo· 
----- .. -- ----------.. __ .. ____ ..... ________ 

---·---- .. ..... _. _____ 

-------- --·-------................. ...................... 
-------- _____ ...... __ 
_..,_,. ____ 170.00• 
-------· 12. 5,37 

Blllll.· 
mer 

fallow --
-- ........... 
._ ............ __ 
me-~---m 
.... -m ........... ........ ____ 
---•,-e--

9,081 
--------
----- ---

8.1121 ., _______ 

.. ,,..., ......... 

..... 1 .. ____ 

--------
-........ ~"' - -
----------------
.. - ~ ...... "' - .. 
----------------- ................. 
---- .......... .. .. _ ... ____ 
--- ........... ..... ______ 
__ .., _____ 

------- .. ................. 
--------................ ....... ____ 

Tote.I 
lrTiP<•d 

755, 
e3S. 75 
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I 
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7oe. 36, 
6ll2. 
'122,311. 
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a 

77 
5 
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703.13 
ffi, ~71 
mn.M i4 
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4 
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621.83 
815, 17 
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i58S, 7 

? MIi. 44, 
458. 
435, 78 
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D 
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I 
l 
6 
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9 

1161, 3 
15,36,92 
513.36 
~J0.01 
37&82 
519, 78 
468, 
W.46 

ws 
2 
l 

23ll 
369 

l 

477, 45 
439, 
454. 
420. 34 
318, l 00 

7 157.!.4 

tive purpose, from table 3. (Discrepancies in the totals 
shown in tables 1 and 3 .a.re not considered serious 
enough, in this comparison, to require explanation or The 1900 Federal irrigation census reported as the 

"acreage irrigated from strellills" in 1899, for the third 
water division, 295,988 acres. For the entire State of 
Colorado, 7,058 acres was reported as irrigated from 
flowing wells, almost ell of which was undoubtedly in 
Sa.n Luis Valley. (Water com.missioners' total, 361,097 
acres. See table 1.) The Census total for ,.improved" 
land in all farms was 381,062 acres. 

· adjustment.) 

A specie.I census of irrigation taken by the Bureau of 
the Census in 1902, enumerated as irrigated from Rio 

·,3.ranue inci··'.:-:cu~aries. ~.3:9--iarms-:1,nci '.:03.-J.55 .1c . .:-2.s. 
(Water commissioners' total was 187,551 acres; Com
missioners' totals for 1900 and 1901 were 412,829 and 
426,472. Severe drought was cited as the reason for 
the decline in 1902. See table 1.) 

The 1910 irrigation census (for 1909) reported as 
irrigated in the Rio Grande drainage basin 460,781 
acres. The 1920 irrigation census (for 1919) reported 
the total as 608,924 acres-both higher figures than the 
com.missioners reported. The census total for improved 
land in all farms in 1910 was 588,905 acres. The 
corresponding 1920 total was 499,668 acres. 

Whatever the uncertainties created by such com
parisons as those set out in the preceding paragraphs, 
they should be resolved so far as the present situation 
is concerned by the tabulations resulting from thf'! 
1936 vegetative cover mapping (table A).' 

The general crop history of San Luis V o.lley may be 
traced clearly enough for the present merely informa-

4 Fill' oompulaon with-.!,- of Middle Valley m:t1st1a1 DD PIP 308, 1188 aspeclall1 
1a San Lull Valley ~ cm .. _ fonnel'ly lrripted" (151.1194 aera), lllld dla· 
cmslon or the mapptq of i.hei,e art!IIII OD PIP 40G. 

Dra111a1e, Storage, nd Allied Problems 

San Luis Valley's rnpid agricultural development in 
the 1880's and 1890's, influenced by a lack of sufficient 
storage, the widespread practice of "subirrigntion" 
(see p. 317), and the uncontrolled flow of many artesian 
wells, early combined to bring about a serious condi
~ion callin!! :or ~xtensi've drain!'U?e. '"!'he following pora
gta.phs J conciseiy descnbe this condition (,;,;.ith par
ticular reference to the closed areu) and further explain 
some of the circumstances producing it: 

On casual inspection, the entire valley seems to slope very 
gently 11.Dd drain into the Rio Grande, whkh entaera the basin 
&lmoat due west of AlamoB!I. and turns south at the city toward 
the New Mexico line. However, as a matter of fact, an imper
ceptible low divide in the valley floor parallels the north side of 
the Rio Grande, at a distance of 2 to 5 miles, from the point 
where it enters the basin near the town of Monte Vista south
eastward to a point below A!Amosa. Thie divide converts the 
oorthern part of the valley into a basin that is "closed" so far 
a.a natural drainage is concerned. 

Within this clOlied area such of the waters of the local streams 
and of the divereiona from the Rio Grande a.s a.re not conaumed 
in imp.tion and by natural gTOwth or by evaporation, fin&lly 
lind their way into a low trough parallel to the foot of the eutem 
range. There, in ooasons of abundant run-off, the waste waters 
collect in numerous small lakes, swamps, and low waterlogged 
a.reas. In seasons of moderate run-off' the areas of free-water 
surface lllld swamp are greatly diminished. After a series of 
dry years, &n Luis and Head Lakes constitute the only free· 

I From llm report by Stout, Fowllr, Gd Deble: (:ie). 
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wa~r INrf&eea. The water table throughout the trough ill 
M'lintt:-ily relatively high. 

• • • • 
the history of the development is interesting. The first area 
ptsd wu &lo~ the Alamoaa..Salida railioad line, in the lower 

..rtof the trough immediately west of a.ud par,.Jkl to the r,nt 11~ .. 1 
seeped area. In this aeetion of the basin a. broad belt of land was 
rapidly brought under irription. Drainage difficulties soon 
developed that led to progressive abandonment of lands along 
the eastern border of this irrigated zone and to its progressive 
extension westward. As yea.rs ll'ent by, this progressive shifting 
of the irrigated zone westward continued until its western margin 
bad reached the extreme west side of the valley and the broad 
stretch of once-occupied lands to the ea.sn:ard was left to revert 
to its orlgina.l state, badly damaged, however, by alkali. 

Drainage of the western area then became necessary, and the 
waters developed thereby aided in a progressive reoccupation of a 
part of the neighboring lands to the eastward that we~ once 
occupied and then abandoned on account of becoming water-
logged and affected by alkali. 

• • • The growing demand for water has led to the :re-use 
of the drainage return from the hlgher areas to the westward, 
unless limited in some way. All matters now stand, drain waters 
are reapplied with no return therefrom during the irrigation 
eeason. In ordins.ry yea.rs, waters are so used only in the period 
from April to October, but in yea.rs of subnormal rainfall and 
run.off, such irrigation is extended throughout the winter. 
Little water has issued from any of the drains into the sump 
area in the past 6 or 7 years. 

It appears certain that thls re-use of drainage water will be 
extended and continued, and additional lands brought back into 
uoo east of present occupied territory until the area comumes 
practically all the natural and :return supply. 

Throughout its modern history the Valley has been 
Jtable for its great number of artesian wells. The 

1936 investigation by the Geological Survey disclosed 
that the number of these wells, ineluding pumped and 
flowing, urban and :rural, was 6,074. The total esti
~ated 'mnual :ii~ha:rge wa~ 118.945 ::i.cre-,feet. '!'here 
!.;.ere ilso ·a ·:arge number of artesian springs oi esti
mated annual discharge totalling 47,450 acre-feet. 

As of January 1, 1930, the Federal irrigation census 
reported that 614 of the flowing wells were used for 
inigation, the remainder being domestic and stock
watering wells. In general, the irrigation wells are 
the larger, the average capacity of those enumerated in 
1930 bemg 62~ gallons per minute. 

Since all but seven of the flowing wells reported for 
Colorado were in S'an Luis Valley, pra.ctically all (say 
3,600 acres, or about 6 acres per well) of the total acre
age (3,786 aeres) was Valley land. Most of the irriga
tion. wells-542 of the 1930 total-a.re in the "live" 
area of the Valley, the remaining 72 being in the portion 
tributary to Sagua.che and San Luis Creeks (Pl. 11.) 

The 1930 census reported only one pumped well used 
for irrigation, but there are now many more, the growth 
of this phase of irrige.tion supply having been one of the 
most notable developments of the last few years. It is 
l'itill continuing, the section around Center having ex• 

\rienced 11. marked activity in the esta.blishment of 
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new pumping plants during the past year. According 
to the United States Geological Survey, there a.re now 
160 pumped irrigation wells in the area east of the Rio 
Grande ea.nal and north of the river. Forty-six of 
these wells were installed in 1936 . 

Practically no control of the discharge of many of the 
flowing wells (domestic 11.nd stock as well as irrigation) 
has been exercised. Notwithstanding the small acreage 
(mostly farm gardens and pastures) which is watered 
from this source, this lack of curb has contributed to 
the raising of the water table in some portions of the 
Valley, so having been 11. factor in creating the need for 
drainage. 

Conk.ling describes 1919 conditions as affected by the 
water table in the following (selected) paragraphs (12): 

The geological formation is such that an artesian basin exists 
under the valley floor • • •. This basin is fed by creeks and 
rivers fiowing across the outwaah as they leave the mountains 
and possibly by percolation in the mountains themselves, al
though it seems improbable th.at any large contribution occurs 
from this souHe. The calculated head of the flowing wells 
defines the altitude of the impermeable stratum which forma the 
top of the aquifers and as some of the larger ca.na.lB dh·ert above 
this altitude and a.boYe the point in the stream where measure
ments have shown seepage loB8ea to oocur, it is probable that the 
loss from canals is contributing to eome extent to the baain, a.nd 
in succeeding calculations some estimates a.re made of this 
quantity. 

• • * Siebenthal gives the number of artesian welh u 
3,234 with an average discharge of 40 gallons per minute. 

• • • The wells are, in general cased to the first clay bed 
which appeam to be the upper confining la.yer of the a.rteaian 
basin; hence capping successfully eonser,•es the water for UBe 

elsewhere and abuts off the contribution to ground-water. 
• • * It wu " • • found that the artesian basin had 

extended westward in the neighborhood of Center IWlCe Sieben
thal's time. (Pl, 5.) The maximum extension is about 2 miles 
.!nd r.s,dually- iimmishes, :':-om ~his :iisu.nce ·.o ·.;iothing .:,ear 
3aguaehe and· Monie. Vista. The only way oi accounting for 
this is contribution to the basin which did not exist before irri
gation began. lf this is correct, when the basin finally reaches 
a state of equilibrium, there may be more outflow from ihe valley 
than is hereinafter estimated. 

There are said to be 850,000 acres of seeped land in the valley. 
Thia is hardly true. There a.re 850,000 acres • • • under 
which the water table lies 8 feet or less of the surface. With the 
coa.rse subsoils of pa.rt of the valley, this water table ha;rdly 
affects the 11urface on a pa.rt of the valley a.nd it can be success· 
fully farmed. The area east of the north a.nd south line 3 miles 
west of Mo11ca i.a in mind. At Mosca the water table is a.bout 
4 or 5 feet below the surface and about 6 miles eut of Alamosa 
about 8 feet. It can be said with truth that there a.re 850,000 
acres which should be seeped if more of the land were irripted. 

• • • there 11re areu unaffected by ground.water on the 
outwuh slopes of the Conejos, Alamosa, Rio Grande, and 
Saguache Rivers totaling 200,000 acres, giving a total, iD addition · 
to the am.all areas along the Sa.ngre de Cristo Range, of 1,050,000 
which a.re near the larger streams, are largely under ditches 
diverting from them or will have ground.water very cloee to the 
surface with the beet possible system of drainage. 

• • • It ii evident that much more land can be irrigated 
than at present. Buch extension depends la.rgely on ability to 
cootrol the diacharle by reservoirs. 
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For the entire Valley the 1930 census reported 25 
reservoirs used for irrigation storage, with total capacity 
of 281,994 acre-feet (of which less than on.e-tbini was 
on Rio Gra.nde, Conejos, and Alamosa Rivers). These 
figures an, not in agreement with statistics obtained by 
the Buruu of Agricultural Engineering in 1936, when 
15 reoorvoirs alone were represented as having total 
capacity of 3121625 a.c.re,..feet. In addition to the 15 
mentioned, each of which had a caps.city of more than 
1,000 acre-feet, s. number of small storages were listed. 
Some of these were not irrigation reservoirs; however, 
the discrepancy in acre-foot totals is explainable by the 
excessive cape.city of some of the reservoirs relative to 
the amounts oi water retained in any but exceptional 
years. 

Notable is the fact th&t, with one exception, all the 
major storages were created Bi.nee 1900-the.t is, a.f ter 
d.n.inage needs had already become serious; but as illus
trated by Tipton (69) in table 4 (for the lands between 
Alamosa and Del Norte), the spring flow is still utilized 
to s.n extent considerably in excess of the ideal demand. 

Tilt.I: 4.-A.uumed ideal il"rigoJion demand (600,000 cu:re-feet) on 
Bio Grandt betwun Alama1a and Ihl Noru, Colo. (ofter Tipton) 

Month 
AlilUmed PliloeD1 Actllal di• 

delmrld total ffl'lloo per-
~ llllll,IIOllal lllllt total 

-l 

80,000 6 11 
102,000 17 29 
112,000 'IT Bl 
116,000 211 1e 
1118,000 JII 12 
llf),000 a ~ 
12,000 J I 1 

ti:::::::::::::::::::::::::::::::::::::::: 
1--------------·--- ........ ··········-
July------·----------- .... ············.-----
AUIIBt---······-········ ·········----······ 
=-be::::::::::::::::::::::::::::::::: 

Total .......••••. ---....•...••... ---- l!I00.000 100 100 

The ~:riBting. 3 to rage ~e 1ocally .- a.ssemd to, ha vi:i been 
~ifective ·.:n improving imgs.tion" use, j l:nit il,S is the case 
elsewhere in Upper Rio Grande Ba.sin as well a.sin many 
other irrigated valleys of the West, the need for ext.en-

•In• panmial oomm11Dicatlon to Mr. Bia.lford, Mr. Tipton wr:lw,s Ui.t "1111 the Rio 
Gru:idi )lrllpar wre ii on!J about 80,(l(IO ~ ol dectlve lt«nce ud • • • t11.1s....., ii med to the nmu m 1111 &Uampt to redl1ee the dlatoritd !Mthod or mlDI 
_. betYeeo Del Norte ud ~ IG,000 ~ ot the dedive atonae Is 
OWD8d bJthe &D Lab Va1Je7Imptlon Dtm:tce, cammom.!7 bowll 11.11 the F11111m' 
UDl.cm. • • • &ba D1111 of watar bJ" tb.ls Q'lltGl Ill lllmalt lda:ltlcll.l with the a.s
lllmlld Ida.I (Jlmm bl table 4) • • • WbJJe tile J'umm' UlllloD ~ 1w IIU!· 
lil:::lmt dh'ld !Sow ~ Co p,lll'IDJt !up lpriDg dmlindcms, yat mob d!V11'11Gl:u1 are 
lid lllaM. B4ll'on the ~ al the P'llnDffl' U.aloa ~ tbe dlvani!lllll 
bT U.. P'N1111r11' U11km mm! Wllll'II d.lRaned ht the - - 111 tilt majol'ltJ' of 
the clmalom &kim( the str911m ~ Del Nlll'fAI imd A.liiullala. 

"TN-I la DO qDlllltklll bm 'll'bi& It IQ~ ICcnp ,,_ proYidtd CID tbe lm6lll 
the hip lpdDc dhmdlllll woa.ld 1M nduaid and &he late nu,1inar dhmfaDa wOllld 
be~bJ&blNleaaotthl~-- ...... (Seellllop.~. 

Allo wilb ~to@.~ oti-t ~Mr.~ bi II i.tm to 
Mr. Mcl&uahl!D wrlla that "lat &be :n-,- period, 1~. the 11\moutlt or W8t« 
mad tmm ~ by auaJil IH"flll'tml ID dlsl:rld 20 111'IIQl&lllid tii,100 lllll'l9'4eet per 
J'lllf ud ~~fllW.IIDIOIDlt wuUllllld by-~ l'wmln' UDlon. 
TIMI toCal ~ ~ bi dld:riet 90 111 abmt .,..., - ot whklb lll310l!Dt Ule 
"-' 'O'D.loll lmpta 11bom 48,,GGO--~ 11D ........ ol N,llOO ~ 
of the llt4nd ,n&er..,.. Dllld a11111:1 IIGl'IIIIII w •lnr m.bOllt 1u pa'lllllt at tbe total 
~ lrriptld lD ~ •• 
"AD~ ot &be DIii alb ....... by ilia l'lrmn' Uman mdJcata ~ Ui4 -· 

IIUllal dlm!lmloD far &be dmmam by tN 1"amlffi' UlllZ •~ th1 ~ 
Ida.I dllalbatlan (ea 1111& up lD table .f. above), 

"For Ule period 1~ t.lMI - IIDDml dlvanda11 bJ camlll b:I &1riet 20 'W'III .m,. 

Bio Gro.'FMh Joint ]n'Oeffl.91.,. 

sive drainage persists, al~ it. ~ obvio11S from table 
5 t.be.t t.ne existing dm.m.s have been effective in pro
tecting & hop area which without them would now be 
pmly, if not wholly unproductive. 

TADLE 5.-Land in draina.ge enterprise,, it, condition and we, Son 
Luu Vallq, Cofo., 19SO 

(Aaembled from the IDm'I elaborate tr.bulat!Dlll for Ala.mOIIII, Conejos, Rio On.n<it 
m.Dd ~e muntia!I ln the nsporl:I at the P'llde:al 4r111.nap m1SU1 or lfl30l 

[In1,m11J 
Land in org&nized drainage enterpriaea __ . _____ . ____ • 
Land in occupied fa.rms _________ ••••••. _. __ ----. _. _ 
lIDprovedland __________________________________ _ 

Land in pl.anted crops ______ . ____ ... __ . __ •.•... ___ _ 
Land idle-_ •••. _ .. __ ._. __ • ___ • _______ ._ ..•.•.• __ _ 

Land unfit to raise a.ny crOP---·-······-··---------· 
Land unfit to raise any crop prior to dr.e.hmge ____ . __ . 
Land fit to raise crops (partial and norm.a.I) ••. __ • ___ . 
Land fit to raise crops prior to dr&ina.ge ____________ _ 

Middle Valley 

168,946 
118, la3 
117,553 
107,543 
55,053 
2,428 

90,342 
166,518 
78,604 

The several ava.ilable sources of statistical informa
tion relative to the irrigs.tion development of the main 
s..nd tributary valley areas between the Colorado State 
line and San Me.reial are the Follett report of 1896, 
Federal census compilations, and certain surveys made 
by the State of New Mexico. 

As in the case of his San Luis Valley tabulations, 
Follett's figures (20) were s.ccompanied by certain 
reserva.tions.7 In the New Mexico investigation, he 
did not have a basis for estimates equivalent to thf 
more or less unsatisfactory water commissioner record. 
he found in Colorado. Accordingly, the figures he 
fine.lly reported were la.rgely the product of a canvass 
he conducted personally .8 

. :?ollett,3 ~abulations ~overed ~he 7<>9.rs ] 880 ·.-0 : 396. 
and. wer~ made accorciing w "ws.~r disuicts :'oi his own 
creation. The boundaries of these districts were such 
as to permit combinations of figures s.pplica.ble to the 

800 ~t. 83,400 acrH!et or th1s qaantlt1 'fflll di~ by the Farmm' UDlon 
Cll.ll8l, lavln& 484,IIOO ~ 1111 tb• IQrllate d!Tllnlons or the rlllIWDllll C&Dal.s in 
dlstrlct 20. A boot 30,0::0 .-feet of the Q,400 .-teet diverted by Farmers' Union 
di~, ,,.. 1'1111111'Voir water; and about 17,100 IICr'lrteet or the balance or 4M,ll(J(l 
acre-ftel d!Tl!lll'Blou, wu l'IIMl'Vol?' wm.ter. ln other wordl, an 11v~ or 61!1 penmt or 
the totlll dlvenioD by the Farmtlffl' Unloo wu stored 'll'llwr', while the stored water 
dlflll1A!d by tbe other Cllllall wu only about U l)lllmlll.t oftbe total dinnlon. • • • 

"Anilm.bJe l"l!llll'VOlr water 1w rasulted ln II material cwp bl &he~ di.mi· 
butloD or t.1:111 divemom or the Farml!l'II' Ulllon OIIJW. Fm tlla ye,m 11125 to 19211 In· 
clmlve (for whlch psloo the data bas been ~) t1111 Fa.rmam' Union In the 
mmith or May divertad ODIID &"l'lllToP rmlyM l)effl!lllt of thawat« aflllllble to it uadmr 
ltl 4-, the maxlm.lllD ror·any May being 80 percent and the minimum belni 46 
~t. Dmmi the mODtbl of 1mae far thll m.bove period an l>Vel"ll8 of only 89 per · 
11111:1i of&he 1111'M4111' an.liable to It tlllder lti d-wu dlTWl«I by tbt Fa.rmm' Untcm. 
Tbl ~o!r ,,,,._ m.n.llabla to the other mt.ms on the riYer llelnl: aDly about U 
Jlliffl!llt of the total dl.,.-slon bf thaN mi.ma. Is too small to c!wlp ma.terlllllJ tilt 

dlltoried lllllllllm&l -·" 
t In i:IODBldllrhlc the ID.fmnatlGD nilatln1 to Nn Muiootbe IDtlthod of obta1Dlnl It 

mmt be borne 1D IDiDd ud due llloWll,llCII ID.Ide for lb probr.ble mer. I ~ tllat 
tbe tot&l a.na or ln1pied land liffll for ea.ell dlltnGt II wlth1n u pn,B11t, md pa,slbJ1 
within 111 para111t, of the IIIZ'lll ildmll1' 1l'U4lnld 1111 •nnre ,-. (P. 7t.) 

• A part of the eommlpkmm alq the Rio Onmdtl dltcl:la 1IP'ffll able to lff1 me 
~ti c,laffl!II' 1t'hicb 1!fln i,n,tt:,r claN, but W:IM!n thin WWI DO ""11Dmlri0Mr1 
It WU dlfllcalt to learn the 11N11S ll'l.tlind. Wl:latanr IIIDd I 11111w I lillUIDllted u well 
• J)lllllible. and obtamed Imm the mhllbltants their tsi!mmls also 111 • abedl: on mint· 
(P. 74.) 
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investigation here reported. Such a segregation a.ppee..rs 
in t.abie 6. 

Tar 

Prior tG 1880 •••••••• -·-·· --- ··-···· --- -
I.IIIO ••••••••••••••• -•• ··--···-·-·---···· 
11181 ••• •••••• •••••••• ---- --- ···--- ••• - --
1882 ••• -- •••••• -· •• - -··· ••••••••• ---•••• 
11183 ••••• -- - - •••• -·- ..... - -•••••••• - •••• 
la&f ••••• -•••.•• - •• -•• ------- -- ------- --
1~- - •• - - - - /---····--·····----------·· 
111811 •• -----· -· -- - -- -··-· -- --------------
I.B87 •• -·· "---- ......................... . 
1:888 •••••• ---- --- ••• ---- ••••••• --- .. -- - ---- --···--·· -- ···--·· ··-· -------- -- . -
Ul80 •• -----·-----····-·················· 
l&Ul •••••.•••••• - --·····-------· --------
m2 ___ ···--- .... -· ••••. ------·------· .. 
lllll3 ••• -----------··--·······--···--···· 
1894 ............. ··----······--------. -· 
J811,5 ____ .......................... ---··· 

······-······--····--······--····---· 

111,410 
UJ,IIGO 
118,380 
lU.480 
118,400 
Ill, ISO 
lll, 800 
114,670 
114, ffil 
115,060 
115, 1110 
116,380 
117,0!lt) 
117,680 
118,400 
118,ffO 
119,980 
118, ll3C) 

M,ffl 
112,470 
11, l'OO 
II. 'lOO 
11,700 
a1. 'IOO 
111,'lOO 
$1, ,00 
Ill, 'l'OO 
31, 'lllO 
11, 71111 
31, 'lOO 
11, 'IOO 
11, 'lOO 
31,700 
&l, 700 
111, 'l1Xl 
lll,700 

Table 7 is a compilation by Hedke (27), assertedly 
based on the Follett surveys, a survey ma.de by H. W. 
Yeo in 1910, and a drainage investigation conducted 
by the State of New Mexico in 1918. The discrepancy 
between the 1896 figure (31,700 acres) shown in table 6 
and the figure for "acres under development" (50,000) 
appearing in table 7, both attributed to Follett, Hedke 
explains as follows: "Follett says, 'Their (the figures') 
probable error ranges from 10 to 20 percent for the 

1as watered', etc. Since the above figure of 31,700 
.-es, for the area. watered in the Middle Rio Grande 

valley was based on estimates and testimony obtained 
from those who could only use an estimate of the total 
areas under the ditches or previously irrigated as the 
basis for comoa.rison. the e~r of 10 to 20 percent on 

• the~ .:!'et l.l'e9. ;ould ~itsi]y·:::n,olve ~e "!urr..her error oi 
10 to 20 percent on the gross area, which together 
would readily extend his figure to 50,000 acres, and 
such is assumed . . .11 

A fault in this reasoning appears to lie in the evident 
assumption that Follett's &.dmitted possible error lay 
entirely and oonsist.ently in the direction of deficiency. 
Hooke's previous comment that "the data (Follett's) 
were aeeured from interviews and only purports to give 
the area farmed for that yem\ 1896, and in no way covers 
previously irrigated a.reas nor the areas under the ditch 
development.a" is .likewise not clearly supported by 
the descriptions of his "district.811 recited by Follett.' 

, Dlltrld rw. 111, 1tPPII' ~. The Ma:lcm.l, or 8~ lillttlad cm the 
-c llmd iD WI ~ fmlll U10 io IIIDO 18lfll llllD• Wblll tile arable l:ffld Jl!l)blbly 
alJ!Omlt.l w onr to,000-. GD17 alMiat 8,800 la DDdtr ~. Muab of the 
bala.ut!9 llal bllm tilled m -s-111 tile pallt; bat as the land 111111 ~ JeNl. and 
IU bu J1U1e mmn.! ~ 11 ~ llhln'8, tbl, laTll!l -al wlltlr Ila mled It 
wl1h aJbll tmd l!IUC!I al u - ._. tl:vdmed, tbl-- lfmpl:r ~ bt.ak Gllto 
a llUlt lljper lfCWld, I~-~~. tG ad me io tile btllidtbat tha 
tota.l llGl'IIIIPl:lad Dad~ ID tbe ]llllt 11 ,an. 

Dim!d no. u, Jcmv ~- Wblle Ulan II fully 75,000 ..:nil of trtbJI land 
'lie ~ a tJi&u ar»fam'tll of W. ~, ii mldTlt.ad. Muell ~ 

red has bem abm&Ped and Ill IWlt' manb ll!ld, wllb wWI tlbll. 
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Secolld• Acres 
T!ma, 11.p N\,-· •r lmdlll' Acrm B.amark.1 to- otduc:,as feet Cl!l· deTelop- failed padty mezit 

11,00 _____ ,. 2'J 1537 -~ .. .............. Indian dlrtelopment. 
1700 ••••••• 81 1,445 '1'11,MO I11di&D With Sl)Ull&h, 
1800 ••••••• 70 I, 11118 100,880 -- ......... Above with Sl)Ull&h puts. 
1860 ••••••• 80 2, 06!9 123,au Natur&I IDcr-.. 
lllllO ..... __ 82 2, 1~ ~000 -- .. --..... Tramcolltmlmtal tn111o and 

Civil WN" cem&nd COin• 
pl9led developments. 

~······· 71 1, 'l7ll I0,000 7',IIOO Du to sllott water =· 
;;, 'QW table, d 
mp y oomJ:itltlon aru! nil-

labor IIIIIIIDCI. 
11110 ••••••• 79 2,121 '6, :rJO 7111,680 Fartur mottace ud further 

r1a1llC W"8W table. 
11118 ••••••• M l, 957 47,000 '17,800 WN"perlod. 
1112.'5 ••••••• GO 1, 8.50 ell,000 M,IIOO Estimatld Pffl'lll!Ut CODdltloD. 

1 Dtducedtrom W.W. Fullett'Ual)C)rt (IINtl.bleG). 

Hedke ends his analysis of the ea.rly figures in table 
7 with the remark that "the size and capacity of the 
ditches, even as existing in 1910, confirm the conclusion 
that the entire area. was in cultivation at one time, and 
not so far distant, as the ditches had not deteriorated 
to the requirements of the then cultivated areas." 
Yeo appears to have had a similar opinion, yet such a 
conclusion was not reached by Follett, notwithstanding 
his observation of areas previously irrigated and the 
excessive ca.pa.cities of ditches. Indeed, modem 
practice in most irrigated sections, including Rio 
Grande Valley, scarcely justifies the broad assumption 
that areas have been watered in the pa.st to the full 
extent of the ca.rryin.g cape.cities of their canals. 
Follett's notes regarding the more or less migratory 
nature of the agriculture along the river, as forced by 
:he ·.ieteriorntion )! ·,he ~cl. ~m. :o 1rovide_ ~he :more 
like1y expie.nation oi Lhe evidences oi prior exrensive 
cultivation, although he himself was outspoken in 
commenting on the effects upon lower imgato:rs of the 
rapid developments in San Luis Valley. 

While the early fa.rm statistics of the United States 
census were obtained under much difficulty, tJiey a.re 
of interest in the present discussion. No inigo.tion 
statistics were collected until 1890; but the 1850 
census enumerated only 166,201 acres of "improved" 
land in the entire territory, distributed among the then 
counties as follows: Bernalillo, 13,436; Rio Arriba, 
30 417· Santa Ana; 3,197; Santa Fe, 19,081; San 

I I _, , 

Miguel, 42,880; Taos, 10,469; V""'enc1&, 46,721. 

111 WI dil1:r1d ed In d1striet DD. l& mdellue ~of~ baYIDc bBI 1llllnl land 
DDdir ~atone Ume Uwi la nmr Wild. I am lllltllfltd ~ &be llbrillkqa il:I 
&Nl8 two dlmim II l'ull7 10 Pllll'C8Dt.tilelarpr~alItb411z111D dlmia& DO. l&. 
I WIii ~ 1:bl.& thll oon1:mctlcm of llNa oec,umid about 1880, • • • I !law~ 
ac!dad io cl!mlet H abclat l,IIOO llllnll prier to 1880 llld ,boot lliOO aena fGr llllO. 

Dllltrlatu, u, s-o. Tbffl!!aprob&bl7natmontb&ll20,000-otmlllelalld 
ID &bl wboll ~ or lliO mD,u from th111111011th of the l"ulffl> io Bu Maralal, ud 
at IJJla a &hall e,ooo .- ii tilled. The tTidlmm of tbe ~ iD tile,,. Cllhl· 
ft&ed 'hi hn p1am, and I ~ added to the 11184 M'l"llllllll l,ll.00 prim tG 1880, 
and IDIXllb &o mate II icaai of e,oon - ID 18IIO. 
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In 1860 a lower total, 149,274 (improved) acres, was 
reported, distributed by counties as follows: Arizona, 
12,216; Bernalillo, 121189; Dona Ana, 14,490; Mora, 
3,243j Rio Arriba, 28,077; Santa Ana., 4,947; Santa Fe, 
13,266; San Miguel, 21,550; Socorro, 7,175; Taos, 
9,777; Valencia, 22,344. (PL 1) 

The corresponding county distribution for 1870 was 
as follows, the total being l-43,007 (improved) a.cres: 
Bernalillo, 4 1966; Colla.", 2,817; Dona Ano., 17,184; 
Lincoln, 9,887; Mora, 20,503; Rio .Arriba, 6,721; San 
Miguel, 20,541; Santa Ana., 1,534; Santa Fe, 10,925; 
Socorro, 4,655; Taos, 33,686; Valencia, 9,588. 

The 1880 census figures were slightly mo:re detailed 
than those just quoted, as shown in table 8. 

TABLE 8.-Stafiatie& of a,riculture for New Me:zico, as reporud 
by the 1880 Federal cen,u* 

(In&m!J 

BermJUlo..... ••. . •••• •• ••••••••• ••••••••. J, 821 a, M2 1'11l 
Cm!u................ .... .......... ...... 61,006 117. M8 H, o:18 
Dona Ana................................ :z:i. 786 ,c,246 l,MO 
01"1,llt.................................... 6,2fi7 4,li71i 882 
UnoolD................................... 4,1121 4.Gl!2 lMI 
Mon.......... • • • . • •• . • • • • . •. . . . . . . . •• • . . . lS, 848 14. 700 4, HS 
Rio .Arriba............................... IA, 7112 17,007 l,GM 
=:~eL............................ 7kri~ ~~ aig 
8oeorro ··•·•••••·•••••••····•·•••••••••·· ~013 17. 802 8, 2ll Taos •••••••••.••••••••••.••...••.• ···---- aa, Mo 32,001 m 
Vale11cla.. •••• •• •• •••••••• •• •• • • • • •••••••• U. 2'8 9, n:? 2,121 1---,:----1----

Total............................... 237, $9'J I 190, 7M 44, tlZ 

Thus, assuming that the then counties of Bernalillo, 
Sooorro1 and Valencia included the lands in the middle 

.·?ortion ')f t,he-:tio Granqe Valley :::iow ·mder :::onsidera
\ion,. out rememoering that iliey a.iso mciucieci. other 
farmed areas, the 42,082 acres of improved land shown 
for them in table 8 is not inharmonious with the 34,370 
acres of irrigated land in the Valley between White 
Rock Ca.Dyon and San Marcial reported by Follett (see 
table 6), but falls far short of the 1241800 acres "under 
developmentn shown in Hedke's tabulation (table 7). 

The Federal irrigation census of 1890 rerorted, for 
1889, only 15,554 acres of irrigated land in the counties 
of Bernalillo, Socorro, and Valencia.. The total farm 
area in the three counties was 1731465 acres, of which 
approximately 37,600 acres was "improved." In 1899 
the same counties reported 28,511 acres irrigated and 
48,438 acres improved. The corresponding census 
figures for 1909 (including Sandoval County) were 
105,943 acres improved, 77,682 acres irrigated. The 
1919 figures were 114,990 acres improved and 68Jl01 
acres irrigated. 

For the counties above what is now Sandoval (that 
is, Rio Arriba, Santa Fe, and Taos) the "unproved" 

Bio Gra~ Joi'IIJ lnr,est._ 

and ''inigated" acreage figures reported by the cen:,, 
were respectively as follows: (The "irrigated" figures 
are for the. preceding c:rop years.) 1890, improv~ 
(approximately), 30,353 acres and irrigated, 14,' 
a.cres; moo, improved, 45,601 acres and i.rrigat .. 
35,914 acres; 1910, improved, 79,329 acres and irrigated, 
103,339 acres; 1920, improved, 114,561 acres and irri
gated, 116,225 acres. (Pl. 1.) 

Census figures from the 1925 and later canvasses, for 
both the counties involving the area discussed in pre
ceding paragraphs aDd the counties involving the Valley 
lands between White Rock Canyon and the C-0lorado 
State line are shown in table 9. 

TABLE 9.-Sekcted statutica of agriculture in Rio Grande l'aUey, 
N. Mu., from Teport., of the l.!nited Stat~ Cemus 

[In a.ans) 

(') 
64., ltlll 
:illl,474 
33.258 

137,974 

(I) 
&5,486 
14. 3116 
ll.M4 
87,300 

Oensusor-

lll:!O 

101, ffl 
64,310 
S.176 

1G. 039 
74,45Y 

119,IIM 
67,576 
7. 100 

14, &27 
68,919 

193.'5 

I 311. 021 
M.007 
43,832 
12, 11117 
Q, 021 

134,303 
'3.21l~ 
67,4811 
14,'°2 
91,4118 

While it is possible to make almost any showing de,. 
sired from the statistics in the preceding paragraphs 
and tables. 'Jiev disclose 'lJl :umroxin)ate 3.l?l"eemen~ 0n 

a.· total a.re'a which pr~u~ably. wouici oi itgncult~aily 
productive under favorable conditions of we.~ supply 
and drainage. Al though the census figures fairly well 
support Follett's acreage estimates for 1880 and prior 
years, and do not justify the 1850 n.nd 1880 estimates 
shown in table 7, they nevertheless are not absolutely 
inharmonious with those shown for 1896 and the later 
yea.rs. Thus if, in the 1925 summations, the crop land 
harvested, crop-failure land, and idle or fallow land are 
taken to represent the then crop areas, the total 
(91,500 acres) does not have to be increased unreason• 
ably from the "plowa.ble11 pasture to come to an approxi
mation with Hedke's combined acreage of 124,800 
acres in "acres under development" and "acres failed", 
and the latest figures provided by the census (1934} 
would likewise indicate a total developed area (115,000. 
acres) approaching the Hedke figure. 

In brief, these comparisons, including Follett's de,. 
scriptions, while not proving beyond question that any
thing like as much as 124,800 acres was ever irrigated 
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in n single year in the oren between White Rock Canyon 
nud San Morcinl, do appenr to support the supposition 
> t lands making up such a total have used water 
,ro1foctively from time to time iu periods recent 

enoug.b for present consideration. 
A similar somewru.i.t loose oondu,:;,i.on may be drawn 

from comparing the 1934 census total of harvested, 
foiled, and follow acreages in the Volley section above 
·white Rock Canyon (110,686 acres) with Follett's 1896 
total of 118,330 acres. Apparently the two Valley areas 
are of about equal weight as far as extent of agricul
tural development a.nd possibilities are concerned. 

In all the compilations, whatever the other indica
tions, tJ.1e handicap of short water supply stands out 
slinrply. This, therefore, is no new circumstance, but 
the census figures for tue 1934 crop year emphasize it 
strongly, since the areas of crop fnilure reported in 
both sections of the Valley were substantially larger 
than acreages of "irrigated land from which crops were 
harvested." Neither census nor other statistics a.re 
arnilable to disclose how the crops above Cochiti fared 
in 1935, but the Middle Rio Grande Conservancy Dis
trict mnde its first complete crop census in 1936, 
results of which were handed the Buren.u of Agricultural 
Engineering in adrnnce of the completion of the Bu
reau's 1936 tabulations of tile vegetative cover. The 
latter showed 59,159 acres irrigated. (See table 123 
end supplementary table B.) The acreages reported 

- the district are listed below: 
A.era 

Alfalfa ___ ----- -- __ -- _ -- . --- -- --- ----- 17, 125 
Small grains _______________________ . ___ • lfi, 477 

Corn.-------------------------------- 13,596 
Orchauh and vineyards _____ --- ___ . ___ - 1, 564 
Gardens_ . _______ •.• ___ ... _____ . _ . _ . _ _ '3. 990 

. ·:e;a :n~riow1 .snci ________ ----~-------- · J, ioo 
Miscellaneous ______ • ___ ._ •. -------- ___ · 5, 042 

Total--------------------------- 61,294 

Pertinent crop statistic,:; from the three most recent 
Federal census reports are shown in table 10. The 1929 
figures represent irrigated crops; the otilers, all crops. 

TABLE 10.-Selected crop atatistics for counties in Rio Grande 
l"alley between Colorado State line and San Marcial, from report& 
of the united States Cemua 

flne.ctes] 

Stat.c lln• to W hi1e W hfle Rock Cari yon to 
Roel< CaD}"On 1 San Marcial • 

Crop 

1921 llr.!ll 11134 11124 1929 11134 

---------
Bay crops .. ·········--- ........ f'I, 339 2:0, 433 21.~ 25,213 12,&7 17. 511 
Icwnes (priociPBll:v beam) •••. 11,070 "'30ll 3, AO:! 11,M:1 ll3i 2.ffllS 
Cm9.!.s, !nc:lnd~ 1.'A)m ••••••••• 20. 957 13,U( 23,809 ~018 l, .• 17.845 
V=J,,s, tncludlDll! potatoes .. CM 1,884 2,251 IIU3 1,621 2,251 
0 fruits, l;lllU, Uld ,·me-

1,642 ).1157 1.m 1,437 1,875 n,nla. ••••••• --····· -- --· -·-·- l..l!Gi 
Other crops .............. ----··· lU 113 MIS ff 47 831 

' Rio Aniba, Sant, Fe, Bild Timi Counties. 
~msllllo, 8-ndoval, SocorTO, and Yalemda Counties, 

2145--:!S--21 
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Middle Rio Grande Conservo.ncy District is closrly 
coextensive ll.ith the entire Valley area between White 
Rock Canyon and San Marcial, its upper terminus 
being Coch.iti and its lower terminus about 3 miles 
below Sa.n .Antonio. (Plates 13-16, incl.) 

C. H. Howell, former chief engineer of the district, in 
on article published by the University of New Mexico 
(83) in 1935 says thnt the organization o.nd construc
tion of tile district were o.ttributo.ble to conditions 
existing in the Middle Valley prior to 1930, when con
struction of the system was started, as foUows: 

I. A water-logged or seeped condition of about 85,000 acres 
of lands which were formerly cultil'ated. 

2. The dangers of flood damage from the Rio Gramlc and its 
tributaries. 

2. An obsolete and inefficient irrigation system. 

The following paragraphs represent a condensation 
p,.nd rearrangement (by the Bureau of Agric.ulturnl 
Engineering) of Mr. Howell's description of these 
conditions and the means n.dopted for their correction: 

For the portion of the river below Corrales the river bed is 
in most cases only a few feet lower than lands on either side. 
In the Socorro Division it ia actually higher than the farm lands 
west of it. In times of high water the tendency is for the flood 
waters to eeek out the low plaees and form entirely new channels 
through the farm lands and villages. All Albuquerque, 11ot 011 

the mesa, is built in the flood water channel of the Rio Graude. 
To remedy this condition a system cf intercepting drains 

wa.s laid out near and parallel to the river channel. These 
drains are some 10 feet deep at their upper ends and are built 
on a gnde flatter than that of the river itself. They end in 
practically no cut and the water surface in the drain meets the 
low-water smface elevation of the river. 

These riverside drains overlap; above the lower end of one 
drain another is started. so as to <ira.in the a.res ..,,,hfoh ·,.-ould :1at 
:;e l.d'eci;.eci jy :ne jrst ara.m '.:ie'~ab.se :bat" drain :s there no lower -
than the river. To drain the interior low-lying areas, interior 
drains were dug. These are located, in general, through the 
lowest lands and discharge into the riverside drains. 

The material excavated from the riverside drains was used 
to form levees. Thus one handling of the material produced 
both a levee and a drain, The levees are from 8 to 10 feet high, 
so spaced as to pass 40,000 aecond•feet of '11:&ter at the upper encl 
of the district and 50,000 at the lower end. Those immediately 
adjacent to Albuquerque have been raised and are designed to 
handle about 75,000 second-feet. Considerable straightening of 
the river by cut-olfs has also been done. Levees built total 181 
miles, and about 40 miles ol pile and wire protection have been 
installed. 

At the beginning of the investlgation of this project the Janel 
wu aerved by 00 irrigation ditches, all primitive, generally small, 
and without permanent diveraion dams or adequate he&dworks. 
Their structures were madequate for economical distribution 
and uee of water. However, before the Rio Grande became in 
reality a.n exaggerated arroyo, the old primitive ditches were 
ma.de to eerve. All the river channel filled, the difficulties of 
operating the ditches inereaeed rapidly. For instance, in many 
cues, it was necessary each year to construct long diversion 
dams of s.arid, to corr&! the low flows which formerly ha.d come 
direetly into the heading but then wandered through the sands 
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of the river bed. After each little flash flood these sand dams 
had to 1,e replaced. 

Because dillerent communities could not agree among them
aelves, numerous canals ran parallel to each other for miles. 
Each mile required it.a separate maintenance ud cleaning. The 
owners of each ditch aought to get sl1 the w11.ter in time of short
age and keep others from p;:etting theirs. 

A new imga.tion 11yatem hu been built, but the old system has 
not been entirely abandoned. For convenience, the diatrict has 
been dh"ided into four construction and operating di\'isions: 
Coehiti, Albuquerque, Belen, e.nd Socorro. Each has its own 
diversion dll.lll, main canal or canals, new lateral system, and old 
ditches, which have been rev&.mped. 

El Va.do dam and reservoir is eornridered I\ fifth division. The 
dam Is built across Chama. River ill Rio Arriba County, about 
17 miles west of Tierra Amarilla. It is a. gravel embe.nkment, 
1,300 feet long e.nd 180 feet high, with upstream slope of 1~ to 
l protected by a ~-inch irteel plate. This face plate connects 
with vertical concrete cut-off wall, which is carried down to 
solid rock. The dowuatre&lll slope is 2 to l and is formed of 
boulders and loose rook. The spillway is an open steel-lined 
chute, placed in a shale .e.nd sandstone cut which is 80 feet deep. 
The spillway is controlled by a.n automatic radial gate 23~ feet 
high and 36 feet wide. The outlet works consist of a 7S--inch 
steel µenstock plAced in the 12-foot diameter diversion tunnel, 
and controlled at its upper end by a butterfly ve.lve and at its 
lower end by two 48-ineh balanced valves. 

The spillway has a discharge capacity or 20,000 second-feet 
before the dam is overt.opped. The outlet works have a. maxi
mum capacity of 1,500 second-feet. An a.u.xiliary &pillwa.y or 
blow-<:Jff plug is formed by means of a low dyke which closes a 
saddle in the right rim of the 1'e&ervoir. The top of this dyke is 
1.5 feet below the top of the dam, so that before the dam can be 
overtopped, 1.5 feet of water will pour over the dyke &Dd wash it 
out. It is estimated that when this spillway blows, 50,000 
second-feet will be discharged. The storage capacity of the 
reservoir is 200,000 acre-feet. (Pl. 1.) 

No such elaborate corrective construction has been 
undertaken in the Valley sections above Cochiti. 
r::iere. :.ile ~'. ~30 ·'..rriga tion · .~ensus. ili.wd -: : irr..gatiori · 
storage reservoirs with a total capacity of approximately 
40,000 acre-feet (not including the El Vs.do storage, 
of course). No irrigation wells, either flowing or 
pumped, were reported. The 1930 drainage census 
reported no organized drainage enterprise in the three 
upper counties. 

Pueblo Irrigation 

Not to be overlooked in any presentation of the past 
and present status of irrigation in Rio Grande Valley 
is the story of the Indian pueblos. Such a description 
was contributed by Gen. H. F. Robinson, then super
vising engineer of the United States Indian Service, to 
Hosee.'s 1928 report (32), and quoted by various other 
writers. It is again :reproduced in the following 
para.graphs a.nd table l l, being considered generally 
pertinent to the present circu.mBtances notwithstanding 
various development.a (such as the creation of Middle 
Rio Grande Conservancy District) since its prepa.
ra.tion: 

Rw Grande Joint In.vu: 

The water rights for the Pueblo Indians of New Mexico 
the old'1111.. on the i:.io Grande and ita tributaries., and the l'ni1e,, 
Sta.tea d&ims priflrities for weh rights over any other cl,· 

whaiai:lever. 
When the 8-pt!.Diab Conqu.ista,dores first arrived in thi.i; CO\. 

they found the Pueblo Indians diverting water from the streams 
and cultivatiq; the ftripted lands. Today tbe Indians are 
doing this, very much a.a their forefathers did it, using the same 
geneml methods, diverting the water in the Bame ditches and 
irrigating the same lands as in 1540. The Government, through 
the Indian Service, has assisted the Indian in improving his 
ditches and providing structures for the diversion and control 
of the water. 

From time to ti.me, beginning almost as soon as the crown of 
Spain go.ve specific grant!! to the various Indian communities in 

the ye!l.1' 1692, non-Indians have gained a foothold on the grants 
and have aequired certa.in rigb.ita of oeeup1Wcy and possession 
both of land and of water with which to irrigate the lands. • • • 

Inumuch as until the title to the lands and water are extin
guished as to the Indians, they may still be considered as Indian, 
and a statement as to the area of land occupied by the non
Indians have been included herewith. 

There is presented in tabular form I\ list of all of the pueblos 
showing (a) the source of water, (b) the number and (c) the 
length of their canals and (d) a.nd (e) the acres of lAnd under 
canal on th~ grante for which water is claimed. The list does 
not include figures for the non•Indi.a.n lands on the Santa Clara 
Grant. 

TABLE 11.-lrrigabu area3 under canau of Indian puebloa in 
Rio Grande Valley, N. M,:r,. (ofter Robinaon) 

Jln •Ct"ts] 

Pueblo Source ol water 

lrripblr 
WldeJ"' 

Num• Total I .,,_ i. 
ber langth n.,,.J:1.9 Indians 

_____ ,_..._ _______ 1---1--- ------

Acoma •••••••••• 
Cochitl ••••••••• 
Jaleta .......... . 
1emu ••••....... 
~ .... ~ .. :. 
.'lamw .••....•• 
Picurill •••.•••••• 
Sandia •••.....•• 
811D !l:l!ilpe .••••• 
8aD DliefOD.SO ••• 
8aDJUG. ••••••• 

Rio 81/.ll Jo,e.... ••• • •••••••. •• 5 17 IIOO None 
Rio Onmds.. •..••• ••••. •• ••• • 2 10 l, 800 6G3 

do........................ 4 216 6,3S2 Jl'II 
Rio Jemez..................... 5 1:,il, 5 \ 600 m 
:llo au: :o.s<! ... ....... :........ -'.! ~ J •• ..::0 .,,;one 
3.!0..'<IUllDO ......•. ·.:......... } >:.; I :,;90 ~sii3 
Rio Pueblo................... 3 2, 7 l51i 2,«10 
lUo Omide................... I 8 3, H5 I, 132 

do........................ 2 18 4,116 17 
Rio Pojoaque... ••• .••••••..•• a 4 326 1, m 
lUo Otallde................... I 12.1 887 BIIO 
Rio Chama.................... 2 ........ 130 000 

&nta Clara. .•••• Rio (11'1,l!de................... l '1. 6 $1iO (') 
Banta Clara Creek............ l 2 (IJ._, 

Santo Domingo. Rio O!'Mde.. ••• . . •••••• •••••. 2 17 4, M5 ..,. 
Banta Ana...... d.o........................ l 5 1,:tl6 110 
-r-. ...... ..... Rio Lucero a!ld Rio Pueblo... 2ll 2f>. a 6,400 U.51l 
'hluque. ••• •••• '.Rto TBSU(l.118 •••••••••••• •••••• 4 A. 3 811 93 
Zia.............. Rio J!IIDlez. . • •..••. ..... ...... 1 IU l, 2211 None 

i--,---t---i--+iia~~3! ........................................ ········ ·~~ ig:~ 
00!7. 

1 Umown. All the irrlpble land on tb1 mm of the river, the - lll'Ound 
GudluJ)&lll1JII (trom Banta Clara Cl'llillk) and Espuo!a lllld nort.ll has hem lost to 
tho lndl8.llll. 

• Bbo-wn by Roblmmn as 27,810. 

The agricultw-al use o! these pueblo lands is illus
trated by tables 12 and 13, which comprise data sup
plied by the Bureau of Indian Affairs. Table 12 :repre-
senta the year 1930 and five pueblos only, these being 
the only data a.long the lines shown which are available 
for the group. Table 13 is more comprehensive in 
providing a record of cropped acreages over a .l r -

period for all but one of the 18 pueblos listed. 
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'"!' 1 l<l.E 12.-Arecu aupplied with water from Rio Grande and 
,ri/;,,taril"l! by Pueblo buliani in Jl.fiti1llr Ri,, Gran,k rm,

!'l"l't1ncy dialrict, 1,930 1 

1111-J 

ltrip!)le area J Unlrr/fable I 
lU'llll 

Imaa.ted from I Usina su~ 
imtace and Ill 

mbsutf&llll 1111urces water o Y 
Pueblo t - "" 

,::: 

~ 5 ,$ 

"" "' "" .. - ~ .8 i t • ,$ .. i::."' ; ,. E-:i t "" .2 ;; 

' 
.,. ] e : ~ i 

-,- .. .. • ii = e u 0 a, ~ --------------
CochltL •••••••••••••••. ..«9 3T.I HZ! 2211 394 0 332 IMICl 2, 4M 
Sallto Domilll(() •••• _. __ 1140 7S7 l, GG7 401 1,124 151 li05 800 4,MB 
Sall Felipe. __ .•••..••.. 1,168 338 1,506 349 Ma 2fi 225 1,180 3,821! 
Santa Ana ••.••••••••••• GU 0 OH 192 278 23 276 .00 l, 6'2 
&ndla •. -·-············ «JS 42 740 I, 107 11'~2.!i HM 171 350 3,llll, 
Ii.let.a ••• ------··--···· - - 2,642 ~ 3,'67 1,397 828 tl 300 1,410 7, 

1 Dlstriet r[&hts-o!-,ray are not lllcluded. 
• Used little water after lll30 became tbe laud wu drained. 

A reasonable representation of the agriculture prac
ticed is provided by t.he 1936 :records of Taos, Acoma, 
Cochiti, Laguna, and Picuris pueblos. These, consoli
dated, show a total cropped area of 4,290 acres, distrib
uted as follows: Alfalfa, 11007 acres; beans, 39 acres; 
chili, 7 acres; corn, 1,977 acres; other cereals, 1,017 
acres; native grasses, 13 acres; orchnrds and vineyards, 
97 acres; gardens, 133 acres. Thus corn and other 

~a1s constituted 70 percent of the cropped area, and 
lfo 23 percent of the remainder. 

Lower Valley 

Although without as long an agricultural history, the 
'7allev Yeas 'Jelow San )1farc:.al :iav~ J.ad :arming .~hnr
il.Cteri.stics sim.:iiai w .hose oi ;;he },Jicicile Valley: The 
modernization process now going on between Cochiti 
and San Marcial at the hands of the Middle Rio Grande 
Conservency District is not unlike that u.ndertaken 
only 20 years ago in Mesilla and El Paso valleys through 
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the mcdi11m of the United StntNi Bureau of Rt>dnnrn
tion. 

Follett's investigation preceded the creation of the 
Bureau's Rio ~:rande project by a considerable prriod 
but paved th!:! way for it i~ ways the recital of which 
is not essential t4.; th.is discussion. His acreage tabu
lation continued below San Marcial and ended at the 
pass above El Paso, so including the area now sub
merged by the storage behind the Elephant Butte Dam, 
the two small val.leys (Palomo.s and Rincon) between 
that structure ond Selden Canyon, and Mesilla Valley 
complete. He discussed the agriculture of El Paso 
Valley but presented no statistical history of it. At 
the time of his survey, what is now Hudspeth County 
was a pa.rt of El Paso County. The present Hudspeth 
Conservation and Reclamation District of course did 
not then erist, its creation (1924) postdating that of 
Rio Grande project by several years. 

FolleWs descriptions of the nreas between Snn Mnr
cin.l and El Paso were as follows: 

District No. 18, Rincon.-Dilltrict No. l6 extends from San 
Marcial to old Fort Selden, at the upper end oftbe Mesilla Valley, 
aud I have named it the Rincon district. Just below &n Marcial 
the river n:inge to the westward, running around Fra Cristobal 
and Ca.hallo Mount&ine, which form the western battlements of 
the Jomado del Muerto. The bluffs are near together and leave 
between them only small valleys until the river turns eastward 
again around the Ca.ballos, toward Rincon. There the valley 
widens and four.fifths of the tillage in the district is found in an 
almost solid body, which is watered by two large ditches, the 
Colorado and Loma Padre. 

This country was overrun by the Apaches until about 1860, 
and no settlements were made until 1862 or 1863. Then part 
of the small upper ,·alleys were occupied, and a few years later 
·he :awer lnd "srger- valleys '\'S.S ,,ett!ecl"lnd :he Coioradu 1ite:1 
Dmft. About 1884 some people took up the remaining small 
,·alleys. In J 892 a large oumbe.r of families who ha.cl becomf.' 
disheartened by the continued failures of crops in the El Paso 
and the lower end of the Mesilla valleys left that country and, 
moving into the bosque above Riucon, took out the Loma Padre 
ditch, inigating their first crop in 1893. The colony is now 

T.t.l!LE 13.-Cropped areaa in Indian pueblos along Rio Grande and lribwmea, New Mexico, by years, 1917 to 1936 (ezcepl 1919, 1910, 
and 1955) · 

11n-1 

Po- 8&11 811,11 ll- San S11Dta Santa Santo Tmu-Year Taos Acoma Codllti Islet& 1- tq,ma. N&mbe Plaw1I JoaqueL Sa.ndla Fe.Upe defomo lllall Alla Clara Do- que Zia 
mluco 

I-----------------------------
l9li ______ •••••.••••• 2,470 674 312 8,800 2. OQ() r:~ - r,~ .. -~- ~ ~ ...... (') 

(~ 
176 4841 (1) 412 IIOO 320 232 

1918 .• --- ----. ---···· a,213 (') 402 2,099 2.080 (lib __ ............ D (I (':k 412 ~ 606 800 (') 2t6 
l~L •• ___ ••••••••••• 1,1188 (I) 129 !') l.446 l) l:U ....----.... (1) 696 (l) 347 (') 282 445 11122. ________________ 

(') 887 It! ') 1,473 1.llU7 224 l:k __ ............. 862 8111 173 C.I 800 301 . 731) Z2 143 
11123 •••••• --··. ···-·· 1,622 ffl 387 l. 7ll0 l,M)O Im 117 l:ll .... ~---- ... ffl an :m 223 063 382 &7 H2 .. 
]!124 __ .• ----·· •• ···-· ~~ Ml 383 2,1!100 1,528 801 2311 (')90 _ .............. Im 916 238 817 m 472 4113 ll08 -11125. _ .• -· ------. -- -- 11183 334, 2,52.!i J, 55ll - 317 .............. ___ - 815 :m 1187 IU2 - 8'11 ll08 1189 
11126 ••••••••••••••••• 1.,171 1!1113 m 2.400 1,'66 (I} 81 105 .. .. -.......... m 1, 11!8 81 800 1,003 2M 755 81 lll!l6 
11127 __ ----··· --·-···. l,a,J8 - (l) 2,Q l, t-07 1,448 116 105 __ .......... __ . m 1, 11111 100 418 l,010 U.ll (1) 101 29'l 
11128 ••• ··--·--·-····· l,CII 6116 - 2,400 l,M17 1,11115 11! 108 ...... -----.. 713 l, lml 100 473 074 232 l,Ul 98 292 lffi ....•.•••••. _____ l,D (Ila, 486 1,880 l,W ~~ HO 75 __ ............... m l, lM 180 063 1,003 1167 l,050 118 115 
11ll30. ---· --·· -------· 1.%11 G4V 2,842 l,GV 117 112 ...... ------ m 1.1118 1112 888 1,003 336 1MO 131 U) 
19lll ••••••••••••••••• l,l&ot ffl ffl 2,705 l,Ol5 l.,Ul M 78 .. .. -- .......... 11111 1,118 H8 878 400 2'l.l l,tiO!l let JIJO 1m _________________ 

l, 9841 749 68' 3,04,0 1,13' l,Mll ffl 112 __ ........ _ ... 1171 1,012 m 7118 a87 387 1,m 197 1M 
!mlll ••••• ··-····-·-·· 2.IICl8 - a 2, l>MI 1,131 l, 11187 283 17i .. ~------ m l, 1178 :11113 671 fl08 kl l, IMl6 :m M3 

1. 8Gll - - 2,435 1.001 l, IIOI 191 134 --~ .............. m l,030 181 8:18 M2 212 l, 179 217 ltlO ____ ... _ ............ ___ 
(') 1,330 (I) l8ll (') (I) (') (') (') (') (') lllO (I) -------------- 1.a - G\111 (1) --------
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flouTishing, having Taised a good crc.p in 1896 from an area of 
about 3,600 acres, all of which has beeu reclaimed from the bosquc 
in the last 4 years. 

The water supply of district No. 16 is rather· precM:iom, but 
the inigators are akill!ul and crop!! ere raised llitb a small amount 
of wa.teT. 

Diatrict No. 17, Muilla Valley.-The Me.ailla Valley eiiend& 
from old Fort Selden to the pass, some 5 mile11 above El Paso. 
Together with the El Puc Valley below the pa.s11, it forms the 
most fertile area along the whole river. The altitude of the 
Mesilla Valley is a little under 4,000 feet. The climate is warm, 
and fruit of remarkably liDe flavor is raised in abundance. 

I could not learn, however, that the valley wu settled at an 
early day. Dona Ana wu in existence in 1846, but waa then 
new. It is probable that the Apaches prevented earlier Spanish 
or Mexican occupation. 

The valley filled up rap.idly after 1S46. In 1S65 some 35,000 
acres weTe in cultivation. In that year the river made a change 
of channel, breaking up the ditches, and the acreage decreased 
somewhat. The year of 1879 was one of poor water supply. 
As a result of this, the Pica.cho ditch, watering some 2,500 acres 
west of tbe river, about opposite to Laa Cruces, was abandoned. 
A con,uderable area under the Dona. An.a. ditch was also soon 
after abandoned, the land wa.tered by it decreasing from 7,000 
acres in 1882 to 4,600 acres in 18S8. All of this 2,400 acres 
still remains idle except some 800 acres, which a man named 
Schiller hu colonized a.nd is irrigating with water pumped from 
wells. This area is not included in my estimate of acreage. 

In 1884 a severe flood irta.rted another change of channel near 
the lower end of the valley, and the high waters of 1885 a.nd 
1886 completed the work. This change of channel cut into 
several pieces La Union ditch, pre,·iously watering some 4,000 
acres, and caused the temporary abandonment of nea.rly all of 
the land. In 1892 the people took out a new ditch on the east 
aide of the river, the old one having been on the west aide, and 
are now reclaiming and cultivating their old land. 

The changes of acreage since 1880 have beeo so many ill the 
Mesilla Valley that I appeod to the list of ditches for the district 
a table showing the probable acreage watered each year since 
1880 by the individual ditches. 

·~ Ts.ole l 4 ;nows F,}ilett'.s ~stimaLes •)I 1c:reages ~.rrl
gated between San Marcial and El Paso for the years 
ending with 1896. 

Follett's description of El Paso Valley (the Texas part 
of which roughly corresponds to the portion of the Rio 
Grande project below El Paso) was as follows: 

This valley wa.a occupied by the Spaniard.a over 300 years ago. 
In 1600 Paso del Norte (now called Juarez) was an important 
town, and records &re in existence over 280 years. old which refer 
to the Acequia Madre of Paso del Norte a.e being then in use. 

Owing to the limited time at our disposal, a.nd also to the fact 
that the use of water which had supposedly injured this valley 
was all, of coune, above it, we did not extend ouT detailed exam
ination below El Paso. From all I could learn, however, from 
old inhabitants, I should judge that in former years some 40,000 
acres of land were tilled in this valley, more than half of whlch 
was on the Mexican aide of the river. • • • 

• • • I am unable to give you an estimate as to the acreage 
now cultivated in tlw va.Uey, but can safely say that it ia con
siderably lea th&n the amount formerly tilled. • • • 

Previous discussions in this report have shown early 
Federal census statistics for Dona Ana. County, which 
now includes the greater pnrt of the area in New Mexico 

Rio Grmuk .Joint lrwestiga, 

TABLE 14.-Areaa irrigal~ in Rio Gmude d:r~:,e oo.nn frrm, 
San Marcial, N. Mn:. lo El Pa&v, Tex.,~ ~ed by Po-Ut>tl 
(~) 

Yea1: Area 
PrioT to 1880 __ •••••.•.•• __________ 37,350 
1880. ___ .• _. _. __ • - - - . - - - - - - - - - - - - 34, 850 
1881 - - - • - • - - - - - • - ••• - - • - - - - - - - - • - 34, 850 1882 _____________________________ 34,850 

1883. ___ ... __ .. __________ •••• ___ • 34, 450 
1884 ________ . ___ ...... _____ • _.... 34, 300 
1885. - - •• _. _. ____ . _. _ ........ _. - • 27, 690 
1880 _____________________________ 27,290 

1887 - - . _ ... _ .. _ ....... __ . _. __ . _. _ 27, 340 
l 888. ___ ..... _. ________ ••.•.. _ _ _ _ 27, 440 
l 889. _______ ... _ ... _______ ..•• _ • - 27, 590 
1890 _ .. - ... - .. - ..• __ . __ . _ •.•• _. _. 28, 140 
189] _____________________________ 28,190 

1892 _ • __ . ____ .. _ ...... _____ •. _ . - _ 28, 990 
1893 _____________________________ 30,390 

1894 ___ • _ ••••• _ •• _ •• _____ .... _ _ _ _ 32, 490 
1895 _____________________________ 35,600 
1890 _____________________________ 36,800 

below Elephant Butte Dam. Ignoring changes of boun
daries, they were, for improved land in farms: 1860, 
141490 acres; 1870, 17,184 acres; 1880, 25,786 acres 
(24,246 acres "tilled, including fallow and grass in rota
tion, whether pasture or meadow", and 1,540 acres 
"permanent meadows, permanent pastures, orchards, 
and vineya.rdsn). In 1890 a.pprmrima.tely 15,550 acres 
was reported as "improved" in Dona Ana and Sierra 
Counties. The two counties reported 29,906 acres im
proved and 191890 acres irrigated (in 1899). Corre 
sponWllg figures for 1910 were 37,415 acres and 35,86ft 
acres, respectively; for 1920 the acreages were 49,876 
and 60,756. The census total for irrigated land in the 
two counties in 1929 was 81,726 acres; in 1934 the cen
~n"' ·<>uor+Pri q- :'SJ;-; 1c~es :,.., :,:....:,,.,.~~ti , ,,,.,d from ~-..,;cb · 

~- '":. ~··~ • , .: "'.~ .. :- .... '..} -', ~ -4..,_--::,-L-t: ~ "'"""r""' -- ~- .... 

crops were .b.arvested." 
The early census figures for El Paso County farms 

were as follows: 1860, improved land, 4,456 acres; 
unimproved, 7,150 acres. In the 1870 census report, 
only 50 acres of improved land is shown. In 1880 tbe 
"improved" total was i4,024 acres, comprised of 10,587 
acres "tilled, including fallow and grass in rotation 
whether pasture or meadow", and 3)437 acres "penna.
nent meadows, permanent pastures, orchards, and vine
ya.rds. n Texas was not included in the 1890 and 1900 
irrigation censuses, but in 1910 El Paso County reported 
16,772 acres of improved land in farms and 23,308 
acres irrigated (m 1909). The corresponding 1920 
figures were 30,119 acres and 20,259 acres. The irri
gated acreage for 1929 was 65,442 acres, and in that 
census Hudspeth County reported 14,010 acres irri
gated. "Irrigated land from which crops were har
vested" in 1934 was 51,518 acres for El Paso County, 
and 12,093 acres for Hudspeth County. 

Bureau of Reda.mation estimates for areas irrigated 
in Hudspeth County for the years 1920 to 1926 axe ai 
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TABLE 15.-lrngated area3 in Rio Grande projecl, New Me:i:ico, and T=, aa repcrte.J by Ltnited Stu.tu Bureau of Reclamation, 19tt to 1935 

llll acl't'lil 
-

New MuJm ll'T!pi.od are,, 
! 

Tens ll'Tlcal.ed """' I I 
Rio 01'8l>d• project lrri&'atlld ,...,,.. ·- M!soel· I Not 

i I : I l I i : I 

~ ! • r :-: .. ' • ~ , . . ;,..:..1:teele I Not 
All'all'a Catton 

11122 ..••••.•••••• 18, &46 2,1133 
ln:3 ....•••••• - .• I!. 7118 12,'.lSl 

!~us m,pped 

~~, 3,m 
16,652 4,014 

Tol.;J I ''"··- Co<,·· 1 ·~- -- .,c. '""'" """" -... .;,,., 

t8.1196 J 14, 700 7, 27R 11. 119 2. 003 35,224 33,312 II, Q09 35,822 5,177 
62.4J5 12,932 11,m s.M6 1,383 311,1156 31,100 30.096 ~100 5,377 

To~l 

84, 
92, 37 

220 
l 
l 
l 

11124 .•••••••••.•• Kc.Cl n,m 
38,000 

12.1142 5, 3YO •~ m~ am e,~ ~~ •~ •m am~- ~m 115, 99 
87,458 10,0lS 42,03 6,201 5,821 113,453 23,159 81,373 li,267 9,ll2 llnS ............. 13.141 12.000 3. 2111 1311, 9] 

1925 ............. H.1152 tl.004 13. 953 6,995 77,464 ll.181 41,473 5.135 &,6i0 65,QhQ 2.5,833 83,337 196-SS 13,ll!15 
;,. 042 1J. 500 as, ti&\ D, m J, 1!83 Ila, 511° 21!, eoo 7!1, 915 zs; 126 3. s22 

142. 5° 23 
3 
4 

um· ............. 15,140 40. 2211 16,534 2,139 
11128 ............. 10,1129 ~.048 10,334 l, 351 ~~ ~m •rn ~~ 2.m •~ •~•~um ~m am ~~ •~ ,~ ,~ •ffi ~w •w ~~ ,ffl 

13;, 55 
143, 32 

111211. •••••••••••• 11,236 86,942 9,754 843 144,19, 
1930 ............. 13,730 50, 6!0 13. 267 842 78,449 11,004 44.25! $,IHI 4,058 ff6,l.58 25,034 114,,865 19,208 4,fj()() lU,00, 

'3,112:? 1,579 '111,214 12.?53 39.416 7,S73 ~.333 65,075 28.7'10 83,338 25270 6,912 1931.. ........... IB,017 . Ji', 8,9r, 144.:l'fl( 
1932 ............. 15.11188 40, llO :11,520 1,684 79, 30'.l H, 792 30,941 I!, 175 l, 23-1 58, JU 30,780 71, 0511 3i 695 2. IIIB 137,W 
1933 ............. 13.000 40,140 23,895 I, 5112 '/\l.557 12.712 32.514 13,28~ l,ll.~ 59,IW9 26.672 12.65-4 37 183 2.697 

72, 3& 13, 00, 30, 03.I l l. ll&S l, u.7 511. 707 27,276 63,918 32'. 6:!!i ~- 270 
' 139,200 

11134 ............. H.269 33,880 20,643 3.593 I 121J, 01)2 
193.5 ••.......•••• 12. 326 32,004 17. !:1§7 4.{JOI, 65, W 13,910 28J>40 10, fl9l l, 400 M, 11.'ill 26, 2311 60, &44 27, 77ll ~- 4!7 I 1:!fl. o,., 

4-4,Sl3 78, ,u H, s22 36,832 s. no .z. 994 oo, 3li8 :lO. 300 s1, :i.s 20. ooo 
1 

7, 1s; 
1 

!llOO ............. 15, 47S j 14,200 ', 163 JltL ~02 

; Cropl)ed lll'M includes l3.D38 ams or cotton th~J 111"111' plowed up after having beeD pfanted. au result nH. S. Go~ernment cottnn wJ;,,non prol!fll,m. 
:18.000 rcres ol cotton IB!ld ranted to U.S. Oo\'ernment under cotton reduction program; of this area 11,946 ncre, wa,; 1>lAlll.ed in olher eroi» ond the remah,d~r wa.< lelt ldle. 

• 211,8113 a.:n.• ol ootto11 lllnd rented kl C. S. Oo\'ernmw.1 WJder cotton reduction program: of this a.nn 9,ll!a =es 11.·115 planted to other crops and tbe remainder Jell out ol 
production. 

follows: 1,011 acres in 1920, 1,120 acres in 1921, 6,153 
acres in 1922, 6,126 acres in 1923, 8,964 acres in I 924, 
10,800 acres in 1925, and 12,540 acres in 1926. 

Irrigated n.rea statistics for the Rio Grande project 
have been assembled yenrly since 1922 by the Bureau 
of Reclamation, and figures pertinent to this discussion, 
as supplied by Project Superintendent Fiock, appenr in 
table 15. 

Especially notable in table 15 is the stntistical history 
• cotton and alfalfa, the heavy preponderance of those 

,ps in the project's agriculture, and the agreement of 
...o.eir acreage figures with the corresponding Federal 
census figures. The alf alfo. acreage hns been fairly 
constant, but the cotton acreage, while in 1935 sub
stantially lower than its 1930 peak, hns assumed an 

.• 1d-;a.nceci :ea.cl ::,ver 1il Jthe:r ~rnps .;ince is :ecent .i::,cen.r 
as 1922. · In fact, only 5 years before that date cotton 
was unimportant in its proportion of the project's 
cropped acreage. While showing by no means the 
stable position held by alfalfa-its fluctuations being, 
in fact, emphntic-eotton, nevertheless, has been the 
project's characteristic crop for the past dozen years, 
and while the alfalfa acreage supports n local hay and 
dairy industry, much of it now has its prinripn.l im
portance in the crop rotation program built a.round 
cotton1 and its migrations have accorded, in some 
degree, with those of cotton. 

The close agreement between Bureau of Reclamation 
acreage statistics for Rio Grande project and census 
figures for Sierra, Dona Ana, a.nd El Paso Counties 
appears in the following comparison. The figures are 
acres. 

.As in the case of the Rio Grande project, the pre
ponderant crop m Hudspeth County is cotton. Thus 
three-fourths of the 1934 acreage in ''irrigated land 

n which crops were harvested" (12,093 acres) was 

C'rop aod source or dala 1924 1929 IOU 

C('l/on 

Bute:Ju of Rl!Clamatio11 ....................... .58, i2l 105,425 ea,918 
llww.m or the Census ......................... 02.019 )07, 53~ M,:?31 

Alfalfa 

Jlureau or R«·Jamation .•..••...••..••••••..•• 25,452 20. :m 27,276 
Bure3u of the Census ......................... 25.634 2'l. 5fl 25, 63~ 

in cotton; 10 percent was alfalfa, and most of the 
remainder was in other hay and forage crops. In 
1929 almost tho whole irrigated acreage wns in cotton . 

Irrigation Works 

The irrigation plan of the Rio Grande project involves 
the ,tor[lge )! :fooci -;vater;3· Ji ~he 3io ~ramie :n J. 

reservoir controlled by Elephant Butte Dam, about 12 
miles west of Engle, N . .Mex., and the diversion of 
wnter from the river about 24 miles below for watering 
lands in Rincon Valley; about 60 miles be.low for the 
irrigation of the upper Mesilla Valley under the Leas
burg diversion dam; nbout 80 miles below for the 
irrigntion of the lower Mesilla Va.Hey under the Mcsillu 
Dam; and about 120 miles helow for supplying water 
to fonds in El Paso Valley and furnishing 60,000 acre
feet per annum for use on land in El Paso Valley on the 
Mexican side of the river. The United States claims 
nll waste, seepage, spring, and percolating water arising 
within the project. All irrigation works required for 
Pnlomas and Rincon vaJleys were new; those for tlic 
Mesilla Valley include a diversion dam and several 
miles of old canals, as well ns a diversion dam 53' miles 
southwest of Las Cruces and many miles of recon
structed canals leading from it. The distributaries in 
El Pa.1110 Valley likewise supplemented and improved 
previously existing canals, (Plates l, 18-21, incl.) 
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Under construction is n. new storage unit below 
Elephant Butte Dam, which will submerge the area 
now farmed between the dam aite a.t Ca.hallo and 
Elephant Butte Ih:ml. Caihdl;o. Dam :b111S ~Bll :pur
poses in addition to that oC storage o! preciously un
controlled ftood we ters, among them being regulation 
of present storage to the possible future extent of per
mitting the use of that storage for power development. 
(Pl. 18.) 

Also about to be constructed is a new diversion dam 
above the present international boundary dam, and 
the necessary appurtenant canals, by which the 60,000 
acre-foot delivery to Mexico will be made more accu
rately than is possible with the structure now used. 
(Pl. 20.) 

An extensive system of drains was constrncted 
between 1916 and 1920, to serve practically the entire 
area. Drainage and waste waters leaYing the project 

Rio Gramk Joim lnvern 

a.re delivered to the Hudspeth County district, c~ .. 
stituting the principal ag~lt~al 'LW.pply for tho t. 
enterprise notwithstan.dmg iliem' high salinity. (Plate" 
19-22, iaelJ 

An elabore.te channel-st.raighterung prog1am betw~ 
El Paso and Fort Quitman, in progress for several years 
under the direction of the International Boundary 
Commission, is expected to be extended to the Mesillo. 
Valley section. ln the section below El Pa.so this will 
involve some shifting of jurisdiction between the two 
nations, and has already had the effect, although in a 
:relatively unimportant degree, of removing or with
holding certain lends from productive use in order to 
facilitate the Commission's operations. This status is 
temporary, the expectation being that such of these 
areas as are of agricultural yoJue will be put to use as 
soon as the progress of the Commission's program 
permits. (Plates 21-22.) 
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PART III 

SECTION 2.-SOME CONDITIONS AFFECTING USE OF WATER 

Several factors in:Jluence the use of water in irrigation 
besides evaporation and the moisture requiremeuts of 
plants which have separate attention elsewhere in this 
report. Difficulties of distribution, vagaries of climate, 
soil cha.racteristics, and differing methods of applying 
water are among them. In the following paragraphs 
these conditions are described in such detail as seems 
necessary to provide a general understanding of 
irrigation needs. 

San Luis Valley 

Large-scale farming is a striking feature of the 
agriculture in San Luis Valley. In 1930 the average 
size of the irrigated farms I in the seven counties which 
include the Colorado portion of the Valley was o.lmost 
400 a.ores (398 acres), and more than half this aYere.ge 
area was irrigated. The list below shows bow the 
irrigated farms of the Valley counties were grouped in 
the 1930 census reports: 

N1omaber of 
fmgtiltd 
farms 

Under 3 acres_.-·--- - --- .• --- . -- -- ------- 19 
3 to 9 acres .• _. _____ ._ ••.••... - - . • • • . . . . . Ul7 

10 to 19 acres ...•... --------------------- 181 
20 to 49 acres ..••... --------------------- 435 
50 to 99 acres _______ • _ •••• __ •••••••• - - - - - 427 
100 to 17 4 e.cres ••..• ______ . _. ____ .. _..... 948 
'.75 ·o ~5!t i."cres __ : ________ : ___________ :.a .. ~96 
.:60 to 499 acres _________ ••••. - - . ____ ..•. - 556 
500 to 999 acres ________ ••••• __ . _ ... _ - - - _ - 204 
1,000 to 4,999 acres _______ ---------------- 131 
5,000 l-0 9,090 acres .• ___ • _ • __ - - - . - - - _. - - - - 11 
I 0,000 acres and over •. __ . ___ - - - • - .. _ - - . - - 5 

Thus the predominant size (100 to 174 ncres) is less 
than the average size (398 acres), and there are more 
farms of lees than 100 acres each. than there are in the 
predominant size group; conversely I however, there a.re 
almost as ma.ny larger than the predominant size, and 
the group next in number to that size group is the one 
inclusive of farms ranging from 260 to 499 acres each. 

Such la.rge farms require capacious distributaries and 
liberal heads of water. Fa.rming operations are typified 
by the extensive use of machinery, although horses a.re 
also widely used. 

i A "limn", rar 111111111111 pm'Jl!DIIII, lit 11D the land 'lfhlcb ts dlndly l'anmd by -
~. llllhlr by lllll mm labor alcme or "'1th tile ILlllll:sta.Doe ot mambanl or lllll b-· 
hold or l:ilnld '3:llpioyees. In 11m tm aumeratc,rs were lnltmmd not to rwport u a 
llann llllY mallt ol la tllaD S •- UDlelll ltl aancultul'al producl& ill 111211 were nlDed 

'"'al or ffllll'II, 

Climate 

San Luis Valley's c1imo.te is marked by ahnost con
tinuous sunshine, small rainfo.ll, extremes of tem
perature, and a high wind movement. .Precipitntion 
varies widely from season to sea.son and at different 
places. On the be.sis of long-time averages formers can 
depend upon only about 7 inches of precipitation, but 
the records producing this average include figures more 
than twice its amount, as well as others of less than 
half. However, the heaviest rainfall of the year occurs 
in July and August, when it is most needed by crops. 
In the usual summer these re.ins a.re of little direct 
benefit to the crops, but the streams a.re flooded by 
run-off from adjacent hills and so sometimes pro,·ide 
water for irrigation for a. few days. In exceptional 
yea.rs such as 1936, the summer precipitation in the 
Valley itself may be heavy enough at times to benefit 
the crops directly. 

The lea.st agreeable feature of the Valley's climate is 
the high winds occurring in the spring. Their general 
direction is northeastward, and they blow steadily for 
days at a time. In some of the lightest soils, newly 
planted crops mo.y be damaged senrely by winds of 
this nature. 

Table 16 shows that over a. period of 37 years the 
average growing season at the Garnett station was only 
95 days .. ~;uly .:-<,~·_as-.h~ latest. date·of ~illing·:'rost in 
the spring and .August 13 the earliest date of killing 
frost in the autumn. The arnra.ge length of growing 
season, for the four stntions shov.-'tl in the to.ble, wo.s 
108 dnys, with the avcmgc dn.tc of last killing frost Ill 
the spring, Mo.y 30, and average, dote of first killing 
frost in autunm I September 19. 

TABLE Ht-Dates of kiUing fro1I and length of growing aeason 
oa rwwded at varioua tJnited Statu Weather Bureau atalions in 
San Lu1·, Valley, Colo. 

AVl!l'll(8 
Avvage A 'll'er&ie Latl>st Earliest date of Len(th datl!of llrstklll• leD.gth or datt> or dau,or 

B&at;on al record last kill- me riw, iirowlng killin2 killing 
in yean lnct?ost lle8.!IOD, frost In frost in 

lnW!'lDE ID da.fs lpl'ina; autumn autumn 

-------
IJiel Norte ••••••••••. 14 Ma.y21!1 Sept. 24 ll9 1Wl, 19 Sept. 8 
Oa.mett.. ·----- --- . - 37 June 9 Sept. 12 ti.~ JlllT 7 Aua. 13 
M:-. ............ 211 Jillie e Sept. 13 99 1W!ll 20 ADI 2 
Bquach, •••.•••..••. a., May 28 Sept. 2S 131 JIUle 211 Ana. 211 

Table 17 shows, from all records available, that the 
maximum temperature is 102° (at Saguache Weather 
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Bureau station) and the lowest temperature -41 ° (at 
Garnett station). The seasonal precipitation was 15.64 
inches in 1923 at Saguache station; but in 1917 only 2.64 
inches was recorded at Manassa station, to set the 
minimum record. 

TABLE 17.-Mwn a,mual umperaturu and precipitati&n as 
ruorded at 11C1rioua Uniud Stat" Weather Bureau 11.atfona in 
San Luia Vallet,i, Colo. 

! .,; 
'Temperature in d- ~ S'euooal pteelpitll• ii F&ll.re.t!.l:H!lt two 111 ludlu 

Blatio11 = e~ o,E: •E E E 1=1 ~ F. "~ .... , .. " = :, .. ., = ! iu l:e .. E E .s:::; in E: E ,.,_ t.E "' = .; i~i ;:; 'E ~ ! " .... !>c,: ~ .. -<; <5 " i ~:: ... ,z ~ < 
----------- ------

Dcl Norte .•••.. H .58.1 :!fl. 0 ,2. 5 8S -2$ 13 12, 39 •. 76 8.19 
(11129) (!mi) 

GamftL •..... 3S 59.0 23.0 4l.O 92 -41 4~ JO. 37 3.M 5. 77 
(18115) (IIXll) 

M1111usa.. ..•... 30 58.3 25.1 41. 7 02 -33 :ro II. 5, 2.a.c 6.81 
(1914) (191i) 

Saguacb• .••.•. 37 00. 7 27.l .3. 0 102 ...... z; 37 15.64 2.88 8. 81l 
{11123) (1800) 

Soils 

The soils of po.rt of the Valley ho.Ye been described us 
followe by the United States Bureau of Chemistry and 
Soils (77): 

All the upper part of Sa11 Luis Valle~· was at one time a great 
lake, and the soils must therefore be classed as derived from 
lacustrine deposits. Since the i,;ubsidenc-e of this ls.ke the im
mediate surfar:e has in many places been modified by the streams 
issuing from the mountains onto the plain and by the action of 
the winds, while moisture and irrigation have done much to 
decompose the coarse sands, wherever standing w11ter has accumu• 
lated or moisture has been continuously present in t.he soil. 

All a result of these changes, five types of soil arc found in the 
area. The following ta.ble names these soils and 1tives the area of 
each: 

Areas of different 1oil.~ 

Soll 

Sa11 Luis sa11,l)· Joam._ ... -.• -•• , ... __ ... ... ...••... ... .. 196, 1192 49.0 
:Sat1 Luls Slllld ....................... ········-·· ... _ .... _ 136. ~ 34.2 
Rio tlraade sandy loam................................. 3", r,~ 8. II 
Rio <lraade loom ..................... ---···············. :13, JIM 5. 7 
tian Luls li>am ..... ---·-··········· ...................... V.OSS 2. 2 

1----1---
Tol.ol.. .................... ···-···-- ..•.... .. .. .... 401, 9'.10 .......... .. 

All thl' trpes, except the Rio Grande sandy loa1u, are gravelly. 
E,·c11 this soil is uuderlain at from 2 to 4 feet by g:-avel, and this 
deposit outcrops in pl8.('es to form small gravel patches. Thus 
the soils of t],e valley may in a general way be called coarse, 
gravelly, 1111.ndy soils to distinguish the~ from soils which have a 
high clay content or are free from gravel or very coarse sand. 

The San Luis sandy Joam covers an extensive area. 
This is a coarse, reddish-brown soil. It carries consid
erable gravel and is underlain at depths of 1 to 3 feet 
by a coarse ~velly subsoil. It irrigates readily and 
drains well except on the lower lands. 

As indicated by the foregoing quotation, Son Luis 
Volley sand represents a little more than one-third of 

Rio Grande Joint. Invut-

the entire area. It is a light, porous, m.eoberent leac, 
soil consisting mainly of disintegrated volcanic rock. 
At depths ranging from 2 to about 4 feet it is underfoj ... 
by a gravelly porous subsoil. It drains well, does , 
puddle nor become sticky when wet, and requi. 
frequent irrigation to produce crops. The lower lands 
of this type are waterlogged. . 

The river bottom soils vnry from a snndy lonm to a 
henry clay loam, and nll are underlain at depths of a 
few feet by n coarse gravelly subsoil. The sandy lonm 
occurs widely along the river bottom and is one of the 
best of the Valley soils. These soils are largely given 
over to hay meadows, the yearly flooding of which hos 
kept them fairly free of a.lkali. All but the heaviest 
drain readily . 

A,ricultw-al Pracf.iee 1 

In most of the wn ter districts of the valley, little 
system is necessary in handling t,he water. The spring 
flood rises rapidly but it also reC'edes rnpidly and the 
stream is soon dry at most headgotes. When this stage 
is reached, the commissioner divides the nrnilable water 
among the few early priorities which can be satisfied, 
e.nd watches the gates abo,.·e to see that no water is 
diverted unlawfully. 

On ~ome of the ~trenms the flood recedes more slowly 
and the hea.dga.tes must be closed, but it is customary 
to shut even these streams off in blocks includini:r 
priorities of from 1 to 5 yeo.rs. There is often considi 
able daily fluctuation .in the flow of the Rio Grar.. 
during the flood period. 

N e.tural conditions are so good that the cost of main· 
taming ditches is relatively low. Most ditches are 
built on straight lines. There is almost no sidehill 
1onstr· .. ,ctio:n ~1~ci '"ery titti~ :h1m1ng. :Break.3.··n.re· rnr~,· 
water seldom being c11rried in tlw ditches aboYe the 
level of the adjacent land. Ditches which must pass 
through marshes on low gradients are subject to loss 
of co.parity through plant growth. and no sntisfoctory 
way has been found to cope \\ith this condition. 

,,~hen water is plentiiul in the spring its distribution 
after it is in the canal dOP.s not present difficulties. 
W'.llen it becomes scarce some form of rotation. is re
sorted to, either between laterals or be,tween "dh·i
sions" of the ditch. On ditches where division boxes 
a.re used the supply is prorated officially until exhausted, 

1 DillcmsiDD llllder this beading lll largelf M abstn.ct and conde11Sation ol de.1tcrip
tlom by R. O. Hemphill, =rected to reflflct J)l'IJSe.llt cond!tiom. Mr. Hemphill, 
110w deceased, ill 1912 1md 1913 made a11 eihaust!ve sur,·ey of imptlon 1m1d!tlo11s 
&11d pnctlml in Ban Lula \'alley far the Depanmenl or Agriculture. (The inipt!on 
'lll'ork or the deP!IZ1,mllDt, then 0011dneted under the supervision or tbe Office or Ex· 
]llll'imlmt Btatlona. wu deslinated "IrriPlloD Invm!ptlons". Lam-thm md otber 
~ e.nam-1nB activities were IP1)llped .!!111 division of llirlcultunl mqinear • 
fD& whic!J, at first established !Ii tile Bureau ol Public Roods, .Ill 1031 beaame the 
Bunau of Asrte,altural ED.lf~g:. The IITlption studies now are condu~ by 
Uie Buma11'1 Division or Imption. and in this report, to avoid conru.slon, the Bureau 
la consldared to have bad an ubt.ence co111lUITI!nt with that or thll co11tinuou., imgatlo•' 
b)'1'111St!pti0I1S.) 
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Water Utilization 

though the farmers frequently make exchanges among 
themsekes to get usable heads. 

''!'hf. length of the irrigation season ,a.ties with the 
, water is availa.b]e. Under ditches which may 

.,rcrt at all times irrigat.ion usually beg:i.n.s a.bout April 
15 and continues until the :middle of October, making 
a season of approximately 180 days. Fall irrigation is 
not widely practiced. Under ditches holding late 
rights the season is from May l to July l; or e.n average 
of 60 days which may be lengthened a. few days by 
later floods. However, a.long Saguache Creek where 
huy must be cut a.bout July I to avoid foxtail, irrigation 
is begun as early as !farch 15 to the. w the soil and give 
the meadows a quick start, and where fall irrigation is 
practiced water is carried as late as November 1 in a 
nwnber of ditches. 

:Methods oj Jrrigation.-Va.rious methods are used in 
applying water to the land. Flooding is most widely 
used, with subirrigation the next most extensive method. 
However; subirrigation is confined largely to a.reas 
under ditches diverting from Rio Grande. The furrow 
method is also used widely but principally for potatoes, 
sugar beets, vegetables and crops on land too steep for 
flooding. Borders and checks are employed on a limited 
acreage. 

Subirrigation consists in raising the ground-water 
level by seepage from small ditches placed at intervals 
'\Ver a field so that the surface soil will be moistened by 

>illarity. 
fhe soil best adapted to this method is the porous 

sa.ndy loam which is underlain by an impervious stra
tum. Heavy soils are not porous enough to be sub
irrigated successfully. Best results are obtained where 
~he 'lloue ')f ·,he :and ~s from 5 +,o : 0 feet ')er :nile. ~~e 

.netho~ D.a.s ;mm ~ucdessful with most trops.' 
The seed bed is prepared in the usual manner and the 

crop planted. The field ditches are made immediately 
either "ith plow and V, or with a ditching plow, which 
is the more emnomical and makes an even, loose ditch 
through wJ,ich water seeps readily. The proper loca-

Fioou &;.-Sublrrlptlon dlteb ill pot.al.<> lleld near Monu Vista, Colo. 
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tion of the dit<:hes can he determined only by trinl. 
Most of the land in the Y alley has a uniform, gentle 
slope, anrl the custom is to run the ditches parallel to 
the section lines in the direction having the least slope. 
They are spaced at intervals varying from 50 to 250 
feet according to the· character of the soil, the depth of 
the normal water table, and the amount of irrigation 
in the neighborhood affecting the water table. 

.At the proper time, which is UPually W'hen the ditches 
a.re finished or when the water becomes available, irriga
tion is begun by filling the field ditches as full us possible 
·without floodfrt~ a.t any point or wasting O,l'r the blind 
lower end. The flow turned into each ditch is then 
regulated to compensate the amount of seepage from it. 
This seepage water flows downward rapidly and fills 
the i,ubsoil to t,he point where moisture is drawn to the 
surface. When the surface becomk moist the flow in 
the field ditches is cut down so that only enough water 
flows to maintain the moist condition of the surface soil. 
The time required. to "raise t.he sub" varies from 10 
days to 6 weeks. The cost of subirriga.tion is very low. 

There are many modificntjons of the method. Where 
the soil is thin, or leveling is impracticable for any 
reason, the field ditches are carried along the ridges. 
In the river bottoms, slougru or old channels are dam
med and kept full of water during the season. Drains 
are also· dammed during the irrigation season to raise 
the water level. In other cases small reservoirs have 
been built to catch excess water, which is then allowed 
to seep from them. 

Under ideal conditions, th.is method of irrigation could 
hardly be improved upon, but actual practice has 
developed a number of faults. The greatest objection 

~ !S ~hat ,fre.quently the .:~rmer ,n ·;he :owfr '.n.nlis. :.s 
drowned out. Control of the moisture in the surface 
soil within narrow limits is impossible. Under this 
system irrigation becomes a oommunity, rather than a. 
private, affair. It concentrates allmli on the surface 
quicker than o.ny other system of irrigo.tion. 

Its chief advo.ntuges nre simplicit.y 11.n<l chC'-n.pncss. 
The ease with which Jnrgc fields cnn be irrignt,r.1l hy one 

J'IGUU 88.-Dlain& potal.oll!ls llBllr Maute Vista, Colo, 
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mru:i is another ad,antage, Under ditches with doubt
ful -water supplies crops an often carried th.rough to 
maturity by the water in the subsoil when the ditches 
fail early. · 

Most of the land reclaimed by drainage was once 
subiirigated; much of it is now being flooded. Many 
farmers in the subirrigation districts are convinced that 
better crops a.re raised by that method than any other, 
but facts upon which a comparison can be based nre 
few. A number of ranches in the VaUey are either 
flooded or subirrigated and as e. general thing subirriga
tion is preferred to flooding. However, the question of 
cost enters here and the chances are that cheapness and 
a minimum of trouble a.re the factorlil which determine 
the use of subirrigation. 

The condition of much of the subirrigated le.nd which 
is feeling the eff ect.s of the gradual rise of the water table 
and the collection of alkali on the surface, could probably 
be improved by a change to surface irrigation. 

The popular way of irrigating the la.rge areas of 
pasture and native hay is the 11wild flooding,. method 
common throughout the Rocky Mountain States. 
Water is taken ",o +he !ilith c>oint in the Selq. ind turned 
.ioose arici oo ':iirect i r --3~lllll cii ten es are mrown up at ' . various positions in the field. The general custom ls to 
keep the water running as Jong as it is available; or if 
hny is to be ma.de, it is turned off a week or 10 days 
before tlie time for cutting. Th.is method is primitive 
and . wasteful. It is fortunate much of the water 
used in this manner soon finds its way back to the 
streams. 

The method of flooding from field ditches used in the 
Valley does not difl'er from the practice elsewhere. 
Small ditches are plowed in the fields at intervals of 
50 to 150 feet and water is turned on the field from them 
by cutting the banks. In a few cases permanent ditc~es 
equipped with wooden cheek boxes &nd gates are mam
. tamed, but on most farms the field ditches are plowed 
out each year and then filled in before the harvest. 
Dirt dams and canvas dams a.re used to cheek the water 
up to the cut-out. 

Where potatoes n.nd beets are not subirrigated they 
are watered by the common furrow method. In loca.li~ 

FlCHIH 70.-0raJn lleld in San Luis Valley. 

ties a.round the edge of the Valley where the land slope 
is too high for effective flooding, furrow irrigation is 
used for all crops except hay. Furrows are plowed 
about 3% feet apart and a small head is run in ea.ch for 
from 12 to 36 hours. The length of the furrows varies 
from 200 feet to ~ mile. Sometimes in irrigating crops 
in rows only alternate fuITows are ui.ed. 

Other methods of irrigation are used only to a limited 
extent. A few examples of the border method and the 
square and contour check methods may be found, but 
most of the cheeks were built for washing alkali out of 
the soil. 

Middle Valle:, 

Marked differences appear in a comparison of Nev
Mexico farms and far.ming with those of San Lu 
Valley. 

Size or .Farms 

Such differences are emphatic in the matter of size of 
.• ;anns. . Whereas larg~cale ~"i.1.r:mihg is ilie common•type 

in Sun Luis Valley, small farms are the rule in Midd!e 
Rio Grande Valley. The average size of the Sa.n Luis 
irrigated farm is 398 acres; the corresponding average 
for the entire group of Rio Grande Basin counties above 
San Marcial is 95 acres. 

Siu of farms 

Number of Irrigated famll,. 

Rio Arriba, 
TliOll,and 
S1.Dta Fe 
Conntias 

Beraallllo, 
&ndoval. 

Booorro, and 
Vlll«lc!a 
Cow.ities 

U11der 3 ncns·---------·------------------------------ 3 7 3 tQO a.:res •• -----------·--···--·-----···-··---········ 1,3i!O 1.it, 
10 to 19 --···-·------·--·-·------------------------ lliilO 4!32 
30 t.o411&Ce!O •• -------------·----------------------···· 703 213 
Wt.o9111Mft5_ •• _ ••.••••••••••••••••••••••••••• _ ----·- m 100 
100 lo 174 -·------------------.----------- ........ - 47 81 
l7S to 21141 acrm •••••••••.•••••••••••••.•••••••••• _._... 3IO 10 =: = :::::::::::::::::::::::::::::::::::::::::: ~ :so 
1.000 to ••• -------------------------------------- a; 11 
S.000 to 11.M acns .••• -..••.•••• -...................... a s 
10,000 acres 11.lld over_ ···------------------------------

1 
___ -+---

'I'otal ••• ---···----·--··················"··-···-· 3,.ffll 3. :¥l!l 
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Water Dtilizalion 

E'"en this comparison is misleading, however, as the 
-,.,.~ -· "foxico a.verage is distorted in somewhat greater 

.., than is the cue with the San Luis figuret by 
.atively few ranches of great met some of them 

in sections of the counties not strictly v,'lthin the Val
ley area. The fa.eta are brought out more effectively 
by the list above, which is based on the 1930 cenBUS 

reports. 
From the foregoing list it appears tha.t in the northern 

group of counties more than one-third (37 percent) of 
the farms a.re less than 10 acres in size; nearly three
fifths (58 percent) have less ths.n 20 acres. Somewhat 
more tha.n four-filths a.re smaller than the 95-e.cre 
Valley average. The predominant size, in fact, is 
represented by the 3-to-9-acres group. 

In the four lower counties, which include the Middle 
Rio Grande Conservancy District, the comparisons 
a.re similar. Nearly two,-fifths (38 percent) of the total 
number of irrigated farms have less than 10 acres ea.ch. 
More than tw<rthlrds (67 percent) have less than 20 
acres. Probably more the.n nine-tenths are smaller 
than the 95-acre Valley average. As in the case of 
the upper counties, the predominating size is repre
sented by the 3-to-9-ncres group. 

Cllmaie 

While the climate continues distinctly arid through
the New Mexico portion of the Valley. and in the 

.,hem pa.rt of the State retains the general charac
teristics described for the San Luis region, the reducing 
altitudes introduce modifications1 so that e. new set of 
conditions mark the tfiddle Valley aree.s. There the 
rrowmg season ~1verages '. 90 days. Frequent rajns 

··occur in the"hor, summers, producing an .1vera.ge precipi
tation of 5 inches between April 1 and September 30. 
Humidity is low. Prevailing winds are from the west 
and southwest. 

Table 18 shows the pertinent facts relating to tcm
pemlure an<l precipitation at four stations in the Middle 
Valley. 

TABLE 18.-Mean annual temperature, and J}Tecipitation in the 
· Middle Rio G-rande Valley, N. Mu.1 

Albuquffllue •••• 
Bmlalillo • •••.•. 
Los LWlaS ••••••• 
Booorro ••••••••.. 

'ltBSell on tr. S. W1111lher BUTI!JIIIU l'ff(ll'ds. 
'LiDll di."l'OUtiDUl'd ID May 1924. 

11M -to 
102 -13 
106 -:ia 
108 -16 

115 Ill. 30 IL 211 8. 21 
18 11. ti! b. &C 8. 15 
ff Ill. il7 2. ti 8. 112 
411 2:Ull 4. 12 10. 27 
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In table 19, the length of growing sea.son is shown 
for three stations in the Middle Valley area . 

AnraJe AVl!rll& A'1'1!3'11P Lat.est Eatlle.,t 
I..6llath date o! date of ln«tb of da1.e ol date of 

Station of record, ]Mt kill• tint kill· lfOWlllg killlna: killing 
7ean Ing frost Ill& ffo8t -.i. lrost Ill trolt Ill 

Ill spriD.g lllfllll da71 aprlng fall 

-----
AlbuqulllfQae •••••••• IIO Apr. 13 Oct. 211 ]Ge May t Sept. 17 
Los LUDY ........... 43 Apr. 18 Oct. 19 l&I May 13 Sept. 22 
Bc«>no •••••••••••••• 3f. ••• do ••••• Oct. 21 186 May a Sept. '17 

Surveys have not been made by the Bureau of 
Chemistry and Soils in the Valley areas above Cochiti, 
but the following para.graphs, abstracted from a report 
by that bureau (79), describe the soils of "the Middle 
Rio Grande Valley area.": 

The soilB of the are.a &re classed in three distinct group!l accord
ing to their topographlc position-those representing the material 
of the UDeroded mesas or upland desert plains, those occup)ing 
the meu elopes along the valley margin, and those of the valley 
floor. • • • 

The soils of the mesa. slopes have been identified as membeJ'I! 
of the Anthony series. They occur a.long the eroded slopes of 
the high plains bordering the valley, and are usually separated 
from the higher uplands by bluffs or an eroded escarpment. • • • 

The material fonniDg this group of BOU. consi.-ts predom
inantly of reworked material of the upland formation whlch has 
been U110rted to some extent and deposited by 11urfa.ce watem 
as &lluvial and colluvial fan and foot-slope deposits over the 
mopes below. To this in some localities there has been added a 
sm&ll amount of wind-blown material, removed from the Rio 
Grande bed during periods of low water. • • • The soils 
of the Anthony series are grayish brown or light broWD to reddish 
brown in color, a reddish tint usually being perceptible. The 

. -~ubSQiis :o .:i. depth oi 5 feet Jl'- rnore J.r~ ,;ener.:i.iiy ,imilar. :n ,:oior . 
and character to the surface ma.terial. • • .. 

The series is distinctly arid and supports only a stunted growth 
or ecrubby mesquite and other characteristic desert vegetation. 
• • • 

The soils forming the volley floor have ~ith two exceptions 
1.J.ccn recognized under the Gila series. The material giving 
rise to the Gila soils consists mainly of sediments brought down 
from regions to the north by the Rio Grande and deposited over 
the valley during periods or ~h water. It is derived from e. 
wide variety of rocks, including sandstones, limestones, and 
metamorphlc altered and igneous rocks, which may or may not 
contain conapicuous amounts of quartz-bearing minerals. • • • 

To this bu been added small amounts of alluvial wash and of 
wind-blo'll"ll material from the mesa slopee. • • • 

Numeroua old abandoned river channels occur throughout the 
valley. Sometimes clay deposits several feet deep occur over 
limited areas of these channels, but most frequently the coarser 
material forming the old river beds is covered with only a few 
inches of heavy 110i1. The alluvial BOil.s of the valley are thus 
atill in process of formation. • • • 

Considerable sedimentary material is also deposited ea.ch year 
over the entire irrigated portion of the valley by irrigation water. 
During the long periods of irrigation these deposits have increased 
until in places they are several feet deep. 
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Table 20 names a.nd shows the relative extent of 
each of the several soil types in the Middle Rio Grande 
area. The distribution shown is believed to be f rur]y 
suggestive of that applying to the entire Middle 
Valley as considered in this report, although many 
variations are to be found throughout the larger areas. 

TABLE 20.-.Arem of di;fferml a(ril:i in the Middle Rio Grande area, 
New Muico 

Soll 

Olla llne 118.lldy l= ••.•••••.•.•.•••••.•.•••....•••••••••• 
Anthony incvelly sand •. - .... ···-··············-----······ 
Olla lotuD .•• _____ ······-············--····-··············· 

46,336 26. 4 
24,576 l4. 0 
24,, 38-4 13. 9 

R!verwMb .• ·······- .••••.•..... ----·· •••... __ .. -········-
Gila clay.·-- ........................ __ •••.. __ .··········-· 

18, 1188 10. 7 
H. 2'i2 8. I 

O!la cl•, Joa.rn •.•• __ •• -· __ ·-·· •••.•.•.• __ ••• ---------- ••.• 
Ant.bony fl.De aand ••• _., ................................. . 
Anthony llalld •••••• _ .••••••.••.• -·-···---·······-··-··-··· !r::fd r:!' :::1y11::.,·_·_·:::::::::: ::::::::::::::::::::: 
Bratlto fine sand ...• ·- ...•.•.• --··--- ..• __ ·····---------·. 
Tljuas fine sandy loam .•••••••••••••••• ·--········--··--·· 

ll,SM 15.6 
ll, 072 6. 3 
10, 114( 15. ~ 
c,illO :u 
2, MC 1. 7 
2,752 1.6 
2, 1148 J. 2 
1,600 • II 

TotaL._ ......•• _. _____________ , •••••..•... -......... 175,380 ----········ 

Ao:kultunJ Praet.lee and Crop Ad11pt11biUty 

Throughout the successive Valley areas from the Colo~ 
re.do line to San Marcial, agriculture still centers, as it 
has for many years, upon the hay and cereal (incJuding 
oorn) crops. The 1929 Federal census returns showed 
these as comprising by far the greater part of the 
cropped areas in both the section ending approximately 
at White Rock Canyon, and the Middle Valley area from 
Coohiti to San Marcial; in both cases the position of ench 
of these two lea.ding groups of cropped acreages was not 
greatly different, the cereals holding a slight a.dvantnge 
in each, 

The preponderance of these crops does not mean that 
others ,re n9t important. In point <>f acreage. '.he 
·:egi:imes--=-,noswlf Jeans-a.re distinctly prom.inem, al
though not as much now as 10 or 15 yea.rs ago. Vine
yards and orchard fruits, such as apples, pears, peaches, 
European and native plums and sour cherries, a.re 
raised throughout the area., and while of limited and 
localized importance as commercial crops, have never
theless a. well-established pince in the Valley's agricul
ture.· Truck gardening is rapidly becoming a profitable 
industry, especially around Albuquerque. 

Water for irrigation from ditches is available between 
March 1 and November 15, so that no winter irrigation 
is practiced. The irrigation methods used a.re the 
flooding, border, and check methods for alfalfa; flooding 
for vega (meadow) land; and border, check, furrow and 
flooding methods for the other crops. Approximately 
310,000 acre-feet of water is used annuaHy in the Middle 
Rio Grande Conservancy District. 

Lower Valier 
Fanns in the counties which include the Rio Grande 

project and the irrigated lands below it average some-

what larger (151 &eres} than those above it in New 
Mexico, but w-e som.ewba.t. smaller than the San L11ic:: 

Ve.l.ley flmDS". As in the case of both other Valley 
tfons, however, the avenge size is misleading, as 
size.group which includes that average comprises only 
about 9 percent of the total number of farms. The 
predominating size-group in each of the four counties 
(Sierra, Dons Ana, El Pa.so, and Hudspeth) is the o:ne 
ranging from 20 to 49 acres, and the farms which a.re 
sma.l]er than those inclusive of the average size com
prise more than four-fifths (83 percent) of the total 
number, 

The 1930 distribution of the irrigated forms in the 
L-Ower Valley is shown in detail below: 

Number of 
Irrigated far= 

Under 3 acres ______ ...... _ .. ____ •. _ ... _ 90 
3 to 9 acres. _ ...... _ ..•.. __ . _ ......... _ 634 
10 to 19 acres. ____ .. - •• _____ ••. __ •• _ •• _ 711 
20 to 49 acres. _________________________ 1,015 

50 to 99 acres. ____ •.... ·-_ •••.. -----___ 508 
100 to 174 acres ..•• -------···----··---- 318 
175 to 259 acres._ •• ____ •• --· _____ •.. ___ 101 

260 to 499 acres ... ----------------·---- 75 
500 to 999 acres. ______ ..• _ ••• __ . _ • _ _ _ _ _ 42 

1,000 to 4,999 acres.--------------·----- 37 
5,000 to 9,999 acres---------·----------- 6 
10,000 acres and ove:r. ____________ ••• --- 6 

Climate 

The climate of the Lower Valley is cha.ra.cteristica.11· 
arid, with cool nights but high temperatures during 
day. The mean relative humidity is low. There t... 

very few doudy days and but little rainfall. These 
factors contribute to a. high evaporation rate. 

The average annual rainfall is only 8 to 10 inches per 
year. '.!.bout t'jo-thirds of this coming during '-hr g-rnw
ing season. Only ·a reiativeiy small proportion of this 
rainfall becomes of value for crop production, however, 
since so much of it comes in numerous light showers 
that cannot penetrate far into the soil and is soon lost 
by evaporation. 

Records taken over a period of 43 years to 1936 ex
clusive at Sto.t,e. College give an average length of 
growing sen.son of 200 days as shown in table 21, where 
frost data for three different locations a.long this section 
of the Rio Grande over a long period of years are 
summarized. 

TABLE 21.-Length of growing aeaaon, LoweT Rio Grande "Valley, 
'New Mexico, and Te:&a11 

AVenllZ8 Avllffl(le /1\'er&ge ~t Earlies! 
Length of date or d4te of lenrth of dlwlof ~ol 

Station n!OOl'd, Jut kill- !Int kill• p-owlng klllll!i kllllnl 
yeen Ing frost lng frost -n. frost In frost in 

in spring in fall days ~ fall 

-------------
Elephant Jlutte 

Nov. May !18 Oct. 1 Dim, N. Mu: •••.• 33 ,Apr. 2 I! 218 
State College, N. 

Apr. JO Oct.. 211 200 May 13 Oct. Mu: •. ·-···---····· t3 
El Puo, Tu ..••..•• 48 Mnr. 20 Nov. IS 241 Apr. 2'I Oct 
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Wo.t,-r Utili:zmwn 

In table 22 long-time :records are averaged to Janu
ary I, l 930, for temperatures and precipitation at three 
stations. Average annual evaporation is over 10 times 

1 average amrnal precipitation and irrigation is an 
,solute necessity to produce good crops. 

TABLE 22.-Mean annual iemP"Otures and precipita.t.ion at 
Eleplw.nt Bldu Dam end State College, N. Ma., and El Pcuo, 
Ta. 

!!l!! Tempentura In deer- !i .ADDual rainfall, 
t{ F&bnmbeit ill lncbes 
E.,, f.!: ~-

Station 
_.,, ,; i E E .:'E E E "'s is SE :, :, ;! :, :, .. 
""'"' c= ~ E .g E ! .... ii! = I~ fE ill = "'c 1l ., 
J;! ~ :i: l~ .. j ~ ;;: ~ ;!! ~ ~ < - - - - - - - -

Elephant Butte 
Dam,N.Me, .. 38 73.88 45.00 Ml.IT 100 -2 fi 16. 8fl 3,53 9.92 

Btate College, ~. 
37 76.14 43. lltl 60. JO ]Of, -8 !IO )7.00 a,9 8.58 MM •••....•••. 

El Paso, Tex ....• 5() 76. 2 50.8 -03. i JOO -5 57 18.2'11 2.22 8.90 

Soils 

The soils of the valley are almost entirely of alluvin.1 
deposit classed as of the Gila series, previously described. 
The exceptions are numerous small and scattered areas 
of wmd deposit described as Brazito fine sand. Border
ing the Yailey the soils a.re classed as of the Anthony 
series. Much of the material in the valley has been 
carried over long d.istiwces by the Rio Grande. The 
fall of the stream is not great so that very little gravelly 
~q,terin.l is transported, making the soils of the valley 

ticu]arly free of very coarse material except along 
.d margins where the Anthony gravelly loam is some

times carried out into the valley a short distance by 
locn.1 cloudbursts. . 

The va.Uey soil is extremely variable in texture and 
in ,;itbe:r ?r,,perties :i.;3 ,':r;~ll. \fany :ac-::-0rs 1~e.:esponsi
ble for ~his. The Rio Grande drains a very extended 
area. In th.is area there are a number of different types 
of parent material that contribute to the river burden. 
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Even some of the Spanish names o.f tributn.ry arroyos 
indicate this vrui.e.bility as Rio Puerco (Muddy), Tierrn 
Blanca (White Earth) Creek, a..nd Rio Colorado (Red 
River). Rio Grande also fiows through a territory 
where the rainfall is very erratic, local s.rea.s oeca.sionally 
being visited by torrential downpours that carry great 
quantities of soil into the river. The localized character 
of the rainfall together v.-ith the fact that it might come 
in q1.1antity sufficient to raise the river to flood volume 
often meant the deposition of a. predominant a.mount of 
sediment from a. particular locality at one time and 
from e.n entirely different locality and type of parent 
me.umal at some other time. 

The highly variable flow of the rh-er had a grent 
influence on the texture of the mo.terinl being deposited 
at a particular spot. The ever.-ehanging channel of 
the stream also had a large influence on the chn.racter 
of the deposit. The result on the soils of the valley 
has been to make it not uncommon to find five or six 
variations in texture m a 6-foot depth of sample. The 
action of the river has been largely controlled in recent 
yea.rs by regulating the flow at Elephant Butte Dam. 
Besides the variability in texture1 there are also abrupt 
and somewhat unaccountable variations in the pro
ductivity of the soil in certain places, giving the crop 
o. distinctly nonuniform appearance. 

Agricultural Practice 

The following discussion, by Dean W. Bloodgood, 
associate irrigation engineer, Bureau of .Agricultural 
Engineering, describes the agricultural practice followed 
in raising the principal crops of Mesilla Valley. Mr. 
Bloodgood for many years was in charge of the irriga
·Jon ~vestig!\tions -~onc,.:ctad ·Jy :he . 3u.reau - :.n ~o
operation with · the New Mexico · Agricultural Experi
ment Station at State College. 

Although describing practices in Mesill~ Valley 
specifically, the description is generally applicable also 
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to customary methods in Rincon and PaJomas Valleys 
end t.o the important areas below El Pe.so. 

After the completion of the Elepha.Dt Butte Dam, farming 
&nd irription conditione: cha.nged rapidly. About this time 
semce by the old commw:rlty ditch 1yatem8 wu discontinued 
ud diatrlbution of water wu taken over by the Bureau of Rec· 
lamation. By reuon of it. retention at Elephant Butte the 
water contained only aome fine ll&lld inBtead of being somewhat 
heavily !Aden with ant, u had been the cue immemorially. 
Farmers did not reallie the lignificance of the ch&nge until it 
was noticed that the ground water waa riaing mpidly. This 
realization did riot come until about 2 yea.rs after the completion 
of the dam. In that Interval the ground water rose so fast that 
it ruined :mv.D.Y &Cl'el of highly productive land ed damaged 
much property before remedial meaaurea could be made effective. 

The condition described wu brought about largely by the use 
of too much water. In former d.aya when silty water wa.a used 
the irrlption lands or runs were long and BDl&ll heads of water 
were used. These sma..LI beads of the now--el&rified water took 
aeveral times u loDg u formerly to reach the lower ends of the 
plots. Comequeutly the rum had to be cut shorter ed larger 
heads of water used i11 order to irrigate the plots effectively. 
Before this could be accomplished, however, the entire ditch 
system had to be reconstructed. The ma.in canals were straight
filled and enlarged for greater capacity. Many new laterals 
were constructed about this time, the l08Se8 from which AlM 

contributed to aeepage conditiona. Farm ditches were also 
enwged and straightened, and modem structures were installed 
to prevent water losses. 

The clear water involved a drainage and a.llwli problem which 
materially affected the uae of water. High fluctuation& of the 
water table prevented growth of the deeper-rooted pl.ants and 
the accumulation of alkali in the surface soils damaged good 
fields. In order to lea.ch out the alkali preparatory to bringing 
the I.and back Into cultivation, la.rge quantities of water were 
required; and to usist in the a.lkAll reclamation additional drain
age facilities were needed. Hence the a.lbli problem inC:r$Ued 
the use of water by reuon of the reclamation program. 

The 1ntems of cost and deliv~cy ~ere clulllged so that the 
. :'a.rmer ?&id for ;he -"IlOUDt ~i ~a.ter .1e··'IBerl '.Iiste&d-::)f- :\ :lit 
:rate for all he wanted. He beea.me more careful in rte use, and 
presently began to use lea, paying a med fiat rate an a.ere for 
2 a.ere.feet and a sliding l!ICIIJe for amount& over that minimum. 
Water wu delivered on a lltrlctly rotation ha.sis and no favoritism 
waa Bhown; all farmers uafng water aha.red it equally. 

Rio Grande Joint Investigation 

A.a much of the alfalfa la.nd was replaced with cotton, the 
water requirements for the valley decreased, because ali:ilf:i. 
used from 4 to 5 a.ere-feet per acre annually, whereas cot.i ... 
used from 1.5 to 3 acre.feet per a.ere. Hence cotton 'IW 

important factor in increuing the duty of water for the M, 
Valley ud it.a Influence ii still felt. 

Since cotton became &n important commercial crop (a.bout 
1920) the uae of water for other crops has been nearly constant 
with little oha.nge iD Irrigation requirements a.nd agricultural 
practices. The a.ereage of alfalfa. and cotton has averaged 
a.bout the u.me over a period of ye.a.rs, and a.s those crops are the 
largest users of water, the water requirements of the valley do 
not change very much from year to year. 

Cotton ia u.u.ally irrigated by the fiooding·border method 
from May to September, and during this time, four to six irri. 
ptiona are applied. For good results, 18 to 30 acre.inches of 
water per acre ii used for the heavier soils and 24 to 36 acre
inchea for the lighter soils. 

The border method of irrigation le almost universally used for 
the irrigation of a.lfalfa in Mesilla Valley, where larger heads of 
water are available and the land is comparatively level with a 
fairly uniform .slope. The fields are divided into strips of lengths 
varying from a few hundred feet to 800 feet or more, the res.son 
for this irregul.a.rity being tha.t the farm boundaries are not on 
aeetion linee and the fa.rm.a are irregular m shape. The larger 
tracts or grants which have been broken up into smaller farms 
are more regular in shape a.nd eaaier to farm and irrigate. The 
width between borders varies from 35 or 40 feet up to 100 feet or 
more, depending on local conditions. The border between 
stripe of land is uaually high enough to keep the water within 
the borders and from 8 to 10 feet wide, thi& width, which is 
fiat, permitting economical harvesting. Alfalfa I.a planted on the 
borders; hence there is no idle land. The I.and between the 
bordera is graded level from one to the other so that a. he, 
water will spread a.erou it to a uniform depth. 

The me of water by established alfalfa (second ye.ar's gro, .. _ 
or more} varies from 34 to 60 acre.inches per acre, applied in 
8 to 14 irrigations. The average use, u determined from 
e~enta.l. data., is about 48 acre.inches of water per acre. 

. The first year's growth of alfalfa requires more frequent imi,i;a
~. •fom ..l.lld posai.bly a .ilightly ~eater .unounr. .::ii 7,a.ter. ' 

The grain fields of Mesilla. Valley are generally irrigated· 
immediately after the pl.anting and from then until the crop 
a.pproachea maturity. Depending upon the aeason, about 
four to alx iniptiom a.re ordinarily given and from 18 to 24 
acre-inches of water per a.ere ia usually applied. 
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The water requirements for vegetables vs.ry considerably io 
the a.mount of water used &Dd frequency of irrigations. 

Cabbage is usually il'Tigated from the middle of Ma.rcb to the 
.er part of June, &od from 18 to 24 acre-inches of water per 

.e is applied in lO to 12 Irrigations. 
The irrigation aeuon for chile and tomatoes is from the 

middle of May to the middle of September. From 24 to 30 
acre-inches of water per acre ia applied in 12 to 14 irrigations. 
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Potatoes have an irrigation season extending from March 15 
to June 30. During this time J 8 to 24 acre-inch!.!s of water 
per acre is applied in 5 to 7 il'Tiga tions. 

CaDtaloups are usually planted about the middle of May and 
the irrigation 8e&Mln extends to about August 10. During thls 
time 11.bout 20 to 30 acre-inches of water per acre ill applied in 
8 to 10 irrigations. 

CO- 003275 

TX_MSJ_000355



324 

36° 

32° 

I 

I 
I 

• 

-~ 

I 
I 

I 

i 

l 

I 
I 
I 

I 

r 
I 

' 

• II -- _,.,.., 
MEx1·co 

I 8° 

II 

Rio Gramk Joint fn'l)(:stigatfon 

t 
I 

I 

AREA~ 

UPPER RIO GRANDE 
ORA1NAGE 1BA.Slt{., 

MESILLA VALLEY AREA 

I 4° 

CO- 003276 

l 

' I 

I TX_MSJ_000356



PART III 

'"",TION 3.-PREVIOUS STUDIES OF CONSUMPTIVE USE OF WATER 

The waters of the Rio Grande above Fort Quitmo.n 
are la.rge1y consumed by no.th-e vegetation and irrigated 
agricultural crops in Ooloradoi New Mexico, Texas, and 
Mexico. In the usual year, only a small portion of the 
total water production of the Upper Rio Grande 
Basin escapes from it unconsumed, and that small 
pal't consists mostly of unusable return flow and flood
peak flows originating below Elephant Butte Reservoir 
(pl. 1 ). 

The precipitation on the mountain watershed above 
the San Luis Valley contributes a large portion of the 
annual water yield of the upper river basin. There
fore, the amount of water available each year for irri
gation in the Middle Rio Grande Valley depends in 
part on the a.mount consumed in San Luis Valley; 
and likewise the a.mol.lllt available to Mesilla Valley 
and other areas below Elephant Butte Reservoir de
pends in part on the amount consumed both in So.n 
Luis Valley and Middle Rio Grande Valley. 

This chapter consists of a review of previous studies 
l- 'ious investigators of the consumptive use of 
" in the San Luis Valley, Middle Rio Grande 
Ve.Hey, and Mesilla Valley. A report on the studies me.de 
by the Bureau of Agricultural Engineering during 1936 
follows in section 4. The Bureau's in'>estige.tion was 
divided into two 1Jarts: (l) Consumptive 11se of water 

, ltUilles Jil ·.arge :-epresentatiYe areas -~see ."Jg. ~5); 
(2) evapo-transpiration measurements by means of tank 
and soil moisture experiments. 

One of the main objectives of the irrigation experi
mental work of the United States Department of 
Agriculture and the agricultural experiment stations of 
the Western States during more than one-third of a 
century just past1 has been to find the net water require
ments and the irrigation requirements of various crops 
under diff'erent climatic and soil conditions. The terms 
"net water requirements" and "consumptive use in o. 
basic sense", though probably not identical in meaning, 
are very closely related. A review of the literature on 
net water requirements is beyond the scope of this 
report; suffice it to say that many of the references 
herein to published writings, concern this important 
topic. Noteworthy among these are the following: (7), 
(8), (14), (21), (22), (23), (24), (33), wd (84). 

Some Interpretations of 
"Consumptive Use" 

Most writings concerning the consumptiYe use of 
water are in the form of unpublished engineering reports. 
Among the very few published writings dealing directly 
with the consumptive use, a report of a committee of 
the American Society of Civil Engineers entitled 
"Consumptive Use of Water in Irrigation" (25) is 
noteworthy. 

The committee proposed certain defirutions for con
sumptive use of water in a ho.sic sense, and for the farm, 
the project, and the valley. It also reviewed prenous 
estimates of consumpth-e use for large river systems and 
made citations to 24 articles, published and unpublished 
dealing with net water requirements and consumptive 
use. 

One of the definitions suggested by the committee of 
the American Society of Civil Engineers (25) follows: 

Consumptive U$e in a Basic Sense.-The consumptiYe use, V, 
is here defined as the quantit.y of water, in acre-feet per l'ropped 
al're per year, absorbed by a crop and transpired or used directly 
in the building of plant tissue, together 'illith thn.t evaporated 
from the crop-producing land. 

The Bureau of Agricultural Engineering in n report 
on Rainfall Penetration and Consumpth-e Use of 
°"~llter '.4J iefines '::,onsum-;:,tiY?. 1se ·. is ithe mm ··Ji 
winer uaed by the vegetative growth of a given areo. 
in transpiration or building of plant tissue and tlrnt 
evaporated from thn.t area." 

The committee on "absorption nnd trnnspirntion" 
of the hydrology section, American Geophysical rnion, 
has proposed the following definition: {47) 

Comumptit•e use.-The quantity of water per annum used by 
either cropped or natural vegetation in transpiration or in the 
building of plant-tissue, together with water evaporated from 
the adjal'ent soil, snow, or from intercepted precipitation. It 
is sometimes termed "Evapo-traDBpiration." 

Tbe definition offered by the American Society of 
Civil Engineers is silent concerning the e.ren. involved, 
therefore implying that the area from which consump
tive use occurs is coincident with and equal to the area 
covered by "cropped and natural vegetation." For 
experimental studies of consumptive use of water by 
the use of tanks or of small field plots, the foregoing 
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definitions are sound and adequate. However, for 
ls.rge tracts of land and entire valleys which include 
a.ppreciable areas of bare land, native vegetation 
and of wa.ter eurlaces, these definitions need to be 
amplified. 

The definition of the "consumptive use of water in a. 
basic sense" proposed by the society committee is in 
harmony with the basic concept of the Bureau of 
Agricultural Engineering in the Rio Grande studies. 
Amplifications have been made in this report in the 
application of the basic definition to the consumptive 
use on a. large tract of land or in an entire valley. 

Bweau or Agricultural 
EnglneerblK Deinitlons 

As a general definition of conswnptive use applied 
to the Rio Grande Be.sin problem, the following defini
tions have been adopted by the Bureau of .Agricultural 
Engineming: 

Oomumptit!e mt (m,apo-trampiration).-The sum of 
the volumes of water used by the vegetative· growth of 
a given a.rea in transpiration or building of plant tissue 
and that evaporated from adjacent soil, snow, or inter
cepted precipitation on the area in any specified time. 
If the writ of time is small, such as a day or a week, 
the consumptive use is expressed in a.c.r&-inches per 
acre or depth in inches, whereas, if the unit of time is 
large, such as e. crop growing sea.son or e. 12-month 
year, the consumptive use is expressed as a.ere-feet per 
acre or depth in feet. 

Valley CQ11.81Lmptive we.-The sum of the volumes of 
water absorbed by and transpired from crops e.nd native 
vegetation md lands upon which they grow, an~ 
evaoor::i.~a,·from·blU'e ·:and mci -water· ·mrfaces -'.ll ;.he 
va.l.l~y; all amounts measured in acre-feet per 12-month 
year on the respective areas within the exterior bound
aries of the valley .1 

As defined by the Bureau of Agricultural Engineer
ing, the valley consumptive use (K) is equal to the 
amount of water that flows into the valley during e. 
12-month yea.r (I) plus the yearly precipitation on the 
valley floor or project area (P) plus the water in ground 
storage 2 at the beginning of the year ( G,) minus the 
amount of water in ground storage at the end of the 
year (G.) minus the yearly outflow (R) j all a.mounts 
measured in acre-feet. The consumptive use of water 
per acre of irrigated le.nd is equal to (K) divided by 

I Pt11 tb11 GIii of mulDmm mop produetkm the -.m:l)tin 1111 will l)l'Obably 
u;Olld that far tb.t a111 al l'nll'BP crop 11C'114uct.lOD. Tim ~ la seaaal and 
tbQl'an applfabill to .W. -· n II -tlal to ohiNlr'N alao tlw Wlilr U!Od 
~J' kit arop ~ llld n(lllblmdclall7 by utl'l"I , a t tlon hi •vap,, 
orat1oD 1:rom bc4I ud 1111d nw IUZ'WielS, 111nc111ded 1n W.s ~. 

I '!'he~ "srom,.d ~" lncludell bot.Ii BJ'II~ 11:ld aap!l]ary W!IW". 

cs.~ t, p.10' J 11-, In the Bureau sodles of cxm.samptive uae fol' yem 
priar to 111118 UIIIZ'll an 110 dMI an.llable ocm~ aaplllary water bl RGrlll, 1.11.d 
tbffon t.bll i*41m baa bam ~. (,Bee equaf.lOD 4, p, 147.) 

Rw Grande, Joint Investigation 

irrigated a.res. (A1); and consumptive use per acre of 
entire valley floor is equal to (K) divided by entire 
valley area. The unit is expressed in acre-fer 
acre or depth in feet. 3 

It has been considered essential, because of extendmg 
the definition of the society committee to include the 
12-month yea.r, and also in order to analyze the Rio 
Grande problem in sufficient detail, to introduce and 
use~ new set of symbols. For instance, the symbol K 
is used to represent the consumptive use in acre-feet 
on an entire tract or va.lleyj Kn the consumptive use 
by crops; and K., the consumptive use by native 
vegetation. 

Stream-flow depldion.-The amount of water which 
annually flows into a va.lley, or onto a particular land 
area. (I), minus the amount which flows out of the 
valley or off from the particular la.nd area (R) is desig
nated "stream-flow depletion" (1-R) and is usually 
less than the consumptive use and is distjnguished 
from consumptive use in the Rio Grande studies. 

Resume or Previous Studies 

The following reswn~ relating to previous studies of 
consumptive use in Rio Gra.nde Ba.sin is designed to 
give only a general view of the work done a.nd to 
designate the public agencies which did it. It is not 
an exhaustive list of efforts to estimate consumr~=....,e 
use; rather it lists only the more comprehensive re 
efforts e.nd sources of experimental data on the pro .. 

The first noteworthy investigation of the effect of 
irrigation in Colorado on stream flow in 'the lower 
valleys was that ma.de by W. W. Follett in 1896 (20). 
He ~onduded :hat :.!rig~tion m '3an :.ms 7 tlJe..,,. 'Jad 
substantially decreasecr ~he a.nn~a.l yield oi the· river 
in the lower valleys. Follett estimated the use of 
water from 1880 to 1896 and made 11a.llowances of 
water per acre,, on 1'irrigated land11 a.long the Rio 
Grande above El Paso. His allowance (or annual use) 
in Sa.n Luis Valley va.ried from 0.7 to 4 acre-feet per 
a.ere; in the Middle Rio Gra.nde Valley from l to 4 acre
feet per acre; a.nd in the Mesilla. Valley from 1.5 to 4 
acre-feet per acre. Referring to these allowances he 
asserts: 

• • • that the amount of w11.ter I have estimated as used 
each year ii not supposed to be all actually applied to the 
beneficial irrigation of a growin3 crop, but it ia intended to show 
the approidm&te a.mount diverted by the ditchu and loat to the 
dramage, being either di&Wp&ted by evaporation or by trans,. 
p.lr&tlon through the growing crops, or held m the soil but not 
quickly ret.Ul'Iled to the drainage. 

• Dtlb.llad eoomdmaUcm ls 11,,1111 ~ lllld 11YD1boll lll UM llilG&loD or &bis repo:rt 
mtUled ''B-.u or .A.a:rttmlmnl E~ Smdim", ~.,. on pp, us to 347. 
Undcm.Ddl.q ol tbae 117mlxlla, IIIPll(llally wtib ~ to !dow (1), outBow (R) 
ud ._..,,, deplslan (1-R} II -tlal to 1111 undemandm& of tile roo· • - of 
prmom lltUd.la. 
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Water Utilization 

In cooperation with the Colorado Agricultural Ex
..,ariment Station a.nd the Costilla. Estates Development 

• 1 the Bureau of Agricultural Engineering conducted 
.igation experiments in San Lu.is Valley on three 

tracts near San Acacio, Colo., in 19121 1913, and 1914. 
The a.mounts of water used each month a.nd during 
the irrigation season were measured for different types 
of soil producing alfalfa, the grains, beets, peas, a.nd 
potatoes (24). 

The Bureau of .Agricultural Engineering, in coopera
tion with New Mexico Agricultural Experiment Station, 
studied the water requirements of many crops in Mesilla. 
Valley and ground-water fluctuations in Middle Rio 
Grande and Mesilla Va.lleys. Results of these studies, 
which continued from 1905 to 1930, were published by 
the New Mexico Agricultural Experiment Station (5), 
(6), (7), (8), (61), and .the United States Department 
of Agriculture (24). 

The Rio Gr(I.D.de project of the Bureau of Reclama
tion has gathered the data necessary for consumptive 
use estimates in Mesilla Va.lley ea.ch year since 1919. 
Bureau of Reclamation engineers have also ma.de 
estimates of consumptive use in the Middle Valley 
(12), (17), (18), based on a 2-year study (1927-28). 
Data collected by the Bureau are reviewed in some 
detail at a later place in this report in the discussion of 
""nsu.mptive use for each of the va.lleys. 

'l 1919 Conkling 8Jld Dehler (12) in a. study of water 
..,ply, irrigation, and drainage on the Rio Grande 

gave particular attention to the consumptive use of 
water, although of necessity they made many assump
tions. That they considered the study of consumptive 
11se of ~pecial :,.,.,por;_ance ~:s ;learzy ~ndem ;.n -:heir . · 
statement which ioilows: · 

There is also & pe.ucity of data. on collSumption of irrigation 
water. The basis of the entire report is the co11Sumpiion of 
water. Not only does the supply for the Rio Grande project 
depend OD the consumptioD in the Middle Rio Grande and the 
Ban Luis Valley but on each project conditions a.re favorable for 
re-use of return :flow by the acreage OD the lower end. 

Although theze is a lack of e:rlemive data conceniing con
sumptive use in field conditiou, yet such as do exist point to & 

much greater uniformity for this than for divendons. That is, 
consumptive use with any ordina.ry economical method of irriga
tion e.ppean to be independent of diversion. Above a certain 
amount, sufficient to supply couumption, each acre-foot diverted 
will, if dra.lnage ia perfect and water does not atand on the 
aurlace, cauae an additional a.ere-foot of retum :flow. 

From 1922 to 1928 the Colorado State engineer's 
office ma.de many studies of Rio Grande irrigation 
problems (36 to 44). 

During 1925 and 1926 that office made extensive 
le.nd surveys looking to the determ.ina.tiou of consump
t.; .. ~ use of wat.er in certain parts of San Luis Valley 1 

i.n 1930 it completed a report of the consumptive 
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use .in the ma.jor valley divisions (67). From 1930 to 
1932, inclusive, it conducted experiments on a tract 
of some 17,300 acres for. the special purpose of fin<U.n¥ 
the consumptive use (70), (71), (72). 

In 1915 the Colorado Agricultural Experiment Sta
tion published a. bulletin based on its cooperative work 
with the United. States Depaitment of Agriculture 
during the years 1912, 1913, and 1914 (11). It con
ducted climatic studies also, the results of which were 
published in 1917 (53). 

During the period 1924 to 1932 the State engineer's 
office of New Mexico and the Rio Grande Valley 
Survey Commission conducted survey work in the 
Upper Rio Grande Basin relating to net irrigated areas 
and consumptive use of water (26), (27), (32), (49), 
(50), (51 ), (52), (78), (79). 

New Mexico .Agricultural Experiment Station, in 
cooperation with the Bureau of Agricultural Engineer
ing, has done much experimental work on the net dut:v 
of water. Most of the results of these studies ho. ve bee~ 
published by the station (7), (8), (61). Some a.re used 
in this report as a basis for estimating the consumptive 
use. 

Results of studies of the various phases of the Rio 
Grande irrigation problems by the Bureau of Reclama
tion and by the State engineer's offices are presented 
largely in unpublished engineering reports. Most of 
the engineering reports include discussions on water re~ 
quirements which are of necessity based largely on 
assumptions ll.S to the consumptive use of water in the 
different va.lleys. Brief n·iference is here made to some 
of the noteworthy reports and their authors, and also 
".O ·Jie 7ariaoilit"7 '.Il !Onsumt:ti,e "180· estimates. 

ln ~diti~n ~ the Corucling-Debler repo~t (1919) 
hereinbefore mentioned, R. I. Meeker, consulting engi
neer for Colorado, in a series of reports from 1922 to 1930 
(36 to 45) made numerous computations based on as
sumed values of consumptive use; R. J. Tipton, special 
~eer for the State of Colorado, ma.de many reports 
from 1924 to 1935 (65 to 69) relating to Rio Grande 
water problems and most of them include consumptive 
use estimates and analyses. E. B. Dehler, Bureau of 
Reclamation hydraulic engineer, has done much work 
relating to consumptive use in the Rio Grande Upper 
Basin as evidenced in his reports of 1924, 1927, and 
1932 (15, 17, 18); Charles R. Hedke, engineerfor New 
Mexico, made a specio.l report on consumptive use in 
1924 (26); E. P. Osgood, engineer for New Mexico and 
Texas, considered it in 1928 (50 to 52); R. G. Hosea, 
New Mexico e.Dgineer, made brief reference ir. 1928 (32) 
to the ls.ck of reliable data, and later in the water re
quirement studies of Middle Valley (9)he made extended 
application of consumptive use estimates based on 
comparisons with Mesilla Valley data. A. W. New-
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comer (49), D. C. Henny (30) and others also recognized 
the importance of consumptive use de.ta. Herbert W. 
Yeo and R. F. Black (86) in 1931 made a. 3-volume con
fidential report for New Mexico based on E. P. Osgood's 
San Luis Valley work of 1927-28. Consumptive use is 
given prominent consideration in the Yeo-Black report. 

There is co~derable variability in the estimates 
ma.de by engineers and others for unit values of con
sumptive use in each of the three major valleys. This 
is not unusual. It is difficult to make precise estimates 
because there a.re so many variable f a.ctors influencing 
the consumptive use. However, some variability in 
estimates is attributable to la.ck of specific definitions. 

San Luis Valley 

Most estimates' for San Luis Valley o.re in reality 
estimates of stream-flow depletion (J-R) rather than 
of consumptive use as defined by the Bureau of .Agri
cultural Engineering to include annual precipitation 
a.nd draft on ground-water supplies. (See p. 326.) 

However, for the San Luis Valley, there seem to be 
two types of estimates-one being those estimates that 
have been bnsed on comparative data from otber locali
tiest pnd tbe other, those based on direct measurements 
of inflow, outflowi and precipitation in the vnlley, which 
in substance accord with the Bureau of .Agricultural 
Engineering (inflow-outflow) method A. (See p. 345.) 
:Most of the estimates based on comparisons with other 
v.a,lleys were mRde in the earlier years, and the estimates 
based on direct measurements during the later ;vea.rs, 
with but Jitt.le overlapping. 

Chronology is considered an important factor in the 
nu.:iy 'Of ~-ansumptive :i.se oi-.,.ater: rheref q:re the follow
ing estimates for San Luis Valley nre preseme<l as nearly 
as practicable in t.he order of the time when they were 
ma.de. 

A condensed outline of the plan and order of presenta
tion follows: (1) Early estimates by engineers, based 
largely on comparisons of the Valley conditions with 
other valleys in which stream-flow depletion mea.sure
men ts had previously been me.de. (2) Estimates based 
on measurements of inflow n.nd outflow, and in some 
cases also on precipitation, thus applying method A. 

Early Estimates by Engineers 

Most of the early estimates of "consumptive use" 
for San Luis Valley a.re really estimates of stream-flow 
depletion, that is (I - R) of equation 41 page 34 7. Wben 
given in a.ere-feet per year per a.ere of irrigated land, 

• The term "a;timate~ Is applied to al.I -pt!fl uae obaerTatlom f!M' large 
are&J1 becallMl or the DWlY Tariable r..cton 1111hleb Influence OODS1llllptive wie IUld 
becallllE It la impm.ct!cal to .measurB them all. 

Bio Gra'TUU Joint Investigation 

they are considered in this report o.s unit irrigated o.ren 

stream-flow depletion, i. e., ( 
1 AiR}5 

The annual precipitation (P) and the change in th~ 
amount of gravitational ground water (G1-G1) are 
usually not included for San Luis Valley. Therefore, in 

_,:t th t· hi h ' all · 1-R re1W y, e quan 1ty w c 1s usu y reported m-::r;· 

It should be observed, however, that I-R (stream-flow 
depletion) results in po.rt from consumptive use by 
cropsJ and in pa.rt by native vegetation, together with 
evaporation from water surfaces and from bare land 
surfaces. In valleys in which the ratio of irrigated area 
to the total area (A) is small, say two-thirds or less, 
it may be misleading to debit (J-R) to irrigated area 
alone, especially if the valley water surf ace o.nd native 
vegetation areas are large. 

Estimates ma.de by engineers heretofore a.re reported 
as a.ere-feet per acre irrigated in terms of stream-flow 

depletion regardless of rainfall, that is 
1 ~

1
R, and also 

as strea.rn-ftow depletion plus the annual ra.inf e.ll divided 

b h . . d I+P-R . 
y t e llTlgate area, or as Ai · In attempting 

comparisons of pa.st estimates, special effort is necessa
to see that the estimates are comparable. 

Conkling-Debler.-In 1919 Conkling and Dehle., 
Bureau of Reclamation engineers, on the be.sis of 
results of 2 years' obserrations of consumptive use in 
the Boise Valley. Idaho, and 9 years in the Cache La 
.?ourire Vatley;· C5io., astimacea.· :he ··1:>enerlcial ~on
sumptive use" in San Luis Valley, exclusive of rain.fall, 
a.ta.bout 1.25 a.ere-feet per irrigated area; for the moun
tain ve.lleys tributary to San Luis they placed the 
estimate at 1.0. They found the_ stream-flow depletion 
to be 11041,000 a.ere-feet per year, of which they esti
mated 460,000 acre-feet wa.s beneficial consumptive use. 
The balance was considered e.s wasted evaporation (12). 

Meeker.-R. I. Meeker first made an estimate for the 
San Luis Valley in May 1924 (37) of 0.9 acre-foot per 
irrige. ted a.ere of drained lands. 

In August 1924 (38) he estimated the unit stream-flow 
depletion a.s 2.1 excluding rainfall, and attributed the 
high value to incomplete drainage in parts of the Ve.lley. 

In June 1926 (40) he estimated the San Luis Valley 
stream-flow depletion as 2 acre-feet per a.ere of irrigated 
land. 

1 Jnllow (n; outflow (B); !mpted 11r1111 (ld}. See pp. 145 to347!or CX11Dplm l,lst of 
Q'Dlbms and ror dl!lrlvation or equatioo 4. 
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lf'ater Utilization 

In 1928 (43) he wrote that the beneficial consumptive 
··"e in San Luis Va.Hey should be about 1.0 acre-foot 

acre of irrigated land. 

Large Area Studies 

In the pa.st studies of "consumptive use" of water in 
Son Luis Valley different tracts of land have been used. 
A brief description of four of the tracts is given in the 
following paragraphs: 

l. R. J. Tipton's measumments for the Conejos area, the 
southwest aru minus Conejos Basin, the north area for the years 
U:121 to 1929. (Data from Tipton's 1930 confidential report 
(67), Appendix I, tables 3 and 11. Inflow and outflow data 
based on Colorado State mea.surements--a.reas irrigated measured 
by Tipton in 1925 and 1926 under direction of Meeker.) 

2. Tipton-Hart experiments on Bov.-en-Ca.rmel ares. oi some 
17,300 acres of 11·hich the "average area irrigated" is 12, 76-0 acres. 
(Data from three Tipton-Hart reports (70), (71), (72), 1930, 
1931, .11.11d 1932.) 

3. Yeo-Black report (86) regarding tracts in 1,1,·ater districts 
20, 21, 22, and 26 and for the entire valley. (In1io11• and outflow 
data largely from water commissioners records as quoted by 
Osgood. Areas irrigated based on Osgood's 1927-28 surveys.) 

4. Hedke-Bli11.11 entire valley estimates for the 24-year period 
!900-1923, inclusive. (Inflow and outflow data from Hedke'11 
January 1925 report (27). Irrigated areas baaed on surveys of 
Osgood, 1927-28; Bliss, 1932; and Dallas, 1934. The results 
of their surveys were uaed by J. H. :Blil.!8, August 1936, to find a 
correction factor for the Colorado water commissioners' area 
- ""ell.) 

;pfon.-Extensive and detailed estimates of past 
"consumptive use" of water in three major dhisions 
of the San Luis Valley were ma.de by R. J, Tlpton in 
his :report dated March 1930 (67}. These estimates are 
based on details of water inflow a.nd rmtflow :neasure
.:nents :.ogether · mtb measurements 0i :rr.gateci areas 
which are reported fully in tables and illustrated in 
pa.rt in graphs. The report was made for the State 
engineer of Colorado, and was of a confidential nature. 
References to it in the follovd.ng paragraphs and pages 
of this report are ma.de solely upon the responsibility 
of the Bureau of Agricultural Engineering, the State 
engineer of Colorado reserving the. right to revise nnd 
correct the dntn as later study and experimentation 
may require. 

Tipton concludes that the 11r-0nsumpt1ve use" in parts 
of the San Luis Valley-notably in the Conejos area.
is appreciably higher than it would be if water were 
held in storage reservoirs until late sea.son when needed, 
rather th.a.n applied in excessive amounts during April 
a.nd May to effect storage in the soil in an atwnpt to 
alleviate shortages during July and August. 

Measurement of areas of land actually irrigated is 
vital to the accuracy and the reliability of estimates of 
i;+ft"11m-flow depletion in terms of acre.feet per a.ere. As 

een shown in preceding pa.t't.a of this report, n.rea.s 
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reported by the water commissi(IJlers of divison no. 3 
may be appreciably higher than the actual areas irri
gated. Tipton says (66} that the water commissioners' 
reports a.re invariably high, because the tendency of the 
f a.nner is to report a. high acreage in order to get a 
mu::imum of water. 

The special field surveys of irrigated areas in San 
Luis Valley by Tipton in 1925-26 under the direction of 
R. I. Meeker arc the first such surveys in &.m Luis 
Va.1.Iey of which the Bureau is informed. They appear 
t.o be more accurate and reliable than the water com
missioners' estimates. He found the total irrigated 
area. for the Valley to be 494,200 acres, which is 80 
percent of the 621 1836 acres reported by the water 
com.missioners for 1925, and 76 percent of the 653,564 
acres reported for 1926. ~ 

Tipton's stream-flow df>pletion measurements, as 
reported in 1930, are summarized as ta.bles 23 a..nd 24 
and consolidated in table 50. 

For the Conejos Basin (table 23), he used a round 
number of 75,000 acres irrigated, as compared to 71,280 
given in his 1935 report (69). Based on the area of 
75,000 acres, assumed constant for the years 1921 to 
1929, Tipton found the average stream-flow depletion 
equal to 2.58 a.ere-feet per a.ere. The minimum was 
1.l 6 in 1924 and the maximum was 3.22 in 1929-nearly 
three times the minimum. 

Table 24 represents the "southwest area minus the 
Conejos area." for 1921-29, being 115,890 acres of irri
gated land, of which 33,000 acres is drained. It shows 
that the average sf.ream.flow depletion per irrigated 

TABLE 23.-Water COn$um1:1lion. in Coneios Basin. San !.-1.1.i! 
·• ""l' tilley, Colo. • 

[76,IX(J - lnlgatedJ 

In!low 1n 1,000 8-il!et Outflow In l .000 lld"e- Commi:lptlon 
feet 

Yem Colle- Total Per 
Los San Collll- La In acre (im. PlnOll Aot<>nio Total jo,s Jam Total l,000 ill 

(Ortii) (OrUi) mouth drain IIC11l- acre-a:otc) feet feet 

(I) (2) (3) (4) (5) (6) (7) (8) (0) (JD) 

--------
lli2L---••-- .200 IIO 15 36.5 154 • 1118 'Jlll 2. 76 
JIIZ! •••••••• 311 107 22 +10 :z.54 6 2IIIO 180 :uo 
111:Zl. - • ·---- 392 1311 42 &23 - 10 306 :m 2. 811 11124 _________ 28,1 1111 J? 3W 304 II 312 $7 l.16 1025 ________ :133 76 9 318 Ill 8 119 219 2. 92 
llllll. - - ---·- MG 9@ 25 m 185 6 191 181 2.42 
11127 •••••••• 345 no T, 4112 346 5 251 :Ml 3.20 
lVllll. __ ,. ___ 1112 73 rn 280 no 15 115 UIS 2.20 
1~-----··· 323 101 :Ill 450 11111 18 ,m 243 3. 22 
111:!0 •••••••• - 113 16 316 130 i 137 178 2. 37 
11131- •• ---·· 131 37 5 179 34 7 41 138 l.84 
Ul32- ••••••• - 148 23 MO am 7 312 Zl8 B.IM 

11133. ·-·-··· 214 73 17 304 113 7 130 lM :us 
llil3f_ - ------ 110 29 3 142 25 7 32 110 L47 

11tnfm.W. 
NOTll:!I.-Data for tbe ,ears um w um, lnclml,,,_. tu:en frnm table u of R. J. 

Tipt®'I 1930 report. Tile 11129 flirmes npmaent nme n1ooths only. Pats for 1.bc 
Yell"II 19:KI w 1D:U, Inclusive, comput.ed by the Bureau of Aarlcultura.l En;inecr!n1 
CD the bNls or watar -llt reoord.s of tbe Colqrado Stat.e onrioecr. 

All the n,,wts sb011.-t1 ill column lo 1n 1-.:1 on tile con"8111 aroa or 7S.OOO -. 
wblch was u.ed by Tlpl.oll ror tile years ur.u to 111211. 
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acre for the period is. 1.92 acre-feet, the minimum 1.05 
acre-feet, and the ma.xi.mum 2.50 a.ere-feet. 

For the north a.res. of 1791170 acres and the srune 
period of years the average stream-flow depletion is 2.06 
acre--feetper acre, the minimum 1.87, and the mim.mum 
2.40. 

In August 1933, in his "Synopsis of Engineering 
Report on Intersta.te Phases of Rio Grande and Pro-
posed 1Sump1 Drain and Sta.te Line Reservoir", Tipton 
esti.ma.ted (68) the "beneficial consumptive use" in 
the "dead", or closed, area irrigated :from the Rio 
Grande as 1.2 aere-f eet per aere, excluding rainf a.ll; e.nd 
for the portion of the closed area irrigated from streams 
other than the Rio Grande he estimated the consump
tive use as 1.5 acre,.feet per a.ere. 

T,1..1n,11: 24.-Water conaumption in 11outhweai area minw Ci:mejo:i 
Balin, San Lui~ V' alley, Colo. 

(ll.5,81l0 aerts btlpted, of which 33,000 11:fl!ii ll dnlnedl 

lnl!O'II' m 1,000 .-tee& Comumt>-
Out-- twn• 
tlowi 

YNr Dhar- Rio In Total Pet 
llom Red: JJa. 14 Grande u 1,000 ID IICl'8 
rmm C1'lll8k mosa ,_ 

(AU.Ill- Jlll'll Total - 1.00:, ID 
Rio Rive CNel! drain reet --Grande mosa) feet fee! 

(l) (2) (3) (4) (5) (ti) (7) (8} (9) (10) {11) 

--
11121 •••••••••• lei, 8 lOll 16 1136 ' IIU m 221 1. 91 
urn .••••.•••• lQl 10 m 23 &55 e 710 f2S m 2.44. 
11123 •••••••••• 1lMI 12 110 218 ffllS lO 63G 400 :DI! 2.04 
lffl.. ••••.•••• 138 18 91 :13 804 8 l!02 -MO U3 L05 
b. ......... 1111'1 111 86 l4 11141 8 Ml m ZIil 1.81 
1926., ••••••••• 100 1g '18 18 1113 II 434 :Ml 193 1.m 
ll'J7-········ 318 no 113 18 44)11 5 770 481 2811 2. liO 
~-········ 163 •& 6' ]£ 1511 I& 4M 21S 11113 1.67 
1929 •••••••••• 216 • 12 911 JC 221 •8 !68 210 349 2. l~ 
1930 •••••••••• I'.! 4 'r3 13 163 7 822 231 01 .80 
11131. ......... 102 l 15() 7 C1 7 fi4 1(18 ue 1.00 
11132 •••••••••• lM3 8 uo lG 177 7 571) 2158 1!02 2. Gl 
1m .••.•••••. 110 ~ 71 10 77 7 29) lil7 11'>3 1.112 
111:M. ......... 96 I 311 11 li8 7 llll5 ~ 1U .1115 

Bowen-Carmel area stu.di.es.-Tipton-Ha.rt Experi
mentB.-Consumptive use e.xperi.mentB were conducted 
in the Bowen-Carmel area in San Luis Ve.I.lay by the 
State of Colorado under the direction of the State engi
neer during the yea.rs 1930, 1931, and 1932 (70), (71), 
(72). The field work was done under the immediate 
supervision of R. J. Tipton, special engineer, reporting 
to M. C. Hi.nderlider, State engineer, F. C. Hart, 
special hydrogra.pher, me.de the measurements and kept 
the experimenta.l records. All inflows to and outflows 
from the Bowen.Carmel tract below the Monte Vwta 
C1Wal and above the Empire e&ne.l were measured. 
Automatic et.age registers were me.intained except for 
the smaller ditches in 1930, when sta.ff gages only were 
used. It is probable that the error of inflow-outflow 
measurements does not exceed 10 percent. 

Bio (}mruk Joi~ ln~stigation 

The area of land actually irrigated in the two con
sumptive-use experimental tracts was measured with 11 

fair degree of precision in 1930, but in 1931, beca.ur 
inadequate financial support for the work and conm 
able variation in u.se of land ca.used by the serious 
drought, there was uncertainty a.a to the area. of land 
:irrigated. More reliable area. measurements were 
me.de in 1932. 

The area. included within the exterior boundaries of 
the experim.en tal tra.ct was 17,300 acres and the irri
gated area. for ea.ch of the 3 yea.rs was 13,360, 81703, and 
12,3991 respectively, me.king an average of 11,488 acres 
irrigated, or 66 percent of the gross area. Measure
ments of the irrigated area were probably less accurate 
than the water measuremen ta; nevertheless they are 
considered reliable e.nd accurate in comparison with the 
water commissioners' estimates. 

Both the Bowen and Carmel lands are well drained. 
The feeder lines of both drainage systems a.re of tile, and 
the lower and outlet lines a.re open ditches. 

Results of these San Luis Valley consumptive use 
experiments a.re recited by Tipton a.nd Ha.rt in three 
annual reportB (70, 71, 72), which include many details 
related to wa.ter measurements, climatic de.ta, drain 
discharges, and monthly amounts of consumptive use. 
There were no observations of depths to water tablei 
hence the quantity (G,-G.) of consumptive use 
equation 4 (p. 347) cannot be evaluated (70). 

The Bowen-Ca.r:me.1 experimental tract is wholl 
the "live'' &rea. of the Valley. (See fig. 78.) Oi 1.1..it: 

gross area. of the experimental tract 88 measured from 
the me.p {17t300 a.cres), the water sur!e.ce and bare 
limd areas a.re C?nsidered. negligible.6 Therefore the 
iross ·.i.rea· :n.inus ili.e :rrigateci ..i.rea. ,pves approximately 
the area of native vegetation, namely, 4,540 acres. 

Results of Experiments.-A resume of the results of 
the 3 years' work is given in table 25. 

Total 
Stmlm• ~~ ~n:r~ flow Total lltrM.m• Area clfsl)l.- Irrigated elltll'e 

flow lrrl• tiOll 
aomump- - -YIIIII' deple,. r~ (~· 
tl'9$119e e+~~R), (I+~-R), tlon U+P-R),1 

(1-R), - aen,.feet 
IIGl'&-!eet a.cn,.feet ICl"&-fliet aore-teet 

per IICl'II pviwre JJm' acre 
(1) (2) (3) (4) (LI) CG) ('1) 

lllaO ••••••• 115.1'1 IJ,lleO 1.13 ill,ffl LIie 1.52 
lGlill. •••••• 10,924 8, 71)3 l.25 21,()116 2.42 L2'.l 

• a. 830 1,87 * 21,0G6 •us • 1.22 
lm... ····- 11,IIOl 12,3\111 us 111,296 2.112 I.SI 

AYlfllll'I. 11S,4M 1.t2 :116,215 uo uz 

1 l!"'r«lll:litadOD (P) mmpn$ed OD ~ 1111m of ouUN a.rea of tn.ota, 17,300 acres . 
• Totaf ~ illll'l&P, 
I No$ lnllbidad In ll'f111'1i11, 

• T.bln II ~ m.o fNo waw 1Qrfl,ce wttbln the tn.ct, tt bellll bowl.did on 
wt) t:ld.a by two m&itr IIUlllla. l:ettnmtlng tb1 ba,ra l&nd In roe.dWII~ II II IV' -' 
IIN& lride u.d 11 m!lee l.m!I, llhu,n &bat tht fflll It oceaplm ta on.I:, -hair o 
IW!lt cl ~ IJ'1l&1I IIN6 u.d thllhf<n m,alliible. 
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Water Utilization 

Column 2 shows the net stream..flow depletion; that 
is, the inflow minus the outflow for the combined 
Bowen-Carmel areas. Column 3 shows the irrigated 

~a., which in 1930 was measured with a fair degree of 
.. :u.racy. With reference to th.is, Tipton and Hart 

said: 
A cruise was made of the land in both districts. Most of the 

tract.a were reg-u.l&r and followed la.xid linee, except in the case 
of 110me of the puture l&nda. All pasture land upon which 
water WB,S actually ued, either waste or direct irrigation, was 
included in the Irrigated acreage, but brush pasture wu not, 
unless there were areas of gJ"MS on which water was med, i11 
which caees the acreage of grass wu included. A small compass 

, wu used for obtaining directions and distanei!s were paced, in 
ma.king the determination of irregular grass acreage. 

Early hi the l!le&Son ea.eh farm<!r was vi&!ted and questioned as 
to the &ereage he had planted of the various crops, and other 
land on which water was being Ul!ed. The figures thus obtained 
were subsequently found to be high upon comparison with the 
areas determined by the cruise. 

The 1931 area measurements were less accurate tha.n 
those of 1930, la.rgely because the extreme dryness of 
the sea.son complicated the determinations of areas. 
Concerning the 1931 areas Tipton a.nd Hart said: 

In the determillll.tion of the irrigated area, the dryness of the 
aea.son made an a.ccurate determination of the land irrigated 
impracticable. As a result, the area i.mgated, u.d the con
sumptive use also, must lie between two limits. (1) One limit 
ie defined by the area of cropped land, the (2) other by the ana 
of land to which water was known to have been applied. 

The values of these two a.rea.e were obtained from the individual 
lers, and cheeked against the area determined by the 1930 
.se of irrigs.ted acreage. The crop production, and the 

.ere.age, however, were a.loo obtained from the farmers them
selves. 

Tipt.on and Ha.rt made the following statement con
ce~ 1932 irrigated areas: 

:"ile i.:rop acreage, area irngatea, :ma prociuction .tigures were 
all gathered from personal interview of the farmers in the ares., 
u limited time and funds made it impracticable to again cruise 
the uea. The acreage irrigated was checked against the cruise 
of 1930 and the result.a from 1931 in each individual cue, and 
is comidered to be fairly accurate. 

For 1931, beta.use of the uncertainty in the m.easUl'e-
ments of irrigated area, both the 8t703 acres to which 
water was applied and the cropped a.res. of 12,530 
acres a.re reported in table 25. These areas may be 
considered a.a "minimum" and "m.mmum" for the 
season. Certa.mly the stream-iiow depletion (column 
4), e.:nd consumptive use (column 6), based on the 
maxim.um area. of 1931, are too low because the water 
used was not enough to mature ordinary crops on this 
a.rea.. 

It is believed that the quantities L13 and 1.25 of 
column 4, representing stream-flow depletion per irri
gated acre, rmd the quantities 1.52 and I.22 of column 
7 'l'epresenting consumptive use per acre in entire area., 

lower than the a.mounts for the area. normally 
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essential to eatisfa.ctory crop production. Both the 
yea.rs 1930 a.n.d 1931 were adverse to crop growth. 
Concerning 1930, Tipton and Hart wrote as follows: 

The BeMOll of 1930 wu not normal. The iirst pa.rt of the aea
aon wu very dry, with high winds a.nd cold night.a prevailing. 
After the middle of July ample water was available due to copious 
raii:u!. Although the sea.son was not 1:1orm&l, yet, in general, crop 
production over the area investigated was about normal. * • • 

The 1'elJU]f.a of &IJy consumptive-use determination for a single 
IH!UOD cannot be considered as conclusive. This is eapecia.J..1y 
true when the seuon is not a normal one, u WM the case in 1930. 

The early part of the season wu chara.cterized by high winds 
of sustained duration and cold nights, the last k.illiDg frost of the 
spring occurring on June 23. The weather after that wu dry 
and we.rm, with considerable wind. 

During June 1md the early part of July the demat1d for irriga
tion water far exceeded the supply. 

That 1931 was a. year of unusual and serious drought 
is well known. The figures for 1932 a.re probably more 
nearly representative of consumptive-use requirements 
than those for either 1930 or 1931-indeedt more nearly 
representative than the average results for the 3 yea.rs. 
It is probably conservative to conclude that the average 
of the 3 yea.rs is representative of the minimum use for 
normal yea.rs on the area. studied, and that the figures 
for 1932 are more nearly representative of the maxi
mum. In cohm::m 4 the 1930 magnitude ol stream-flow 
depletion per irrigated acre is 80 percent of the average; 
for the 8,703-acre a.rea of 1931 it is 88 percent, and {or 
the 1932 area it is 132 percent. Perhaps it is not 
extravagant to say that the average is subject to u. 
variation of plus or minus 20 percent . 

Yeo and Blaclr.-To. 1931 Herbert W. Yeo, State engi
neer of New Mexico, assisted by R. F. Black, completed 
their voluminous report on Water Supply, Irrigation 
and Drainage in the San Luis Valley :mcl • .Adjacent 
)Tort.hem J...reas ~86), ibicn contains many data on 
"consumptive use" of water in San Luis Valley gath
ered by E. P. Osgood in 1927-28. Lack of ·funds in 
1929 delayed the completion of the report of Osgood's 
findings, hence his data were later examined and classi
fied by R. F. Black and transmitted to Herbert W. 
Yeo, State engineer. 

The Yeo and Black report, in addition to containing 
the results of Osgood's 1927-28 area surveys, included 
descriptions and discussions of irrigation conditions in 
ea.ch of the Colorado State water districts nos. 20 to 27, 
inclusive, e.nd 35. For ea.ch water district, wherever 
practical, an estimate of the stream-flow depletion 
("consumptive use") wa.s ma.de and details for the hues 
of the estimates presented. The entire report wu of a. 
confidentis.I nature a.nd was not published. Refer
mees to it in the following paragraphs and pa.gee of this 
report are ma.de solely upon the responsibility of the 
Bureau, the Stu.te engineer of New Mexico reaerving 
the right to revise a.nd correct the data as Iatm- study 
and experimentation may dictate. 
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Yeo and Black say concerning water district no. 20 
that data presented demonstrate an average use, from 
measured inflow since 1912, of 1.99 acre-feet of water 
per irrigawd acre du.ring the irrigation season and 2.04 
acre-fee.t for the year. 

One of their tables shows that for the period 1915 to 
1928, inclusive, the minimum stream-How depletion for 
water district no. 20 lands was 1.68 acre-feet per acre 
of land irrigated in 1921. The maximum of 2.43 came 
in 1916 and again in 1922. For this 14-year period, 
according to Yeo and Black's table, the average 
stream-flow depletion for district no. 20 was 2.01 acre
feet per acre of irrigated land. 

HoweT"er, certain corrections of these estimated 
amounts were made, after which Yeo and Black con
cluded that a summary of the tabulation showed a 
mean use of water, or depletion from the stream system, 
since 1912, amounting to 2.29 acre-feet. per a.ere per 
year in water district no. 20. This figure did not 
include water derived from artesian wells. 

For district no. 21 data were available to Osgood, 
Yeo, and Black for the year 1927 only. On the basis 
of these de.ta a.nd the assumption "that all outflow 
through Alamosa River is derived from water district 
no. 20, as calculated in the estimate of depletion in 
that district'\ they found that the stream-flow deple
tion ("c.onsumptive use") was 2.6 a.ere-feet per acre 
i.rrige.k.d per year. 

On the basis of Osgood,s 1927 field studies the irri
gated area. in water district no. 22 was taken by Yeo 
and Black e.s 76t000 acres. State of Colorado inflow 
measurements for the years 1921 to 1927 inclusi\'e at 
the follov;i.ng stations were used (Pl.11 ) : 

· :' c)nejos ,A.in~ :t :.!ogote. 
San Antonio River at Ortiz. 
Los Pinos River above Ortiz. 
McIntyre Springs estimated. 

Tho outflow m<'o.surements were: 

Conejos Uh·cr n1- mouth. · 
San Luis Vnlky Drninngc Di:s1rir.t ~n. l, l'Stimulcil 011 h:u;i,; 

uf Hl2i mcnsurcmcnts. 

Thf! o.vern.ge stream-flow <l<>plet.ion, bnscd on men.s
uremcnts and estimates as above for the years 1921 to 
l 027, was found to be 2.67 acre-feet per acre of iniga.ted 
land (86). 

Yeo and Black asse.rted that there were no available 
data on which to estimate the st.ream-flow depletion in 
water districts nos. 24 and 25 (86). 

For water district no. 26 there was no surf ace outflow; 
the inflow was 2.9 a.ere-feet per irrigated a.ere, which 
is considered as the stream-flow depletion for the 
district. 

The Entire Valley.-Considcring San Luis V11Hey as 
o. whole, Yeo and Black estimated tliat the stream
flow depletion for the years 1918 to 1927, inclusive,· 

Rio Grande Joi~ Investigation 

averaged 2.10 acre-feet per acre for 570,000 acres of 
irrigated land, the area which they assert had been 
found by Osgood in 1927.7 The minimum stream-' 
depletion was 1.92 acre-feet per irrigated acre and. 
maximum was 2.30. It should be noted that the area 
570,000 acres which was considered constant for the 
period 1918 to 1927 is 73 percent of the 779,671 acres 
reported as irrigated in 1927 by the Colorado division 
engineer for division no. 3. It is 131 percent of the 
435,790 acres reported by Colorado division engineer 
for 1918, and 94 percent of the a.'ferage irrigated area 
for the peri<;id 1918-27 as reported by Colorado division 
engineer, nnmely, 607,970 acres. 

Yeo and Black estimated the San Luis Valley area 
on which water might be applied if available as 1,065,000 
acres, and by including all the annual rainfall, esti
mawd e.s 7 inches 1.1.,ernge, they found the average con
sumptive use to be 3.17 acre-feet per irrigated acre. 

Yoo and Black concluded their discussion of "con
sumptive use" for certain parts of San Luis Valley with 
the follo'\\ing estimates: 

Attt-fed p,r 
fm9al..:l aer; 

per JrQr 
Rio Grande Drainage DistritL___________ 1. 40 
Southwcsiern area range 1.71 t-0 2.15 and 

average______________________________ 1. 85 

Entire Valley _________ ._---------·----._ 2. 10 

They suggested that with complete drainage for th"' 
entrre valley the depletion might be reduced to f 
1.50 to 1.75 acre-feet per irrignted acre per year. 

Ot,ker estimates for entire t,'alley.-Efl'orts have been 
made by several engineers to estimate, as far as prac. 
tical, the annual amounts of stream-flow depletion for 
the entire San Luis 17alley both in terms of total 9cre
:·eet anri acre-ieet per acre irrigawci. The mnjor · d.iffi
culty in making these estimates is the fact that not all 
the tributaries hove been measured. Therefore certain 
nssumptions regarding inflow must be made. Another 
uncertninty is as to the areo. of ln.nd actually i.rrignt<'<l. 
The out.flow from the Valley is of record since 1800 and 
the measurements of it arc C'onshkred reln.tiw•1y 
rclfoblc. 

Irrigated Lnno Surveys.-In 1932 John H. Bliss 
and Rm·sell Dn.llns surveyed the irrigated lands of Sn.n 
Luis Valley. They men.sured distances by automobile 
and plotted all irrigated lands on township plats ho.Ying 
a scale of l inch equals 1 mile. On the basis of these 
surveys Bliss prepared a. large map of the valley on a 

• There Is laclc ol harmony ill the \'alley area reported as b6sed oo OIICOO<l's 1927-28 
llllJ"l'evs. In the rollectiOD or data designated "Report on Water Bupplf, Irrtp1io:c 
and Dmu.ie In Ban Luis VaUey, Colorado" {51) by OIIIOO(i, the 11m table IP"inl 
anas for s water districts of water dl,lsiDll l:lO. 3 llbows Osllood's toial • Mll',471 -
In the Yeo-Black report, tbls area ls ll-1 a.s a hasu ror arthnatina net depletion for 
the yems Jll!lG, JOO,, anll 11128, whlc·h is 2.67 arre-feet per llffl! 1'111' year. Apf"'l?.llllY 
the Yeo-llla,·k estimnte or tb~ ~nll~r nrcn a.• 570,000 nercs nl another r,a;e ol 1heiT 
report is b, ~rror, and aU the strmm-llow deplclinn esllmnl.es on that po,l!e sl,.,u' 
multiplied by tile mt!o ••,~o, to be c01TIJCi, tllus IIIClkillG the a"er&ee for u,, 
ms-r, 11Qual 2.36 lnslA!rad or 2.10. 
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sen.le 1 inch equals 2 miles. The map was in five sheets 
and showed the location and extent of the irrigated 
- -ts. 

il.e results of the surveys by Bli.95 are presented in 
... 1..1le 26 which shoWB areas in eight elassifica.t.ions for 
each of eight water districts. Columns 2, 3, and 4 
show the a:ress of irrigated la.nd which are culti'\"ated, 
used for production- of wild hay and pasture, rn,pec
tiYE'ly. Column 5 gives the total irrigated area for thti 
valley and for each of the water districts. The non
irrigated lands as distributed into five classes by Bliss 
are shown in columns 6 to 10 and the total of non~ 
hngated aieas is shown in column 11. The grand total 
of all land areas listed in table 26 is probably less than 
40 percent of the area of the valley floor. Bliss did 
not cover all the nonirriga.ted nill.ey area but only such 
part n.s 1''8.S necessary to find and map the irrigated 
land. 
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TABLE 26--San Luis l'aUey land& clasaiji.calion in 19Si! by John 
H. Bli,a 
[In acre3] 

Irripled NoDirrlgated 

I 
,: ... 

t . e 
.2 f ,: 

>, . 
!15 .. .. .. c..!! 

I Water distlict .. "' ·- >~ 

~ 3 ~! s e" II ,::-C, .. .$ ... .. - ... ;; " ~ !:i: .. Ii: ,!I 0 

"" 
00 0 u C: 

(I) (2) (3) (4) w (6) (i) (SJ (II) (10) (II) 

---- - -- - - - -- - -
No, 22-------- 48,0SJ 16.4115 ,,6H i2,130I 403 ----·- 1,698 86 6,334 8,521 
No, 21.... .... 47,627 12, 46.'I •. 2311

1

11-4, 331 383 110 3, tw5 . • .. . . 2, ~16 6, se:! 
No, 20 ________ li7,fl'1712\l,ellt T.,041 :131,412

1

1 2,582 2:53 !4,t61! 14010,2:ll 'J:l,665 
l\'o. :is ________ 11,143 6,m 5.00!

1 
21.023 243, 2,956 1,338 ______ 491 s.o:.s 

No. r, ________ 13,2.'12 ll,Ol8 ll,03.'i1 35,300,------ 28 6.#4 ..... _ ------ 6,4.2 
l\'o, 26. _______ 6,052118,514 5.6.W, 30.225, !JS 201 7,1124 ------ at!, B,610 
No. n ........ •.126 30,543 JO,Jo. 44,773 188j 22 3,4&1 78 m 3,11,~; 
~o. 24-------- 26,391 2,572 3,6H, 32,60, ------ l,009 1,388 ------ 5S5 3,672 

Total .. _ 332,310128,1>4774,440163t,S06
1 

3,g1;i s.21s',o,6M 30!120,63570,ll&B 

TABLE 27.-lrrigated area, San Luia l'alley, Colo., reporletl by 
aurvey8 of Oisgood, Blias, and DaUtu1 

I .Al1!3, iD acttS 

Au1horlty Yew-
C'ulti\·ated llay Pasture Total 

Osirood __ .. - - . - .... - - - -• - mr. 3.28, 005 I J;g,46(\ 507,4il 
Bli!<!<.------------------- 11l32 

! 

3.32, 319 128,047 74, «o 534. 800 DallRl' ___ , _______________ 11/3.4 2111, .718 IM,IW\ 42, j;J (28, 737 
19,i/3.8 ' 27,222 33,024 70.1&:1 

I 

1 Includes pa.stun. 
I ll'l'ipted iD 1932 but DOI in Jg:w because of ,.-ater sllorl.llge. 

Area R~sum~.~The results of the Osgood, Bliss, 
and Dallas surveys a.re summarized in table 27. From 
the table it appears that the sum of the area inigntE'd 
in 19341 428,737 acres, plus 70,184 acres irrigated in 
1932 but not in 1934 because of water shortage, was 
498,921 acres. This total is probably nearly repre
senta.th·e of the area that would have been irrigated in 
1934 if the water supply had been normal. With this 
interpretation of the 1934 areas, the average irrigated 
... -.,a. for the years 1927, 1932, and 1934 would be 513,733 ./ The irrigated areas reported by the Colorado State 

enginE>:er for the San Luis Valley as a whole ea.eh year 
from l 890 to 1925 are shown in the upper dotted curve 
of figure 76. The upper heary line curve of figure 76 
shows 70 percent of the areas reported by the Colorado 
State engineer. 

;, and the respective irrigated acreages would be 99 
. .:.ent, 104 percent, s.nd 97 percent of the average. 
This suggests that the area irrigated during the period 
1927 to 1934, as foUDd by the New Mexico engineers, 
was substB.ntially constant. 
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Valley Stream-flow Depletfon.-The Bureau of 
Agricultural Engineering ha.s endeavored to use stream.
flow estimates by Hedke with land. a.res. estimates by 
Osgood a.nd by Bliss, with results briefly shown in the 
following pangraphs. 

The total annual inflow to the valley has been esti
mated by Charles B. Hedke for New Mexico for the 
years 1900 to 19231 inclusive (27). His inflow estimates 
a.re given in table 28t column 21 a.nd the outflow measure
ments he reported a.re in column 3. Column 2 minus 
column 3 shows that the mini.mum depletion was 374,-
500 acre-feet in 1902; the maximum was 1,078,000 acre
feet in 1923, &nd the average for the 24-yea.r period was 
7931800 acre-feet. 

On these bases column 6 shows that the minimum per 
a.ere stream-flow depletion was 1.82 feet in 1907; the 
maximum was 4.14 feet in 1903; and the average for the 
24-year period was 2.52 feet. 

Tilt.Ill 28.-Stream-jww depletion for the yeara 1900 to 19!3, 
entire San Luia Valley, Colo., baaed on irrigated area 

(I) 

!ID)......................... 1,003.1 
lllOl......................... d. G 
11102........... •.•••••••••••. ,n 2 
lm3........ ......... •••••. •• 1,567. 0 
1904......................... m. 2 
1905......................... 1, l!Sl. 0 
11!06 ........................ 1, t:18. S 
lll07 •••••••• ... • •• • .. ••• ..... 2, OH.11 
lU!ll!I .... _................... 1.~ 2 
1909 ......................... J,e1lll,S 
11110 ................ ---·· •••. 1,187.0 
·;g- --·-:···:-~ -·-.· -~::::··: .~roo: 1 
'.913· ............. _ .... ·---· .. · ns.·o 
1914 ••••.••••••••.••• · ....... 1,4011.6 
1915 ..•.•.......•••......••.. 1,261.8 
191& ......................... 1,824.4 
1917 ••••• •. ·- ·- ·····-····· ••• 1,&10,ll 
1918 •••••••••••••••••••••..•• l,W57, 0 
11119 ••••••••••••••••••••• ··-- 1,412.8 
I.S:IO ......................... ll,028. 7 
Ul2l ......................... 1,G'l'l!. 7 
111122 •.......•.....•••.....•.. 1,m11 
im ......................... 1, 77~2 

Avlflll&. ...••.... ..... 1, ftll. 8 

Experimental Studies 

(3) 

10&.o 
llM.O 

SB. 7 
1127. 0 
11!8.0 
1111111.0 
1142. 0 

1,Gl.0 
366-0 
1133. 0 
M&.O 

,. 037. 0 
l49.0 
~.o 
6111.0 
471.0 
7112. 0 
m.o 
mo 
Gl2.0 

1,041.0 
!!83.0 
1174.0 
IIU7, 0 

6'7.0 

(~) 

IIIICI.I 
1154. 6 
174.6 
MO.O 
6118.2 
674.0 
886. 5 
&71U 
897.2 
7&7.5 
631.0 

:.MO. 4 
.._:11. c 

"82. 0 
SIS.6 
'l'II0.8 

l,Oll2. 4 
Sil.8 
mo 
IICIJ.8 
11187. 7 
815, 7 

1,000.9 
l,O'l'll. 2 

'1113.2 

(5) 

.:.tz 
31119 
a.511 
376 
11113 
305 
11111 -"31 
412 
4.60 

DI 

Stmam
liow de

pletion per 
in~ated 

IICl"e c~:) 
lil IICl"e-feet 

(6) 

:. :Kl 
2. 22 
2. :II 
2.82 
2. 27 
:uo 
ll.05 
ll. 48 
1.89 
2.M 
2. 40 

:u2 

Table 29 reports some results of experimental work 
conducted by the Bureau of .Agricultural Engineering 
and the Colorado Agricultural Experiment Station, in 
cooperation with the Costilla. Estates Development Co., 
on three, tracts near Sa.n Acaci.01 Colo. (24). Each crop 
was grown on a group of plots, the groups including from 
2.1 to 11.1 acres. Three farms were involved in the 
experiments. The soil of one fa.rm was one of the heavy 
types of sandy loam, cut up by gravel deposits; the 
soil of the second was much heavier, in some places 

.Rio Gra'TIIU Joint lnoeBtigalicn 

almost adobe, with a few gravel deposits and on one 
aide some sand; the soil of the third was sandy. 

. Tut Experiments 

Meeker hu given the results of tank experimen, 
near Monte Vista on use of water by meadow greas e.s 
follows (43): The consumptive use of water from May 

T.tBLIII 29.-lrrigation water apJJlied monthly, rainfall, and k!tal 
water rectified on «l:perimenta.l tracta near San Acaci-0 in San 
Luu Valley, Colo. (14) 

ALFALFA 

j 
Montbly api,lloatlou of waw lu 

Tol&l QlWlt:;/ of 
E water nceiT by 
::, acre-feet per ecre m>Plllllll'&-(at 
C per a.ere 

Year a .e 
i L l .. i i .. c 

J .. § ~ ~ 1:~ g 

] .. = ;. 
=i .. ... < ells 0 .... Ill 

-----1·--1-- ---- -- ----------
1913 ............ .. 
1913 ............. . 
1913 .••••••••••••• 
1914 •••••••••••••• 
1914 •••••••••••••• 
I9H .............. . 
1914. ••••••••••••• 

1113 •••••••••••••• 1 
1913 ............ .. 
11113 ............... . 

llll3 •••••••••••••• 
1913 •••••••••••••• 
1U3 •••••••••••••• 
1914 •••••••••••••• 
1914 •••••••••• , ••• 

~--·····-\ '913 .............. . 
•. ,913 ........... , ·•. 

lQJL. .......... .. 
1914.. ............. l 

191L ••••••••••. I 
lHL •••••••.•••• 
1DH ............. . 

11113-•••••••••••• 
1913 ............ . 
1914 •••••••••••••• 
1914.. .......... .. 
1914 .............. . 
ltlL ••...•••••.•• 

11113 •••• ··········I 111lll •••••••••••••• 

J.IIIJ_ •••••••••••• 
1913 •••••••••••••• 
1913 •••••••••••••• 
11113. ............ . 
111u .............. . 

Ill o. 77 • • •• • • o. 30 •• • • • • 0. 38 • •• • •• 1.1.5 Q.49 1.84 
4 .&2 0.31 ...... 0.41 •••••• 0.19 1,73 .49 2.22 
Ill .39 .45 -····· .b9 •••••••••••• 1.~ .49 l.92 
a . a2 1. 1& • 11g •••••• •••••• •••••• 2. n • 10 a. 41 
4 , 21 •••••• , 112 • DO • ••••• •••••• 2. 03 • ?O 2. 73 
I • M •••••• , 87 • '5 •••••• •••••• l.97 • 70 2. 67 
a 1.a1 .111 .97 •••••••••••••••••• 2.sg .7o a.a 

BARLEY 

21 O.~ •••••• O.ff ······1······1······10.881 o.381 a . 39 1u5 •••••• cu.; .••••• •••••• u1 . aa 
a •••••• .611 .42 .41, ............. 1.u: .« 

OAT!:l 

2 o.ai ...... 0.,1 •••••••••.•••••••• o.n o.n a •••••. a. u . 12 o. 111 •••••• •• •••• • 12 • 4& 
8 .u ...... .42 ,!12 •••••••••••• 1.46 ,•iS 
~ ··-··· .415 .74 •••••• •••••• •••••• 1.20 .70 
1 •••••• , M • ~ ...... ._.... •••••• L 39 • 70 

PEAS 

~ J·o~er -~:~~ .. 0
::: 1:::):::::1:::: ~:~ l ~: 

,l .:I.', ...... , • .:l() .• J..-l ............. , .. -~ .,, 

"J···-··1 1
•
02 1····--1--····1······1······1 !.J

2 
\ •

70 
4 •••••• .52 .99 .................. 1.51 1 .70 

PEAS AND BARLEY 

1.M 
], 75 
1,91 

LB~ 
1. 
l 
l 
2. 

1.28 
:. 56 
: • .!8 
;, 72 
2. 21 

I ······11.lS 0. 

71 

1······ ······1······1 UQ Io.TO 12. rig 
a •••... .ss . " ••••••••••••.••••• 1.21 • 10 -1.119 • ...... .a: ,111il •••••••••••••••••• 1.n • n. 2.:i. 

PEAS AND OATS 

3 0. 4.2 •••••• 0. 42 0. G2 •••• •• •••••• 1.4fi 0. U LIU 
a ,42 •••••• .42 .112 •••••••••••• 1.~ .45 1.01 
J •••••• L M 1. 00 •••••• •••••• •••••• 2. 29 , 70 :Z.119 
a ••••.. . 119 • • ··-·· •••••• ••• ••• 1. 87 • 10 :z. 67 
& •••••• • 70 .1111 -····· •••••• •••••• l. 88 • 70 2. 211 
4 •••••• , b2 .119 •••••• •••• •• •••••• 1. &l , 70 2. 21 

POTATOES 

'l···--·l····--J 0. 
21 l 0. 

33 l······l··.····l 0.00 l o.u 11.0I! 2 •••••• 0.118 •••••• • 24 ......... -.. .M •• U. .1$ 

WHEAT 

i o. 63 •••••• o. 28 •••••• •••••• •••••• o. n o. o 113 
2 •••••• O.GG .&O •••••••••••••••••• 1.48 ,f2 1.118 
a .01 •••••• .1e 0.111 •••••• ....... .119 .49 1-.s 
i . 4.2 •••••• .42 .G2 •••••••••••• 1.48 .4& UI 
2 .13 •••••• • 78 •••• •• •••••• •••••• L 11 • '/1 1.11' 
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WawU~ 

to Oetober 1927, inclusive, wu 1.49 acre-feet per acre, 
of which 0.67 acre-foot wu supplied by precipitation. 
The depth to water table wu about 8 inches during the 

,mm.er months and 18 inch.es in October. For the 
.mod April 19 to September 14, 1928; the use was 2.17 

acre-feet per acre, of which 0.44 acre-foot was precipita
tion. Two cuttmp of hay per year were made and the 

: irrigation season wu from about May ·1 to September 1. 
Tipton and Ha.rt, for the State engineer of Colorado, 

conducted studies of the use of water by wt grass from 
tanks, and of evaporation, for several yea.rs at Garnett, 
in San Luis Valley. The results for 1927, 1928, 1930, 
and 1931 a.re set out in unpublished reports (70), (71 ). 

The evaporation and transpiration laboratory was 
established at Garnett in 1927 and continued in 1928. 
The station was rehabilitated and placed in operation 
a.gain in April 1930 by He.rt. No change was ma.de in 
the apparatus or in the depth at which the water table 
was maintained in the various tanks. An additional 
salt grass tank· was installed to maintain the water 
table at a depth of about 40 inches, but this tank did 
not begin to function properly until late in the season. 
Micrometer hook gages were irultalled on the free water 
surface tanks. Charles Speiser, United States Weather 
Bureau observer at Garnett, again was retained as 
observer. Readings of all apparatus were made two 
to three times a week. Daily temperature, wind 
movement, precipitation, evaporation, and evapo-

,wspire.tion records were kept. 
Tim.ks nos. 1, 2, 3, and 4 were 3 feet in die.meter and 

d feet deep, sunk in the ground neatly flush with the 
rim and filled with sandy loam soil. The soil was 
placed in -these tanks in the spring of 1927; therefore 
the soil. · to%'ether with the vegetation on it. was well 
,to.oilizeri in :930. . I' .\Ilks nos. : ,-'.:!; ilid ;r'.lad a. srowih 
of salt grass with water levels maintained at approxi
mate depths of 4, 121 and 24 inches; respectively, and 
Tank no. 4 held saturated bare soil. The water table 
.was maintained below the surface by means of Mariotte 
sppa.ra.tus. Tank no. 4A was similarly installed in 1930 
except that it was 4 feet deep with the water level 
kept at about 40 inches below the surface. Tank no. 5 
was 3 feet in diameter and 3 feet deep, sunk in the 
ground nearly ·flush with the rim and filled with water. 
The water level was maintained about 2 inches below 
the :rim. Tank no. 6 was a standard Weather Bureau 
land pan. 

The results of these experiments are summarized in 
tables 30 and-31. The investigation was divided into 
two periods, aepanted by the year 1929 during which 
no records were obtained. Although the Ma.riotte 
·apparatus wu d~ed to hold the water table in the 
soil t.anb at constant levels, :fluctuations of 2 to 
3 inches occurred. Total consumptive use during 

, growing sea.son is influenced by the depth to watert 
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plants located where water is near the surface showing 
the greater coll.Sumptive use because of more luxuriant 
growth and increased soil evaporation. Fluctuation 
of two or three inches 'is, however, too small noticeably 
to influence the quantity of water used by the plant . 

The effect of diff erenees in predetermined depths is 
apparent in the salt grass tan.ks. During the seasons 
1927 and 1928 with consumptive use measurements 
from JUDe to October, inclusive, the average use of 
water per season, when the water table was 4 to 5 inches 
below the surlaee, was 1.57 acre-feet per acre. In the 
tank having depth t-0 water of approximately 15 inches, 
the grass used 1.48 acre-feet per acreJ and in the- "tank 
having a water table at 24 inches the grass used only 
1.20 acre-feet per acre. Such tests, howevert do not 
give conclusive evidence of consumptive use at depths 
greater th.an those in the soil tanks. The data. obtained 
do not plot as a straight line but as a curve which be-

. comes unreliable when produced to represent depths of 
more tha.n three feet. Du.ring the sea.sons of 1930 and 
1931 consumptive use records were obtained for the 
period May to October, inclusive, instead of June to 
October as during the first year of the investigation, 
and the use of water was consequently greater for the 
longer season. The increase was pa.rtJy attributable, 
however, to the long period (several years) in which 
the snit grass plants had fully developed their root 
systems. 

Averaging the total use of water during the 4-year 
period, regardless of the length of sea.son, shows that 
salt gra.s.,; in tank no. l used 1.78 a.ere-feet per a.ere with 

TABLE 30.-Re.,ulta of wnk e:z:ptriments on comumptive me of 
water by 8alt /}ran and euapcration. r.prnel.t. San Luis Vallr.y, 
C"lor, 19!":' lnd : oes ' · 

Eva.poration in feet 
Co!)SUJilptive US! In leet (acre-

feet P« acre), salt rrass 
llolJ I Water 

Month Tank ntllllber and year 

l 2 3 ( I 61 IP 

11127 1928 Im' 1928 um lffi 111'11 1928 1927 11121! um 1928 

- - - - - - - -
----- 0.23 --··- 0. 21 ......... _ 0.16 .... _ ..... _ 0.27 ~---- 0.32 ----- 0.32 ~--······--· 

}' ............ .11 o."is" .211 o."2i" .23 
ii:47· 

.1111 0~48- .1111 0~49- .43 
JW1e ..•.....•••. o:aa· .44 .46 • 3.2 ,fj .M .00 
J'Dl}' •••••••••••• .32 .M .33 .... .23 .t2 .37 .M .44 .47 .45 .52 
Aucust ••••••.•• .33 .88 .M .211 .211 .24 .41 ,44 .33 • 4,2 .at .44 
!!ePteml)er ____ • .26 .23 .27 .19 .2'.I .19 • 2!I .S& .29 .33 .a .M 
Olitobar •••••••• .14 14 .17 .10 .n .13 .22 .26 .22 .27 .22 ,2'i 

-= J'i:me to Oetobff _ 1.42 LT.I 1.49 1.48 J. ll i.ao l. 78 2.08 l.18 2.0. l.78 2.17 

Mean depth 
.to~ (ID 
mabe). - ----· 15 tit 16 lt :16 M 0 0 ............ ..... -.. -·--- ....... --
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336 Rio Grande Joint Investfgation 

TABLE 31.-Summary of ruulta of tank e:xperimema on consumptive 1.1,e of water by salt graas and evaporation at Garn.ell, San Luis Valley, 
Colo., 1950 and 19fJ1 

EvaPQratio11 !11 feet 
Collftmptjve U'!II In feet 

(acre•leet per a.en) by salt a:rua 
Soll WaleJ' 

Month 

~~~·--····-·------------·····--·· ·------------------ ... o.39-
0
:: ---ii:ia" 

0
:~ ·--o:~- 0:1~ 0:J: .. -o:s,· 0

:~ .. Ts.i" 0
:~ -··o:sr 0

::~ 
JU.Ile •• -----·················-·········'"---····-------- .S7 .44 .36 .52 .3:1 .35 .33 .53 .58 .~ .64 .A§3 .:IS 

i~~;i:::::::::::::::::::::::::::::::::::::::::::::::: ::i :: :~ :: :: :~ :: :;; :~ :~ :!~ :~ :: 
~~:,~::::::::::::::::::::::::::::::::::::::::::::: :~ :~ :~ :~ :~ :~ ... o:if :~ J~ J~ :~ :~ :~ :~ 
No.-ember l-16 ________ .................. __ .... ---···-- --·-···· -~ ------·· .02 ------·· .01 .DI -------- .08 ----···· .Oi -------- .07 

l\SaytoOctober •••• ----------------·-·---····--·-·-·-- 2.~ 2.02 ~ 124 l.S7 1.75 ·-··-·--1 u,s I 2.28 2.&9 2.4l! 2.SS 2.44 2.01 

Mean depth to ...-ater (lli illch~•l-----····--··----------1~1 3.3 \ U I 11.8 23. l I 2,H I 311.l j 37.S I 0. 251 0 1----···· --------1--------1~ 
, EveporaUcn ba.s bee11 reduced to field condltio!lll by appl:\ing coefficient O.R.'5 to onrlnsl data. 
t Evaporatlon bas been reduced to lltld co1:1dltlom by applymg coefficiellt 0.67 to original d111a. 

Nou.-Tann nos. l, 2, 3, 4, 4A, Uld s .rere 3 feet m diameter 1md a feet deep mnk in groWld. Tank no. 6 standerd U. $. Weather Bureau lwld pa:n. 

an oseroge depth of 4.5 inches to the water table. 
Tank no. 2 consumed 1.74 acre-feet per acre with an 
a\'erage depth of 12.6 inches to water-practically the 
same as the tank v.ith a higher water level Tank no. 3 
used 1.43 acre-feet per acre, with the water table 24.4 
inches below the surface.. The slight difference in con
sumptive use between the first two tanks indicates o. 
nearly uniform use of water for a.11 depths to 15 inches; 
small differences within this range probably were caused 
by soil e-vaporation rather than actual use of wo.ter by 
plant growth. 

Middle Rio Gi:~_nde Valley 

There are no complete crop-area records for Middle 
Valley like the records for Mesilla Valley, but various 
estimates of consumptive use have been made by 
engineers, 11.s follows. 

Conkling-De bier 

Wntrr losses in the Valley and ammnl water demand 
are considrred in part III of the Conkling-Dehler report 
of 1919 {12\ from which the follov.ing estimates nre 
taken. 

On the basis of a study of available records of flow at 
Buckma.n and at San Marcial for the period 1895 to 
1918, supplemented by records and estimates of arroyo 
inflow, the "s.ctual loss" is calculated as 5081400 acre
feet per year, the minimum estimated for the period be
ing 260,000 and the maximum 680,000 acre-feet. 

Conkling and Dehler point out that these estimates 
covered a period in which the river was low at San 
11.forcial for 9 years, nn<l that if irrigation had been folly 
practiced the losses would hn.ve been greater. Their 

estimate for new conditions after irrigation is extended 
allows for 15,000 acrepfeet of additional loss, making 11. 
total of 523,000 acre-feet, exclusive of rninfall. 

Land surtieys.-The New Mexico State engineer made 
a preliminary su:rvey of the Middle Valley lands in 1918. 
His classification of areas and the meaning of ea.ch class 
are quoted by Conkling and Dehler (12) as follows: 

Land areas.-The total gross area of the valley, as determiru•(· 
by the survey, including all areas from 1he foot or the slopes al 
nearly u may be determined, i& 200,012 acres, classified as 
follows: 

Cultivated (cl11,.1!S I) •••.•••..•. ···-··-··········-
Culfr,ated 'class :IL __ ..... , . . .. __ ., .. _ .. ____ . __ _ 
Alkali anci salt grass _____ •••••••• ~.~ - •. • : • •• - ••• - P• 

SwamP--------------··················-········· 
Tiinber _______________ .•....••..• ·-······--------
River a.nd river wash ..•.••••• ············--------
Other ,. a.lley •••••..••• - ••••• - ••••• - - - - - - - - - - - - - - -

.Aert• 
40,063 

3. 73::! 
.51, fJ7i 
6,517 

37,594 
27,536 
33,593 

Total __________ •....•••••.•••..•.••• ------- 206,012 

In cultindro (class I) of this classification is included a.11 areus 
that arc being cultivated and, by a superficial examination, do 
not show that crops are being impaired by a too high water table. 
It does not mean that the land is not Buffering from a high water 
table or even endangered, nor that. it. will grow a.l.l crops without 
injury, but that there are 110 surface indiee.tions of a shallow aoil. 

In cultivated (elB.88 II) are included those cultivated areas 
which do show indications of a high water table either by evident 
saturated soil or the presence of alkali or by affected crops. 

In alkali a..nd salt gr&BB are included thO!le areas which are not 
being fanned, have visible quantities of alkali or are overgrown 
11.ith salt grass. It is wmal that such areas have the water table 
wjthin a very few inc.hes of the surface and duruig perioda of 
high water table it may be at, or even above, the ground si.u1a.ce. 

The swamp areas a.re thosctho.t have the ground water exposed 
and al"(' indient.cd by the wat.cr s11rfo.rc, marsl1 and rushes. This 
clas.e bl very closely related to alkali and &alt gTM!l area.a as tbr 
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Water Utilization 

two may oaclllate to a certain extent with fluctuations or the 
g7ound \l·ate:r within the same year or from year to year. 

The timbered areas a.re those O\'ergrown with timber or brush, 
ually cottonwoods, willows, or thorn bushes. 
In the river and river wash areas a.re those a.ctuaJJy occupied by 

the river or the wuhed channels through which the water flows 
at a higher river stage. These latter are usually free from 
vegetation and conslat of wuhed sand or gravel. 

In the other valley areas are included all la.nds that do not 
eome under the other cla&Sifications and may be sand wastes or 
sand dunes or age brush either above or below ditches, and 
villa.ge or town areas .. 

Jritegration method estimates.-Tnble 32, which is 
te.ken from the Conkling nnd Deble:r:report (12),shows 
the assumed acreages and total use of water for each 
class of land in the Valley. 

TABLE 32.-Loss in Middle Rio Grande 1 

Land e!assillcatlon 

Cult!~&lffl, cla.s.s !.--····-·············-·· 
Cultlvaled, clasi II •..•.•••.••..••.••••.. _ 
Bait P'8SS and alkali.··-··········-···----
BW'amp ••••••••••••••.••• -···· •.•••••.•••. 
Timber ••••••••••••. -··. - -- --- •••••• ·--- •• 
Rivet and rivtr ?.ASh ••.•...•.•.....•...•. 
Otber valley •••••...•.•.•••••.••..•••••••. 

40,100 
8, ,()fl 

152,000 
6 • .5()() 

:r:.ooo 
27, i500 
3ll, l500 

1 Aller tal:\lP 25 of !he C'Gnklin~ o.nd Uebler r,pori OZ). 

2.5 
3.0 
3.3 
11.0 
1. 4 
4.5 
.5 

100. 2 
21i.1 

17!.6 
32.5 
52. i 

1!13. 8 
1~. S 

In a oonsidera.tion of the water demand for the 
lley, Conkling o.nd Dehler said: 

As the consumptive use is the c:rit.erion on this project as in 
the San Luis V&l..ley, the actual diveraiom are (Jtlite unimportant 
10 long a., the e:uesa OtteT ccnsumptive we doea Mt ezceed drainage 
capacity and came e.uetlive evaporation from the ground aurfo.ce.1 
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Red.lie 

In Jrumo.ry 19251 Hooke, in his report for the Rio 
Grande Valley Survey Commission (2i), estimated 
the "present normal stream depletions" as 565,000 
acre-feet. His estimates are based on the State engi
neer's area distribution of the Valley lands into eight 
classes as reported by Conkling and Dehler. However, 
Hedke used different o.ssumed unit amounts of use for 
ench class of land, v,ith two exceptions. 

The details of Hedke's to.bulation are reproduced in 
these pnges as tn.ble 33, from which it appears tho.t 
aJknli ]and, S'\l."ll.mps, and rh·er bed ca.used a.n estimated 
stren.m-fiow depletion of nearly 330,000 acre-feet. 
This is 58 percent of the total depletion estimated by 
Hedke as 565,000 acre-feet. 

In his report Hedke says: 11The depletion under full 
development and with drainage, is calculated to be 
about 500,000 acre-feet,9 a sa'""ing in water of 65,000 
acre-feet." The basis of the latter estimate hns not 
been found by the Bureau of Agriculturnl Engineering. 
It is noteworthy that Conkling and Dehler estimated 
irrigation exps.m;ion would increase the annual use 
15,000 acre-feet, v. here Hedke estimated that under 
full development and with drainage it would be 
decreased 65,000 a.cre-f eet per year. 

Dehler-Elder 

On December 15, 1927, E. B. Dehler and C. C. 
Elder, of the Buren.u of Reclamation, completed a 
0 Preliminary Report on Middle Rio Grande Investiga
tion-New Mexico" 10 (18), which contains an extended 

t Colll:ll111 and Debler astlt1111ted 523,000 a~leet. 
u A lmal report of the Middle Rio Grande lns-esti~tion .,.,u, m~de by E. 3. c)ebler 

, D :932. 

T.aBLE 33.-/,;~mno.l itream-jfou: depletions u:ith mqnlhly dilltrib1ition I Middle Rio Grande 1Talley, ]\'. Mex., for the year 19£5, by clauijied 
. areas (after Hedke (17)) 

w;s (Dl'1'!.'S) ........................ , C 

u 
De 

ae (a.ere-feet per acre) ••••.•.•••••••• 
pletlon, total (aere·feel) •. _ ......... 

Month 

ar.uary •••••••••• ··········--········ J 
F 
M 

et,ruary ••••••••••••• -· ••• ····-······ 
arrb •.•••• _ ••..•••••••••••..•••••••• 

tr.!1 ay ••• ···············--- •••••••••••• 
llllf. - --··················--······· •• J 

J 
A 
lily ..•••• __ ••••••••• ---·-············ 
tliUSt. •••• -------·-······ •••••••• ••• 

Septemb"r ............................ 
O\'toher. - • ···-·····-······---·····-·-O'l>'tmber ••.••••••••••••••••••••••.•• 

ber. -·--------····-----·····--. 

Total. --··· •••••••••••••••••••. 

I 

(l) 

Total, 206.000 

2.15 
1165,000 

Per• l,OOG 

cent -feet 

1.0 7.1 
3.0 17.4 
11.0 311.0 

in. 0 M.6 
14. 6 88.6 
17.0 IM.t 
14.0 78.8 
12. 0 1!8.3 
9.0 Sl. 4 
6.5 36.9 
4. 0 21.9 
2.0 9.5 ----

100 MS.O 

(2) 

AlblJ, S2.000 

3.ll 
187,200 

Per- 1,000 

cent -leet 

2 3.7 
8 11.4 
8 15.0 

11 ~II 
H 211. 2 
lf 26.2 
12 22.4 
10 111. 7 
II 16.11 
7 13. l 
5 U.4 
3 li.6 

100 1117.2 

(a) {4) 

Timber, 3i,600 Ri..-er hed. 

3. l 
27,l500 

4.0 
Ull,500 110,000 

Per• 1,000 Per• 1,000 
cent acre- cent -feet reet 

l L2 l 1.1 
2 2. 3 I 1.1 
6 7.0 6 u 
8 11.a 10 n.o 

12 14. 0 25 27.5 
H 11!. 3 25 11'7.& 
18 l!.6 u 13.2 
16 18. 6 9 11.9 
12 14.0 8 4.& 
8 9.4 .. t.4 

' 4. e 2 2.2 
l 1. 2 l 1.1 

100 116.5 JOO 110.0 

(5) (G) (7) (SJ 

CultiTBted, Swamps, 6,l500 Cultlvn.t,,d, Miscellaneou\, 
class I, 40,100 class 2, 8,700 a3,l500 

2.0 5.0 2.5 0,5 
80,200 U,l500 21,800 16,800 

I 

Per• l.000 Per- 1,000 Per- . ... I ,.,. . ... 
cent IICfl!- cent IICl'e-- cent aore- IICTI.'-

reet feet ~~~ 
_ ..... r .... iT 2 0.6 l. 5 0.3 1.5 0. 2 

6 l. 0 3. 5 .8 3.5 .6 
4 11.2 8 2. 6 7.0 1. 5 7.0 1.2 
8 tu 11 II.II 11.5 2.1 11.5 1. II 

14 ll.3 14 u 1S.O 2.9 13. 0 2. 2 
18 H.4 14 4.6 14.0 3. l 14. 0 2.3 
19 15. 3 12 a.11 14.0 3.0 14.0 2. 4 
16 12.8 JO a.a 13. 0 3.8 13.0 2. 2 
10 8. 0 9 iu 10. 5 2.3 10. 5 1.8 
6 4.8 7 2.3 7.5 1. 6 7.6 1. a 
3 2.' 6 l, 6 ... ~ 1.0 4.5 ,7 

.. _-........... ... ...... -- ... -~ 8 1.0 2.0 •• 2. 0 .3 --
JOO 80. 2 100 32.5 100 21.8 100 lft.8 

1 Monthly dlalrlbution bued u ronowa: Column~ 3 11nd 5, tbennal comumpUve me; colomm 2 and 8, frtie water nallllffltlon: oolwnns 7 IL!ld 8, mean or the •bove 2: column 
4, e'l'&ponatlon BDd qmmUty. 8euoDal dlanbutlon: Noulmptloo, 112,000 -..reet; hi&h water. 2311.000 acre-feet; low water, 236,000 8Cl'e-teet. 
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discussion of the water supply for Middle Rio Grande 
Conoorva.ncy District, including estima.tes of valley 
i:1tream-fiow depletion and consumptive use. On the 
basis of comparison of the Middle V a.lley strea.m-fiow 
depletion with that of Mesilla Valley for the yea.rs 
1923-25, inclusive, they concluded that, on the whole, 
the Middle Valley use will be 10 percent higher than 
the Mesilla. Valley use; hence it was estimated that 
the future irrigatio:n-6e&SOn use of the Middle Valley 
would be 570,000 acre--feet. 

Dehler and Elder contemplated Valley losses under 
r.onditions then existing from two aspects, namely, 
those of (1) stream-flow loS.Bes, Mod (2) experimental 
determination of evaporation and transpiration losses 
for typica.1 conditions. They placed their chief reliance 
on stream loss determinations, preJimiuary data only 
being available in December 1927 for the evaporation 
and tra.nspiration estimates. 

Two methods were used to determine Valley losses 
from strea:m-fiowrecords: "(a) By an estimate ohurface 
inflow to the Middle Valley from tributaries entering 
Rio Grande between Buckman and San Marcial with 
such tributary inflow plus the difference in Rio Grande 
flow at Buckman and San Marcia.I representing Va.Jley 
losses, all by annual amounts, and (b) by estimates 
of monthly losses based on seepage runs in periods of 
negligible inflow between Buckman a.nd San Marcial." 

The Valley loss a.ccording to Dehler and Elder is a 
function of the annue.1 flow at Buckman (18). Their 
report gives in tabular form estimated losses in Rio 
Grande discharge from Buckman to San Marcial for 
the years 1895 to 1926 based on conditions of 1927 and 

. a.lso based on discharges at Buckman. The average 
• :·or ·:he :-;erioci · is .510,000 •,1.cre-feet·;Jer year. ·. The year. 

1904 showed the mi.mmwn of 310,000 a.ere-feet s.nd 
1907 the maximum of 694,000 a.ere-feet; Adding an 
estimated annual rainfall contribution of O. 71 feet on 
a valley area of 206,000 acres, equal to 146,000 acre
faet, plus an estimated "gain from deep percolation in 
the upper portion of the Valley, between Buckman and 
BemaJ.illo of 72,000 acre-feet" (subsurface inflow F,), 
they estimated the total annual Valley loss to be 
728,000 acre-foot. 

Expressed in the term.a of the Bureau of Agricultural 
Engineering's equation 1 on page 347 (neglecting capil
lary storage o.-0, end subsurface outflow F 0), the 
Dehler-Elder estim.e.te of 1927 is as follows 11

: 

K=(G,-G.)+(1-R)+F,+P 
hence 
K=0+510,000+72,000+146,000=7281000 acre-feet 

Dehler and Elder showed in detail the bases of their 
estimates of evaporation and transpiration losses for 
1927 undrained-land conditions. The total annual 

u U llbolll4 bu:t.ot.ed 1.bttbeq11&11tlty Kill llqD&I to the ll:IDI Di x.+KrtK.+E. 
+E1m~1. 

Rio Oranik Joint Investigation 

estimated loss on their bases was 755,900 acre-feet. 12 

This is 4 percent higher than the result of the inflow
outflow method computa.tion-728,000 acre-! eet. .A 
cording to Dehler and Elder, the dii:Jerence may rep1 
sent subsurface (deep percolation) inflow from Bernalillo 
to &n Marcial. 

Use of water in the Middle Rio Grande Valley under 
future conditions of drainage and irrigation was esti
mated as 570,000 acre-feet for the irrigation season, 
March to October, in yea.rs of normal run-off, when a 
full irrigation supply is available for diversion. A 
non.irrigation season return flow correction factor of 
35,000 acre-feet, based upon Mesilla Valley experienc~, 
was applied, thus making a "net loss from surface 
waters of 535,000 acre-feet annually." Hence their 
infiow minus outflow (1-R) average of 510,000 acre
feet is only 5 percent lower than the estimate based on 
Mesilla Valley experience for 3 years. 

Hosea 

In 1929 then Chief Engineer J. L. Burkholder, of the 
Middle Rio Grande Conservancy District, submitted 
to the district's board of commissioners a plan for flood 
control, drainage, and irrigation, which contained a 
detailed study of water requirements of the district · 
made by R. G. Hosea under the direction of the late 
D. C. Henny. 

Hosea reported the consumptive use (stream-flow 
depletion) in Mesilla Valley for the years 1924 to 19 
u 3 . .1, 3.3, 3.4, 3.5, and 3.8 acre-feet per acre, respe, 
tively, the average being 3.42. 

AHalfa and grains are the major Middle Valley crops, 
whereas cotton (which requires less water than alfalfa) 
1i! ·,he domiruuit mm in ~1esilla Valle'". ·3:csea ~here
fore estimated the· Middle Valley" river depletion 
requirement as 15 percent higher than that of Mesilla 
Valley, or 3.9 acre-feet per irrigated acre. On this 
basis and ta.king the irrigated area as 123,265 acres, 
the average annual river depletion of the Middle Valley 
would be 480,740 a.ere-feet. 

Consumptive use (re.infill deducted) computations 
made by the integration method on assumed unit 
amounts for agricultural and other lands, as tabulated 
hy Hosea, a.re here reproduced as tables 34 and 35, 
because of their relation to the Bureau of Agricultural 
Engineering's studies. Table 99 shows that the aver
age crop consumptive use in Mesilla Valley during the 
17-year period 1919-35, as estime.ted by the Bureau of 
Agricultural Engineering, was 173,082 acre-feet. Divid
ing this amount by 65,814, the average area of irrigatetl 
land, shows a crop consumptive use of 2.63 acre-fert 
per acre. In table 34 Hosea. used an average of 3 a.crf'· 
feet per acre of irrigated land. Mesilla Valley experi
ence appears to indicate that this is a liberal estima.t 

u l1'l'om NIOtber oompm;ation the t.atal wu shown u 763,iKIO m,,,feet. 

CO- 003290 

TX_MSJ_000370



Tui ~ 34.-&tim.atea annual i:omumptiw: u,e af ri11a ~ in 
Middle Rio GTande Valley, N. Ua. 1 

(In~ti 

Cmlilrv&rlcY dlmlet l&nda, l3S,,2IS7 
-at a.o a.n-r.t ..•..• --------- 11,000 m,615 112. 191 tG.11811 ae11,ro1 

Of:r ~}-ds,_1.200 - at -------·· ......... --------- a,eoo a.eoo 
R!Ytl' clw:wel enpontlon 1-, 

iUS11 llfflldl aU.9 a,:n.met. ••• •• • •• llS, 11711 23, .oil 33, ll30 22, 9113 9d, 808 
:helnded -, 2,757 am1S at U 

acn-f11et __________________ •••••••••••••••••• -········ ••••••••• 8,000 8,000 
JUcbll-Of·w•y, eie., l'l',ffi IM!feS at 

UIICffl-fMlt........................ 11,000 19,618 16.8111 U,0!6 63.39~ 

Totalpro]eet •••••••••••••••••• Si,575 l64,~ 2Zl,987 DS,568 S31,6G3 
Excluded lll'Mll between Pl'Olect &Dd 

Ban Mm-cla.!, 13,285 acres at 2.9 
iun-l'llet ••••••••••••••• ,_. _________ ··------- -·------- ----····· ......... 38. 817 

ll!ver alwmel betwee11 project and 
8ali Mart'ial, l,iH5-1 acres at~-9 aere-
•-··-····--- -----··· •••••• •••••• --······· ••••••••• --······· ···-····· 7,8&6 :m Vado ~oh" evaporation...... .•••••••• ••.•••••• ......... ••••••••• 9,000 

Total ValleY •• ---·········--·· ••••.•••• ······-·· ------··· ····-···· 687,136 1- clnl.llBp nturn (&«lrro dJYi· 
t10D mtue )"l!IIU'; Coch.It!, Albu-i=~ ::i..: __ ::I_~~:- ·······-- -·······- -······-..... ····- 1M, 849 

Net lmlual eon.mmptive me ---------
~ VaJ.ley .............. -. ------· , --------· ··------· ......... 4112,287 

1 Afl&r i.ble ao or a-·• mport (9), 

T..uiLE 35.-E.dimaud future loHe11 of water, Middle Rio Grand$ 
VaUey,1 N. Mez. 

iffl.,:~ and ban--··---------····---
Riffl' Opell water ...... ·-···· ...•..••••.. 
UnbcdtAld ama (Puebl!U>, BO!lqueclm, 

Val Vcd1 ll.lld BIUI Mucla.l), lnipted. 
Ulll.rtlplad: 

~)~~~~~~~~~~~~~~~~~~~~~~~~~; , 9 · ~:i 

3.0 
38 
u 

le 
J.j I 

,.o 
LO 
a.o 

Tcta! l'or Valler------·······---···· ·-········ 3l6,000 -----····· 

Otbef lrllU •---····------·-··-·----·····-~ 43,910 

~ = or 0.71 IDch_ over D.000 .•••........•.••.... ··--····· 

Elltlm&!ed l053 _____________________ -----··-·· --------·· ···--····· 

Dehler (1932) 

The results of only one season's work at the Los 
Griegos Experiment Station (p. 340) were available 
when the Dehler-Elder report was prepared, whereas 
all the data from that station were used by Dehler in his 
1932 report (17). The relative maturity of the 1932 
report a.nd its direct bearing on the stream.flow deple-
tion a.nd consumptive use problem in the Middle Valley 
justify liberal reference to it in this report. 

Dehler again used Mesilla Valley data as a bas.is of 
estimating Middle Valley water needs. He gave 

Tticular attention to the Mesilla Valley quantity 

339 

stream-tlow dep1etion plus c:he.n~~ w ground-water 
etanp for tM yea.rs 192ft :~) 1929, inclusive, and found 
that it a.v,.-.::tl 2ti7,200 acre-feet; The average .irri
gat.eti area l\'U 75,579 acres. Thus the average 
consumptive use, excluding precipitation, was 3.40 acre
feet per acre irrigated. .AB was done in the Dehler• 
Elder report of 1927, 10 percent was added to e.llow for 
extra water needs of alfalfa in the Middle Valley, thus 
making the estimates for Middle Velley 3.74 a.ere-feet 
per irrigated acre and 430,500 a.ere-feet for an irrigated 
area of 115,000 acres. With the addition of 49,500 
acre-foet net losses in river channel, use by salt grass, 
bosque, swamp, and miscellaneous uses, the total 
Velley use, exclusive of ra.infa.ll, would appear to be 
480,000 acre-feet. No ellowe.nce was made for arroyo 
inflow. 

TABLE 36.-E,timaud future Valley_ lo11ae,, Middle Ria Grande 
Vallev, N. Mex.I 

Cl&alilcatlon 
Rate of 

.Area in loss In feet 
IICfflS of depth 

per yea, 

Total 
&llllual 
loss in 

1,000 
acre-feet 

~!
1

~ied···········-·-··-·············· 388. 0 m,ooo 11,2 
Fallow, etc................................. 9. 6 

Rlnr eh&nnel: 
9, t7S l, 0 

Free water--·---·········· ............... _ 46. o 10,000 4.G 
BIUl.b 1t1d ben •••••••.•••••• ·---··········· 67.1 16,800 1.4 

Nan-lmr.!leamulnucluded tracbl •.......... t;: 
=J!;~·l· to'll'llll, road.s, 11ood cbamiels...... 17. 

2 

16, 142 11.4 
18,298 3. 0 
~281) 0.71 

1---1·---1,----
Total.. ••••••••••••••••••••••••• ________ .____ 210, ooo ····-······· llCl7. e 

Lea n.lnlall ••••••••••••• ___ •••••••••••••••••••• 210,000 0. 71 149. l 

Net 118111 rfyar ~--····--·-····· --··· ••• 210, ooo __ • ••• •••••• 4a & 

.Approachlng the problem of estimating future Valley 
losses by the integration method and assuming unit 
rates of loss from each of the several classes of land and 
river water surface, Dehler estimated the annual future 
Middle Valley loss for the 210JOOO acres at 607,600 
acre-feet. After deducting rainfall he c:a.lculated the 
"net use of river water" at 458,500 a.ere-feet (table 36). 

In applying the integration method Dehler used a 
rate of loss of 3.2 acre-feet for the irrigated land a.rea of 
115,000 acres, basing the assumption on a comparison 
of Middle Rio Grande Velley with the Boise project, 
Idaho, for which 0 oonsumptive use" had been deter
mined by Paul and Steward. 

The 1932 report contains detailed data concerning 
depths to water table, classification of velley la.nd, and 
estimates of losses based on assumed unit losses for 
different classes of land and different depths to the 
water table. The unit loss ta.ken for agricultural lands 
is again 3.2 acre--feet per acre and it is not varied for 
different water-table depths. For sand dunes, mesa 
land, gravel, and embankments, the unit loss is taken 
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as equol to tho nm::i.ual rainfall. The e.:rumal per a.ere 
loss used for free water su:rl....co is 4.6 a.ere-feet, for tule 
swamps 5.6 a.ere-feet, and for salt grass with water table 
within 1 foot of thesurla.ee, 4 .0 acre-feet. (See table 37 .} 

River cha.nnel: 
Fl'e ..-ater--.--------·······- ---- -· 
Banks Md ban ...... ··-----····· •• 

Ria:hts-ofway: 
Frea water--···--·-----······--·--
Tule swamp., •••••••••• ~---·--·-··· 
Ewb8Dl<ml!Dt.-•• ·- ..• ·-----. ___ .• 

J~~-~~~::i~: .. ~~~~~-s: .. ~~- { 
Alfa.l!aand pnin-------········-·-···-· 

Do ____ -- - - -- -------·-····· ------ - . 
Do _____ -........ ··-······--····-· •• 

'f'ut1lre and bay ••••••••••• _____ , .••••• 
Salt~- -------------. --·-- -····--··-

Do -·-- ------······---·-··· -- - --- -· 
Do ••• -----·--·· --.. ----· •.• ---- ----

~u:-_::::: :: : : : : : : :: :::::::: :::::::: 
8'11Pamp and lake: 

Free water----·-------·--····---- .• 
TnlllS ••••••• --- •• ···---···· ---- •• --Rlvur &Dd uro,o wash ••• _______ ••••••• 

Blllfflll lllkall-•• ·-·····-------· .. ---··-· Bind dunes. mesa, and ,:raveJ.. _______ _ 
Fallow land and 11onirtigated bome-

5118. 

Total for lulls DDder present 
ditches. 

Otberueas: 
Hiib land above catllll.s_ ••••••••••• 
Beeped and swampy ___ ····--·· •••• 

Total ........................... . 

Total 
Jute or &llllual 

Ana tn Depth to ...-a:er km, loss, 
IIIOOt1!S table. feet feat per 1,000 

year• -

JO. ooo D----------···· 
16,822 0-2 .•• -- -------

1, ooo o ______ --------
2. 000 A. 0.1. _______ _ 
3, l58 Variable._.·--
2, 114 Over r,_. ---- •• 2, ll4 f t,:,6 _________ _ 

!i.lltl.\ o,·er!l._ •••.•• 
111, 2!<f 4 too ____ ·-·-·· 
1,, T.!2 210 4--··-····· 
1,355 2 to 4------·-·· 
l. 6llf, 2 to 4--·-·····. 

2'l, ;;'S l to 2--····· ... 

~:~ I t'.0d:c:::::: 
32. "21 2 to•-·-·····-· 
~ 000 l to 2. ••••••••• 

4. 6 
3.. 

4. 8 
5.~ 

IQ, il 
3. 2 
&.Z 
3. Z 
3. 2 
a.2 
3.2 
0.9 
2. 7 
4.0 
•. 5 
3. 5 
4.0 

715 0.............. 4. 6 2.eoo A. o.i_________ ~.6 
l,211() Oto2--··-···-· 3.4 

T.5 A. 0. •........ 4.0 
'4.-400, O\'er 8~ .. v_v __ .t 0. n 
s, 5661 Variable .•..• - 3. o 

!eet 

46.0 
57.2 

4. 6 
u. z 
2.' 
6. ~ 
6.8 

19. l 
52.1 
66. ~ 
4.3 
l. 5 

01. 5 
00. 5 
lti.O 

lH 9 
20.0 

3.3 
14. 6 

4. ~ 
l.l 
3.1 

25. 7 

1112, &45 •••••• ··--···---~---···· 615. 6 

• 24, 285 O\·er 6. •• • •••• • O. il li. 3 2,s;o A. o_,_________ 5.o H.3 

2,0,000 1---------------- ·······- 1547. 2 

1 After table 45ofDebler's llmreport (li). 
• luclmlve of rainfall. 
a A. o. equals avenige abo-re IP'(IU]ld, alt.bouah below tbe sw-w:,e during parts o! 

~ :med eQUBI to ll~9 aIIDIIAl nwifaJJ. 
• Area tu:llil from able 24, 1928 report by Burkholder (9). 

11 
)n ;he ·Ju.sis Ji ·~hese estimates '.ind o'the:rs' :,:iruilar, 

together with the land da.ssification made by the ap
praisal section of the · conservancy district a.nd the 
numerous observations of depth to water table (with 
resulting classification of land areas having water table 
at different depths), Dehler estimated the total annual 
loss to be 547,200 acre-feet from a 210,000-acre valley 
area., This is 88.5 percent of the 733,000-acre-feet loss 
estimated from stream-flow records. Dehler says the 
difference "may be largely accounted for by the approxi
mations necessary in arriving at the estimates." 

R!immfi 

For convenience of reference the estimates by different 
engineers, of stream-flow depletion, precipitation and 
other water losses in the Middle Valley are brought to
gether in table 38. It is evident from the remarks in 
column 7 that the quantities in column 4 designated 
(1-B) are not rigorously comparable. However, in 
spite of the estimated differences between present and 

tion 

future~ the greatest departure of any unc est, 
from the average of the 10 t1ct.imntes, namely 505,' 
acre-feet, is only 12 perc<'nt. Four-filth:, of tbe est 

mates are within 10 percent of the average. Nevertl 
!ess, ot.r-oa.m-fiow depletion (1- R) for any one yen.r mh~ 
de.pan widely fl'c;= the a. verage. (See Conkling and 
Dehler (]2,)~ ta.ale 2'2,,) 

TABLE 38.-Rtaumi of e..sli~ of dTeam-ftow depleiion (l-R), 
Fffipil.ation (P), end ,ub-su,jou l&saes (F,) far tli.6 Middle Rio 
Gnnriiie Valley, N. Mex. · 

Period Autl:KJrit-:;· 11.ncl Methodo! 
ye,u estlmati11g covered 

(1) (2) (3) 

Conkling and {Inflo'll'·OUI• 1895--J9l8_ •••• 
Debler{19J8). l!ow. 

____ .do_ ••••.•••••• ····----- .• 

Estimated 
amouDts in 1,000 

acre-leet 

(1-R) p F, 

(4) (5) (6) 

008 -·-·· -···· 

523 ··••• ••••• 

1565 

{

rnt~iiratlon____ Present nor· 

Bedke (1925) _____ .do ••.•.• ___ F=~------· :'J{(l 

Dehler .•••...•.• Inflow-out- 1895--1926 ... __ 510 14& 72 
flow. 

Elder (1927) ____ Compazisoll'. ·······-······· 1535 -- ••• ----· 
Hosea (1921lJ •.••••••• do.'····-·· ······--··---·· 41!1 

Remarks 

(7) 

River dry part 
time. 

New co11di· 
tlons. 

Prese11t 11or· 
ma! deple· 
tloll • 

Future. 

Dehler (H132) ••• 

1

{1nt1-~a:ion ____ •••.••••••••... , '~ ·i;i!- ::::: Future losses. 
•••. do .•••••••• l·····--···-----1 4~ 149 ••••• Present losses. 

1 Taken as !OpeJUntblaberthan Me!Wa Vs.lleyaverngefor,ears 1923-:ZS, !nclu~ITe. 
t '1"ue11 u I~ percent llia;hl'f t.be MC11illa Vall~y aveffti'2 for years 11124--28. ll:,c!usive, 
1 Take11 as 10 pe~t biaber than Mesilla Yalle; average for Ye&l'll 192&-29, plus 

dlfferenOB in IP'Oll!ld-water storage at ht.g!Jmi11,: a.nd end of year ( o.-O.). 
• Includes 419.500 aen-!eet for uouaa;riw.ltural lands. 

Taiik E:qerhnents 

An experiment station wns established by Dehler. 
the Bureau of Reclamation in cooperation with the 
Middle Rio Grande Conservancy District and the 
Weather Bureau, in August 1926 nenr Los Griegos1 

about 5 miles northwest of Albuquerque. ~o. determine 
dVaporation and transpiration losses ,9), ,17). The·. 
station was located in a salt grass pasture, the soil, 
vegetation, and surroundings being typical of the low
lying undr11inAcl l11.nds of the Valley. 

Stock tanks of 4.0 feet diameter were ordered but 
the actunl diameter of pnn no. 2 was 48), inches and 
that of all others approximately 45% inches. Pan 
no. 1, open water, 2.0 feet deep, was set 1.75 feet in 
the ground with the water lel"el maintained 3 inches 
below the rim. A pointed meter gage was fixed in the 
center of the pan and the water surface was brought 
to this level daily by adding or removing water with a 
rated cup. The po.n was more nearly like a. floating 
pan than a.n ordinary ground pan, as the ground-water 
table was close to the surface, its depth varying from 
8 inches to 20 inches during the period of observation. 

Pan no. 2J 48 inches diametex, 10 inches deep, was 
filled to a depth of 8 inches. This was an open water 
standard Weather Bureau pan mounted on timber 
grillage and subject to f.ree circulation of sir. A regulo-
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lFate.r utilize.lion 

tion gni:c0 not available o.nd evaporation was 
meas,, :--;d in ,...LJ.e same manner as with pan no. 1. 

'' ,~s nos. 3 to 7 were set in the ground with approxi-
,,1,· a 3-inch rim inside and out. The bottom of 

_ _...., ',. '"" filled with 6 to 8 inches of coarse gravel. 
Soil was then replaced in p,a.ns nos. 4, 5, and 6, whlch 
were. of 4.-foot, Moot1 eind: 2-foot depths, respectively, 
nnd planted with salt grass sod. Pans nos. 3 and 7, 
of 4-foot and 2-foot depths, respectively, were filled 
with river vrash materialt hn.uled from a sand bar on 
the bank of the Rio Grande, composed of rather fine 
snnd with traces of silt. The water table depths in 
the pnns were maintained at predetermined depths by 
use of Mariotte apparatus, the equipment being similar 
to that used at the Fort Collins laboratory of the Bureau 
of Agrieultmal Engineering. 

The results of measurements at the Los Griegos 
station are shown in tables 39 and 40. Data on soil 
evaporation and consumptive use by salt grass and 
tules are gh-en in table 40. There was some difference 
in water use by salt gross during the 2 years, the greater 
use occurring during 1927-28. Use by salt grass 

TABLE 39.-Eooporation and mete""oloaicol records 191?6-:'!8 at 
Los Griegos .st41ion, Middle Rio Grande Valley, N. Mex.1 

Evapomtlon, reet MeaI! Mean 
monthly Monthly wind lulotlve 

Period Weather airtem· ~pl- velocity, humJdltr, 
Oroulld pentnre, tatlon, mile:sper percent Bureau inches pan DQ. I pan no. 2 

0 }'~ hour• 

lffl 

l!EJ>lember --·----·-· 0. 465 0.585 67. 2 l.114 2. 7 69 
October •.. ···------ .314 .41i 57.3 ], 03 2.4 CH 
N-mber .••.•••••. .24-0 .&'16 44.2 T 3. 5 M 
~mber •••••••••• •. Oi5 I, 106 3.U J. Ol 2.4 7& 

!!127 

:an=,-.-·· ...... :. .~ , l2l .;iu T l, O 114 
February_ .••.•.•••• • JOO -~ 44, r. .34 3.6 M 
Matth ____ -·- ------- .384 .5111 411.~ • 541 4, 7 50 

tJ:;l·-··-·····-···· .476 .Glli 113,1! .17 ~. 0 45 
• 768 1.1113 61. 8 T 4,15 IO 

June •..••••••••••••• • .569 .M:> 67,11 1. 00 3, l 45 
JnJy •••••.• ---·····- .0/10 .93i 74. 7 .80 2. 7 M 
Alll!U!<I ••• -· •••••••• ,5$5 .760 71. 3 l.02 2.5 eo 
Seplember _______ ··- .400 .6.'i!! 66.3 l. 84 2. 8 G2 

= = = October to Sept.em• 
ber ••.•• ----··-·-- 4,717 II.Im ~.2 7, 81 a. 2 M.7 

1m 
October •• ---------- .322 .4412 M.7 , 19 :u 48 
November •••••••••. .213 .282 411.6 .04 '.U M 

D«:e:!llber. •••·••••• .Cl!!ll , 121 :ll.5 .06 3.2 118 

1928 

~::~:::::::: .090 .1118 33. 5 .00 2, G 13 
.158 .242 38.2 ,32 a.e ff 
• Bf,& • 3)4 ~7. I .oo 3.15 II 

s\ · ============= 

.500 • 718 U.D • 75 .'I.I 211 

.m ,1576 411.6 1,311 3.3 ag 
• '720 LOOO mu .00 11.8 22 
.117 .1117 'la 5 1. ts 2.4 43 

=i:im-:::::::::: .814 •• 10.2 2.115 2.11 62 
."4 • IIJl 113. 6 .15 2.3 43 

= = 
October 14 Sept.em• 

her, lne!ll!llve._ ••• un «.4711 63.4 7.113 3. l 43. l 

34] 

appears to be in direct ratio to depth to water table: 
that is, it plots as a stn.ight line. This becomes more 
evident as depth to the water tab]e increases and con
sumptive use decreases. For instance, with the water 
table at 2 feet in depth1 consumptive use ~e,;, ; .t a.cre
.feeI. per ac:re during thA first year, and 2.1 ,ere-feet 
per acre during the sec,_;nd year. However, r --round 
water approached the surf ace consumptivr , in-
creased to nearly 4 acre-feet per acre pr; YN,: : was 
practically the same for each year of tL, , ,, v estigation. 

Deb]er's estimated losses for the Middle Rio Grande 
Va.Hey have been previously set forth. (See table 37.) 

Lower Valley 

Not all the estimates by engineers, of use of water in 
Mesilla Valley, are strictly comparable with each other. 
Some include the entire Rio Grande Project, while 
others are concerned specifically and alone with the 
Mesilla Valley portion of the project; but they are so 
closely related as to justify comparisons even though 
they can be only approximate. However, in addition 
to the various studies by engineers, investigation of 
the use of water by crops in Mesilla V a.lley has been 
carried on by the New Mexico Agricultural Experiment 
Station, much of it in cooperation with the Bureau of 
.Agricultural Engineering. Specific :references are made 
to both sources oi data in the following pa:ragrnphs: 

Estimates by Enlfneers 

A few of the Mesilla Valley and related estimates 
ma.de by engineers representing the different interested 
States are :reTiewed below. 

Meei:er.-'-Iil · )day : 92:2-.:Vfeeker ~.irriateci 6he ·':ilti
mate net" consumptive use for the Rio Grande Project 
(150,000 acres) as 2.5 a.ere-feet per acre (30), exclusi,e 
of river channel or reservoir losses. In .August 1924 
he estimated that the actual water consumption from 
San Marcial to Fort Quitman was 5.7 acre-feet per 
acre of irrigated land (38). The losses and uses were 
not segregated in the 1924 analysis; hence the estimate is 
not comparable to those which preceded and followed it. 

On June 8, 1926 the same investigator estimated the 
consumptive use for irrigated land on the Rio Grande 
. Project above El Paso as 2 acre-feet per acre (40). 
This figure is roughly comparable to the Bureau of 
A.gricultUl'8.I Engineering's use by crops per acre irri
gated (KJA,) for Mesilla Valley, which for the 17-year 
period 1919-35, as determined by method ·B, is 2.7 
a.ere-feet per acre of irrigated land. 

On June 20) 1928 Meeker analysed the Bmeau of 
Reclamation's records for Mesilla Valley for they~ 
1923 to 1927 and reported the consumptive use figures 
given in table 41 (42). 
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Pan no. 3 Pr.n no. 7 l'uno.4 Pan ao.6 Pan DO. 8 Pan DD. 9 

• /~6 
October •• -- --· ------ ---------····· .•• 
November.-·---·------····------····· 
December.----··- - - -------------. - - .. 

/WT 

Ev1po. 
JllUilD 

0.19 
.JO 
_ 12 

Average 
d,e;pth 

Ja.PWIO' ---------------------··----··· 4102 2. ll 
February __ .···-----.···-··------..... . lO 2. 33 
March.-------··-··---···-··---····-- - . l7 2. 36 
tra;-1-.:::::::::::::::::::::::::::::::: : u ~:: 
JDne-------------··--------····----··· .16 2. 40 
Jul:f---·-··--·-··--·--··------·------- _ II 2. 50 
A.ugusL ••••• ----··-----·····-·····-•· • 20 2. 43 
September. ___ ••••• _____ •••• -......... . H 2. 24 

===1===1 
Octoberto~ptember.----····------- l.M 2 . .H 

1Jlf7 
October. - . ______ _. -----·······-·····-
November·------·. -- -- ---------- •••• -
Deeem ber ..•... ····----······ .•••• ___ . 

/SU 

l===l===ri 

.12 _os 
.13 

:l.38 
I.SO 
1.,511 

El'apo>-
ncioo 

A"-' 
dA!pLJJ. 

0. 216 0.21 
.23 . 2,\ 
.00 .20 

.12 .lll 
.:io . as 
.40 . 2ll 
.47 .0 
.68 .fl 
• 57 .36 
.63 ,3Q 
.114 .• 34 
.40 .34 

4,511 .33 

· -112 • 21) 
.IS .42 
.11 • JG 

EUJ)Ol"I· 
ration 

l,lld 
tnmpl· 
nmon 

O. lO 
. OJ 
.00 

.01 
.04 
.05 
.01 
.116 
.zi 
.21! 
.3~ 
.28 

l. 51 

.1e 

.18 

.06 

Januarr---------··---------·········· .oo 2.10 .01 
Februa.r~·---····-··--··--------------· . 08 2. 22 . 04 

.13 .33 

.17 • 23 
March .•• ---------·---------···-----__ . oo 2. as . ro .35 • 31 

tr:t.:::::::::::::::::::::::::::::::: : ~g t ~~ : ~ lUDe •• ________________________________ .Ofl 2. 18 .18 

luly ___ ------------- -- _ ······- ---·-·- - • 15 2. 26 . 32 

.43 . 31 

.44 .28 
• 58 . 42 
.5i .34 
• fj . 25 

Evapo-
Average ration 

lllld deptb transpl-
ration 

2.07 0. 18 
2.32 .00 
2. 08 • OIi 

1.84 .Ol 
l 82 .07 
l.lli • 11 
1.117 .12 
2.:W .:IO 
2.23 .36 
2. 25 .51 
2. 28 • 61 
2.30 .36 

2. 07 2. 77 

2.16 .2'1 
2.02 .10 
J.89 .O,', 

2.17 .Ol 
2. Jj .03 
2. JO • O,~ 
2. 10 .16 
2. 00 .32 
2. J7 .45 
2.33 .00 
2.27 ,t,IJ 

Evapo-
A.vm11e ration 

a.nd deptb transpi-
rat1oa 

I. 35 0. 29 
I.M .()8 
.96 .07 

l. 17 .00 
1. 2t .rr, 
l. lO -14 
1.23 .2\ 
I. 22 .w 
J.2'8 , 59 
1. 2l • 75 
1.12 .Gi 
1.oe ,4g 

1.18 4,03 

1.34 ,211 
1.16 .OG 
1.18 .1)6 

1.lO .03 
I. rn .OIi 
1.62 ,(19 
1.30 , li 
J.30 .4(1 
1.41 • 74 
l.43 .!U 
l.41 .ft.I 

Evapo- Enpo-
Average ration Averue ntioo 

and and depth transpi- depth transpi· 
ration ration 

------------
0.48 ·--------- -----·-·-· -·--··--·

. 40 ---------· ··-·····-- ·--···-·-

. 20 ·--------- ---------- ----.-----

• 2& ··-------- ---------- ---------· 
• 311 ---------- -------·-· -----····
. 40 ---------- ---------- ---------
. 4i --·-·--·-- ---------- ----------

.• 37 ---------· ----·-·-·- -·-----··
.41 ----·----- -···------ ----------
.41 _____ _,_ •. ··-------· ------·---
.40 ---------· --····--·· ----------
• 39 ---·····-- ---------- ---····---

.38 ________ .. ·--···---· ----------

.47 0.04 3. 00 0. Zl 

.46 .02 3. 00 .15 
,39 .02 3.10 .08 

. 3ll • 01 3. Oi . 10 
• 40 .03 3.&I _ !4 
.49 .Ol 3. (),I .30 
.40 .er. 3. Oil .43 
.42 • 13 3. 00 .... 
,1,3 .02 3.00 .1!11 
.51 . JO 3.00 1.119 
• 48 .28 3.(),1 .811 ADIUllt .••••.. ------------------···--- . 20 l. llO • 41 

Sllptember ____________________________ l==·=l3=1===2.=02=1====1=== .. i===· =19='===='=== .37 .25 2.25 .33 1.41 .48 

3.871 
. 51 .OIi 3.07 -~ 

Oct.ol:mto~ptember •. ---····-···--· 1.33 2.07 1.89 U.2 .211 

t After table l6 of Deble<'s 1932 report (17). 

TABLE 41.-Consumpti11e uu of water, Mesilla Valley, N. Mu. 
and T~., 1913-17 

. '¥!:at ;be •;ocswn pt1v._ .;se ,:icmaes 

------------1--- ------------
4.13 
193 

Meeker recorded his opinion briefly concerning the 
above amounts of consumptive use as follows: "Some 
question about accuracy of records at Leasburg: Irri
gated area, which is greater than cropped area, should 
have been used. The above values a.re too high and 
higher then they will be in the future when river con
ditions are stabilized and water economy pra.eticed. A 
study of consumptive use between Elephant Butte 
Reservoir and El Paso by Meeker for past 5 yea.rs shows 
a much smaller consumptive use of reservoir water." 

Metker and Bu.rgua.-In November 1928 Meeker and 
Burgess reported use for irrigated lands from Elephant 
Butte Reservoir to El Paso (Courchesne Station) for 
the yea.rs 1920 to 19271 incJusive (44). Their estimate1 

including river evaporation losses, is 3.23 a.ere-feet 

2.H 2.93 l.32 . 46 .84 3.0i 5. 31l 

based on the "gross area of irrigated land." They 
considered the average width of river surface as 400 
feet., thus making a water surface area of 50 acres per 
:nile. or i .000 ~c;.es oi ~-J>,ter. surface :.C'l ?11. Using 5.3,5 

ieet as the average annual water surface evaporation 
and deducting the annual water surface loss from the 
river depletion, they found the consumptive use to be 
2.68 acre-feet per acre for the gross area of irrigated 
land, not including rainfall. If 85 percent of the gross 
area.of land were o.ctuallyirrigated,then the consumptive 
use based on the net area would be 3.15 a.ere-feet per 
a.ere. For future conditions Meeker a.nd Burgess 
estimated the average consumptive use from Elephant 
Butte Reservoir to El Paso as 2.4 acre-feet per "gross 
a.ere of irrigated land" exclusive of rainfall, n.s compared 
to 2.68 for the yea.rs 1920 to 1927. For the area between 
El Pa.so and Fort Quitman they found, on the basis of 
the 5 yea.rs 1923 to 1927, after deducting estimated 
river a.nd evaporation losses of 88,000 acre-feet per 
year, a consumptive use of 2.8 acre-feet per a.ere and 
a.n estimated future consumptive use of 2.6 acre-feet 
per gross a.ere. 

Considering Mesilla Valley only I for the 5-year 
period 1923 to 1927, Meeker and Burgess found a,. 

CO- 003294 

TX_MSJ_000374



Water Utilization 

sump!;.,, use of 3.5 acre-feet per acre of irrig1ited land, 
,.. •. 

1 v! 9!'royo inflow and of rcin.!cll {44). 
.;,;d.-In 1928 E. P. Osgood made a report (52) 

H1.: consumptive use of the Rio Grande project from 
_..,;epho.nt Butte Reservoir to Fa.hens, Tex. He seems 
to have charged all the water loss between Elephant 
Butte and Fabens against the irrigated land, thus 
including wnter losses from water surface and bare land, 
eYapomtion losses, and use by native vegetation as 
consumptive use. His results are roughly comparable, 
it seems, with the sum of Kc+K,.+K,+E..,+E1 divided 
by A 1 or, more briefly, to the ratio 1-RJAh provided 
precipitation and ground water storage are ignored. 
(Sec p. 346 for symbols.) The Bureau of Agri
cultural Engineering's results apply to Mesilla Valley 
only; whereas the results obtained by Osgood represent 
the larger area including Rin~on Valley, some Mexico 
lnnds and parts of El Paso Valley. 

Because Osgood's graph (fig. 77) shows the uses below 
Elephant Butte Resen-oir for e:ich month of the year, 
it is of special interest. During the years 1919 to 1922, 
as shO"\\'D in figure 77, the outflow measurements were at 
Fa.hens Bridge, Tex., but during the years 1923 to 1927 
they were at Fort Quitman. The "consumptive" use at 
any time is equal to the vertical distance between the 
plotted flows at that time. 

The results of estimates by Osgood appear in table 42. 
ri ... rumn 2 shows ureas of land irrigated between the 

bant Butte Reservoir and Fabens, Tex.; column 3 
A·s the strellm-flow depletion comparable to the 

q unn tity (J - R) as used in this report, n.n d column 4 
shows the stream-flow depletion in acre-feet per acre of 
irrigated land. 

·' ?or. ;om parison with ::Vfesiilu ··,-,dley · stream-ii ow 
depletion during the same period of years, the inflow at 
Leasburg as given in column 2 of table 92, Jei;,.s the outflow 
at Courchesne, divided by the irrigated areas, given in 

IM '"' 

343 

column 7 of table 93, are sbown in column 5, tnhle 42. 
It will be noted that stream-flow depletion resuJts by 
Osgood have an avr·rage for 1919 to 1927 inclusive of 
4.0 acre-feet per a.ere as compared to 3.4 for the Mesilla 
Y alley studies by the Bureau of Agricultural Engineer
ing, thus showing an excf>"~ of 18 percent in the Osgood 
estimates. 

TABLE 42.-"Comumptiire ws" of water e,timates by E. P. 
Oar,ood for th.I! land& irrigated bl!twse11 Elepln.~! Bu!te Dam, 
N. Me:r:., and Fabem, Te:r:., with compariaone to Muilla Valley 
1t1'«1m·ftow depletion computations by the Bureau of Agricultural 
El'l{lifll:/lmng for the yecm 1919 to 1927 

(l) 

Elepbant Eli!phant Mesilla Val· 
Batie to Fa· Ra!ervolr Butte to Fa· lay, stream, 
hem: ""'8 tr• water COD· b&ns; "coD- !low de)letion 

rlnt.ed In mmed, In sumptive ( JA-R,· ill&ere-
JICfl!S acre-reet use" ID acre- . 

feet per acre reet per acre ' 

(2) (3) (4) (5) 

112, Zl8 •n. llXl 1919...................... 4. 5 3.4 
JUL.................... 5.1 J.9 115,l!0.5 \1111, !XXl 

In.Wt 404. 700 Jin!...................... •. l 2. 5 
JIIZL.................... 5.6 4.5 118,062 Mt,JOO 

1211.UM .511, 700 lll'l3...................... 4. 0 4.8 
IIIU...................... 4. l 3. 1 lM.948 1$211,500 

li3.1178 647,BOO lll'l5...................... 3.2 3.~ 
111'.!6...................... 2.6 3.~ 1112.173 4114.300 

187,373 w.wo 1927............ .•••••••.• 3. 6 3. 6 
i-----,1----1-----1------

A Hl''l(I ............ -- .••• ••••••·. •. .• . • ••• • • • 4, 0 3. 4 

1 CollllJlD 5 ?w been oompui.ed by tbe Bumm of A,zrlcultural Entlo•rin& on tbe 
bua ol lllflow m 11.t ~. outGow (R) at Courebesll6, and Mesilla Valley 
lrriimted r.r1lli!I (A<) u reported by the BW'111Ul or Reel&matlon. 

Records or Use or Water 

The Bureau of Reclamation keeps records of water 
distribution for Rincon, Mesilla, and El Paso Valleys. 
These include monthly amounts of water diYerted, 
main canal waste_. main canal losses. an~ water deliv
~reci :-0 :arms. ·3. 0 3. ·'.)eoier :n 1 :eport 0n ·use oi 

· water on Federal irrigation projects gives a summary 
o1 records for the Rio Grande project from 1912 to 
1926 inclusive (16). 

----1-----------+-----Y£All-----,l-------!l------i------f-------l 
..0 J.£.WlQ 

tSO ~.rtlHH from E•1,,..an1 l\!Ut Re-1,rwD1r 

l40 c-.i:~S:F~~:~~::~~u~::2·~ ,~a:r· In. iM-1925+-----+-----+--IH-+-+-----+------t----,,,----, 
1)0 

l!O 

..,,10 

:IOO .. 
"'IO 
~ 80 ... 
:!; 11) 

.. to 
i so ... 
~ 40 

¥ ,c .. 
zo 
~ 

CO- 003295 

TX_MSJ_000375



344 

Experimental Studies 

Investigations on the use of water on crops hn,e been 
conducted by the New Mexico Agricultural Experiment 

TABLE 43.-lrription water applied, rainfall, fot~l watff receit•ed 
by e:peru,wm.tal plot, in Merilla Valley, N. Mtz:.1 

.\rea 
Y,nr lnl· 

pwd, 
!ICl't'S 

---
1905 ..••.•••..•. 
1005 ••••••••.••• 
19():\ •••••••••••• 
1913-•••. ··••••• 
11113 •••••••••••• 
19:13 ............ 
Ull4 ••••••••.•.• 
1914 .•.......... 
lijl4 .•.•. 
11123 .•.••• :::::: 
11123 ............ 
11123 ••..••...... 
l'ir.l:! ••••••.••••. 
1921. •••••••••·• 
1923. •••••••·••· 
11123. ----- .••••. 
l'ir.l:! ............ 
11123. ·-·· ••••••• 
11113 ____________ 

1915. ••••••••••• 1915 ____________ 

1915 ••••••••••.. 

191~-----······· 
11115 •••• --······ 
1915. ··-········ 
11115. -·-·-······ 
11115. ········-·· 
11115 •••••••••••• 
1915 ••. ·••··•••· 

1915 •• ·••••••••· 
11115 ............ 
1915 ............ 
11115 •••••••••••• 
1915. ·••····•••• 
11115 ............ 

11115 ••• ••••••••• 
1915 •..•.•••••.• 
1915 ...•••.••••• 
1915 ••.••••.••.• 
IW.. - ...•.••••• 
19211 .•••......•. 
111:Zfi •••••......• 
l1121l ............. 

::::::::::::::~ 
11126 .•••.••••• :. 
1926 .•.•.••••••• 
lll2fl. ···---···-
llr.!t! ••.••••••••• 
1926 .•.••••••••. 
lffl .••......... 

(') 
(1) 

3.4 
24. 4 
211. 95 
fi. 37 

2(. 4 
6.37 

14.5 
• 5/iO 
. &\I 
. 5116 
. 400 
. r,oo 
.513 
. 113~ 
.332 
.353 

10.10 
• 55 
.40 
.42 
,ll.1 
. 47 
. 43 
.49 
.4;'\ 
, 411 
.~3 

• 27 
. 26 
. 30 
• 'l:l 
• 211 
.26 
'211 
• 211 
• 211 
• 2l< 
(1) ,•) 
(•) r,, 

""•)' 
(l) 
(•) !') 
(~ 
{') 

lrr!ga-
tlODS, Crop 
IIUD1· 

Iler 

11 Alfal!R .•••••••••.....• 
il ••••. do •••••••••••••••• 

12 ..•.. do •....••.•••••.•• 
i ..•.• do •••..•••••••••.• . .•••• do .•••••••••••.••. 
4 .•••• do ••••••••.••••••• 

JI ..••. do ................ 
1 ..... do ................ 
11 .•••• do .••••.•••••••••• 

13 .•••. do •••.•••••••••••• 
13 . •••• do ................ 
13 • •••. do ••••••.••..•.••. 
1~ .•••• do .••••••••••••••• 
13 ••••• do ••••••••••.••••• 
13 ••••. do •••••••••••••••• 
13 . •••• do .••••••••••••••. 
13 .•••• do .....••••.•••... 
13 . •••• do ....••.••••••.•. 
3 Com •..•.•••• ·--······ 
6 ••••• do._ .............. 
~ ••••. do •••••••••....... 
6 ..•.. do ................ 
6 ~Imm .• _ .••••••••.. 
6 .•••• do ................ 
0 .•••• do ................ 
6 ••••• do ••••••. ··--·-··· 
6 ...•• do .•...........•.. 
t .•••• do ••••••••.••••••• 
5 ..••. do .•.•.••.•••••••• 
1 S1:dan trRSS ........... 
7 _____ ,10 ................ 

' ..... do .. _ •....••••.•.. 

' . .•.. do ..•..•••.•...... 
i ••••• ~0 ••••••••••••• - •• 
7 .••• di> .... ·---·-······ 
7 ..•.• do •. -·-····· .•••.. 
7 . •••• do ..••.•..•••••••. 
7 ..••• oo ................ 
7 _____ do ................ 

11 Seed cotton_ ••.•.•.•.• 
11 ••••• do ................ 

Ii .•... do •••.... --- .••••• 
5 ..... do ........... • ~ ~+ 

11 6 ...... o ........ , ...... . 
0 ' ..... JO ............... . 
fi .•••• do.----·········--
,. .•••• do .............. .. 

ll .•••• do .............. .. 
ll ..•.. do .••••••••••••••• 
6 ..... do ............... . 
5 .•... do •••.••.•....•••• 

Total quantity of water 
In -e-!eet •-lved by 
crop .,er acn! 

mlll.'!I-
thln 

2. 52 
a . .s 
b.12 
3. 1)1; 
3. 04 
2.00 
3. ;1 
3 lfl 
2 fl.!, 
!. IJ 
•. 88 
3. r, 
5.T.! 
5. JO 
,. 43 
f. 70 
4. r. 
3.50 
l.!15 
2.1)9 
l.S!i 
t 113 
I. il'.! 
2.67 
2 7i 
2. JO 
2. 3Q 
2.40 
l. r. 
2. 61 
2. 51 
2.64 
2.4\; 
2.61! 
2. 711 
,.112 
:ut 
2. 51< 
2. 3, 
4. 00 
3.41 
2. 00 
l. ~l 
• . . 0 
2. !G 
2.U 
2. 18 
3.52 
3. 44 
2. 20 
2.116 

l 

Ra.in-
fall 

0.87 
.S2 
.82 
,(),I 
.M 
.67 
.118 
.50 
.M 
'f,O 
.00 
.Ml 
• 00 
. 50 
. 50 
• f,O 
• 50 
.50 
.M 
.22 
• 22 
.22 

.22 

.22 

.22 

.22 

.22 

.22 

.22 

.44 
.44 
.44 
.4-l 
.H 
.44 
.44 
.« 
.« 
.« 
.47 
.47 
.47 
. 47 

~, l 

. ;1 
•• 7 
.• 7 
.47 
.47 
.47 
.47 

Tou,.l 

3.44 .. 
b. 94 
3. 72 
3. 68 
2.r.7 
4.6U 
a 
3.1 
b.61 
5. 3S 
,. 47 
6 . 
L. 
4. 
5. -
4. 7, ,. 
:!. 
2. 31 
2.1 
2. 
2. 21 
2.89 
2. 119 
2.3 
2. 61 
2. 
I. 

3.11 
5 2.11 

3. 08 
3. ll 
3.1 2 

22 
00 
IIO 
02 

3. 
3. 
2. 
3. 
2.81 
4.47 
:l.8!< 
2. 47 
2. 28 
... .Ji 
!53 
2. IIO 
2.65 
3. 119 
3. 91 
2. 67 
2. 73 

1 Abstract or ta hie 12. Dure.au ol !,imcultural EugloeerlDK report (20, 
I Plot. 

Rio Gra:nde Joinl Im. ti<m 

Station and the Bureau of Agricultural Engineerh,, ·" 
many yea.n. Some of the :results a.re reproduceu 
tables 43 and H, inclusive, from United States Deps· 
ment of .Agriculture report {24). Other studies 
Dean W. Bloodgood, associate irrigation engineer 01 

the Bureau of .Agricultural Engineering, and Albert S. 
Curry, in charge of irrigation department of the New 
Mexico Agricultural College, have been published by 
the college (7), (8), (14). 

TABLE 44.-U,e of water on alfalfa, water applied at each frriga
tum, ro.infall, total water received in Mesilla Valley, N. M~.1 

Total qu,u,Ut; of ...-aw 
Def,tb rei:eived by crop per BA:re 

~~to:, lrrip· 1 Balnta.ll Total, 
mcbe3 .c!:1i:et acre-leet acre-feet 

----------1---- -------------

Year 

1916. -----······ ·--··-----. •• . . 12 
1916........................... 19 
1916........................... H 
llll6........................... 16 
1916........................... 15 
1!110........................... 13 
11110 ................•.. _. ___ ... 10 
1916 .••.. ·•••···· ... ·····-····· 18 
1916 ... ·····•··•· --------- .. . . . 19 
19lfl .•••• -•••...••••••••••.. ___ 12 

5 5.00 0. 56 5.56 
2 3.17 • .'56 3. ;3 
4 4.117 .56 5.23 
3 4.00 .56 4.~ 
3 3. 75 .56 4.31 
4 4.33 .56 4.Se 
5 4.17 .56 4. ,3 
2 3.00 .56 3.56 
4 C.33 .641 &.119 
5 5.00 .66 5.00 

1917. ·------- •• ·····--·--- ••• -- 12 5 5.00 .44 5.4-4 
1917 ····-- •••••.•• ·-····· •••••• 14 
1917........................... 13 
1917........................... JO 
1111; ____ ................... ____ ~ 

191i. .......................... 11 
1917........................... 10 

3 a.ro ,,M 3.11-1 
3 3.25 .44 3.611 
1 3. 3a .« 3. 71 
5 a.n .44 4.19 
4 3.~. .44 4, ll 
4 3.33 , 44 3. i7 

1917 .••••• -·-····. ••••••••••••• 15 
19li ........................... 18 

3 3. i5 .44 4.19 
2 3.00 .44 3.44 

lllli........................... I~ a a. ;5 .44 fM 
ms........................... u 3 3.50 .29 
1918........................... II 5 4. il8 ,21l 
U)JS..................... ...... 12 4 4.00 • 211 
19!~ •••••••...••.•••••••.•••. _. li 
1918 .•••••...•. -· ......... •. • . . 10 

3 4. 25 .29 
2 3. 17 .211 3.4n 

111rn .••••..•••..••• --,---····.. 11 5 4. f,8 .29 U!i 
191R. .......... .• .•..•••. •. . ... ll ' 3,,;7 .29 3.ilG 

;;::·········---·--·········-··1 ~~ 
mt::::::::::::::::::::::::::! l; 

3 3. 7~ .29 4.0l 
2 2.113 • 211 3.12 
5 ~:~ I .211 6.~ 
4 -~ 5.~ 

:9ll• .................... -.... l :. :1 :s ;, ~! 
.919.......................... .o . ~- J-; . .:.s' ,.·:.-. 
1919 .. _____ .................... ,. l2 
11119. ---- ..••••.•••.••••••••• --, 12 
111111 .. ~---···················-· )0 
)919 •.•.•••••.••••• --.----··--· 10 

mt::=====:=======::::::::::\ :1 

3 
3.00 I 

.M 3. 51! 
3 3.17 .51! 3. ,$ 
b 4.08 .118 4.66 
4 3. 25 .118 3.113 
3 a. n I .156 3. i5 
2 2.67 . 58 3.25 
5 Ulil ,581 5.16 

1 Abstract or table l4, Bureau ol Agrlcultural Englueerlug report (:Ul. 
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PART III 
SECTION 4.-BUREA U OF AGRICULTURAL EN GIN .... , ·,ilNG STUDIES 

OF CONSUMPTIVE USE OF WATEi 

- .. ,,..·--------------------------------------------
T .,· consumptive use of water studies conducted by 

the .lureau of Agricultural Engineering in San Luis 
Valll'y, Middle Rio Grll.,llde Valley, and Mesilla Valley 
may be considered as having t.wo parts: 

(1) Analysis of climatic data, water supply and irrigation 
records as a basil! of estimatiug consumpth'c use on large repre
sentath'e tracts or areas. These include studies of paiit :rocords 
and tbe results of field v.-ork during l 936. · 

(1) Evapo-transpirntion and evaporation i:ni:asurcments by 
meJWS of tanks and soil moisture studies. These include both 
native vegetation and irrigated agricultural crops. 

Unfortunat.ely funds to start the innstigntion were 
not available until April 1936, and many of the field 
studies could not be gotte-n fully under wny until the 
Iatt.er part of May. Thus, in addition to being of 
limited significance because of representing only a 
single year, the 1936 field studies are properly subject 
to criticistn because they are not completely repre~ 
sentative even to that extent. With full realization 
of their limitations, the results of the 1936 field studies 
are nevertheless believed to be of value, and accord
ingly are set out at the proper place in this report. 

In most of the early studies of the consumptive use 
water in the West, needs for irrigation have been 

the major motivating element. Naturally, therefore, 
the approach has been from the point of view of imgated 
agriculture a.nd the basic units of time and of area used 
have been +,he r;ron _vear md the cron 1rea. These 
;inits ",\·ere asea :n ."h~ ,ep"ort oi .,he c_oi:nrnittee -:ii ~.:-ie 
American Society of Civil Engineers in a report on 
Consumptive Use of Water in Irrigation (25). 

However, for the Bureau's Rio Grande studies it 
was decided to use the 12-month year instead of the 
crop year a.s used by the society's committee, and ·the 
geographical unit of area as well as the irrigated area 
within each geographical unit. Moreover, the con
sumptive uses of water by native vegetation and by 
bare land and water surfaces are important factors of 
the Bureau's Rio Grande studies. It has therefore 
been necessary to add new definitions and symbols to 
those used by the committee. Methods of procedure 
heretofore used have been extended in the Bureau's 
studies. 

Methods or E,tiffl,llting Vllley Consumptive Use 
Three methods have been used by the Bureau of 

Agricultural Engineering to estimate valley consump
tive use. These methods are designated as follows: 

\. The inftoW-/Jutft<,w method, which is the meASuremcnt of the 

amount of water flowing int-0 and ,mt of a given area, including 
precipitation, and change in grounci-wRter ~!,:,rage. Th11s 
Valley con11umptivc use (K) is equal to the amount of water that 
flows into the Valley during a 12-month year (J) plus the yearly 
preeipit:..!:cr: on the valley floor (P) plus the wat-cr in 11:r(>m1d 
storage at the beginning t>f 1 hi:, year (r..} minus the amonnt. 
of wakr in ground ·storage at 1ho encl of i ho yc:ir (G,} minu,- ! he 
;,;early outflow (R); all amounts mca~urcrl in 11,("ro-foot.. 

B. The lntegraHon method, wh.id1 is 1ho snmmaiion of 11u:: 
produets or consumptive use for each crop times its area, pl11~ 
the consumptive US(l of native vegetation times its area plus 
water surface evaporation times wakr surface area plu~ evapora-
1:ion from bare land times ii-s area. 

C. The Hedke hea.t-eomumption method, which is the appli('a
tion of a linear relaHon between the ronsump1in WIB of water 
and the heat avnilable for production of crops each month, and 
for the season (25) (26). 

More than any oth~r method, the inflow-outflow 
method of estimating consumptiYe use of water for 
large areas has been applied by engineers; but defini
tions are essential in order to segregate Valley consump
tive use into its component parts, such as use by crops, 
native vegetation, and evaporation from ha.re and fallow 
land and from water surfaces. :Methods B and C ha't'e 
been used primarily in Mesilla Valley. 

Combinations of methods A and B ha:ve in some cases 
seemed fruitful and the results of such combinations 
are also presented. 

Definitions, symbols, equations used, and essential 
details 0i ?rocedure ;n Jstimating ~onsumptive 1.1se are 
presented below'. • 
Bureau of Agricultural Engineering Usafe 

1. Time period.-A 12-month period beginning January l fo 
uscd as the unit of time. 

2. Prtcipitatiim used.-All the precipitation during the cntil'c 
~r ui considered as wa1er consumptively used whenever pre
cipitation is included in the computations. Tho product or the 
area (acres) within the exterior boundaries and the annual pre
dpitation in feet is taken as the acre-feet contribut.ion.1 

, It is ~ that s:ome of th11 rain co!llll6 In sucb small showers that Ii ll! of Lu t 
little, If a.o,, benefit to crops. Ye& 11Uch min l!l "consumed" "lll"f aoo1:1 aner lalllng. 
:R&inlall thus OOl!SlllDed ill dflSlu;nated "Donbellellclal" eonswnptlve use. Probably 
the maJOI' value or the precipitation, as lnll!PSted by Hedll:e (26), is In th~ substitution 
of the molatme thus !Dade avllllAble for soil moisture J)l'Ov!ded by lrrlptlon, to supply 
the IIVllpomtlon from the aree.. 

Enpomtion lOliS nf1.ef a ralllstorm is uulueneed by many factors sucll a.s. tewpera· 
tme, qd mOffmmt, aoil t'flle, kl.lid or v_.Uoll, tnterceptlon, a.od periods between 
llt4tml. Oblen'a.tlom made in a,outbem Calirornia by the Bureau of A picuhuml 
l!!~ il:ldlcate tbat tho a'l'm&11 l!ve.poratlon llJ!lll from the top !ICll ls about ODe
haif Mn-Jnch per·- after each ni!Qtorm (4). 

Tile Buraau doeg not. have available IIUffl.clent ~ta! data relative to nates 
of e'tapomtlon from !Oils folJo-,;lng num ill the Upper Rio Grande Ba.sin to constltnte 
11 belll! for estimating the eflectlvene of the rainfall. Therefore, all the aminal pre· 
dpltatloll hat been dl!llip.ued 1111 a pert of the CllIISUmptlve use, lt bell!& ~ , 
bowevtr, that ho11rledp of the a.mount of strmm-f!ow deplttlon (heretofore desl.1· 
pet,ed mnmmpti'l'e wi,e by some '1111'11.en} Ill of v!tu.l practical 1mponance In the solution 
of Rio Onmde water Ulll! problems. 
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3. Volume of soil eonridered.-Corummptive use is considered 
within a volume of goil; that is, the product of a multiplicatfon 
of the valley ~ in acres by the depth of soil which needs 1'.o 
be considered-usually a depth greater than tbe maximum depth 
to the water table. 

4. ff' am- in dorQJJe.-Wat.er storage is considered u being in 
two forms: (a) Gravitation.a.I water and (b) ca.pillary water. 

5. Grcu,italiono! wate,- in ,torage.-The essentia.l qua.ntity i11 
the change in the amount of gravitational water in the soil 
during the period under consideration. 'This is tbe product. of 
the mean difference in feet in water tah'.l:e elevation &t the beltin
ning and end of the period, the area in acres of the valley tioor 
and the mean specific yield of the soil .1 

6. Capillary water in s!orage.-The volume of capillary water 
taken from or added to the soil is the product of the mean differ
ence of moisture content of the unsaturated soil, dry weight 
basis, the mean volume 'IVl'ight of the soil, the depth of the ooil 
in feet, and the area. in acres of the valley floor.I 

7. Water inftow.-All wa1,er flowing iDto or over the volume 
of sell under consideT11.tion during the time period selected, both 
surface and subsurface streams, is considered as water inflow. 

8. Outjfow.-All water flowing out of the volume of soil eon-
11idered during the time period eelecled, both surface and sub
aurface, is considered as water outflow. (See also detail& under 
"Symbols and Equations.") 

9. Stream,.ftow deplelion.-This term has previously been 
defined (see p. 326). Briefly, the expression "stream-flow deple
tion" means the inflow less the outflow, and usually in past 
studies, though not always, its a.pplication has been confined to 
surface strea.ms. In those cues where stream-flow depletion is 
considered for a valley the "outflow" may be concentrated and 
measured at only one place, whereu the "inflow" wma.lly occurs 
in a number of streams and must be measured at several places. 
Ir it is desired to determine "stream-flow depletion" on parts of 
valley areas, usually several inflowing 111,Ild outflowing streams 
must be measured. 

1 Oa. Consumptive me.-The Valley consumptive use includes all 
transpiration and evaporation loues from lands on which there is 
gro11,ih of vegetation of any kind, '\l\'heiher agricultural crops or 
.:14th·e '"•!;etJJ.tion .. ;iius ~Yaporstion :"tom '::-are :anrl 1nd :';om 
~-ater Juriaces. The water consumea by ,1ative ~'egeta.tion, 
evaporated from bare and fallow land .surfaces, and from water 
surfaces, is designated as "non-beneficial" consumptive use. 

1 Ob. Ba11ic consumptivt use eq!Lalion in wordi.-As defined by the 
llurcau of Agricultural Engineering, the Valley consumpth-c use 
ill C'1111al to the amount of water that flows int-0 the valley during 11, 

12-month year phrn the yearly precipitation 011 the valll'y floor 
or project area plus the water in ground storage at the beginning 
of the year minus the amount of water in ground storage at the 
end of the year minus the yearly outflow (all amounte are meM
ured in acre-feet). Later computations show acre-feet per acre 
per year for irrigated areas and for total areas. 

• The actual d.........., 1., tba ,·olume of p,avitaliom,J i:;round water In 3l.onoge m..y ~ 
liell$ tllill the \·olume thus -puted fOf sinall dmn&e$ In the avence dep~h or the 
,irater tabh! because of I.be inllumc,e ol the capillary frinp zoos. Ho,,,evv, this dltrer
l!DOJ! is probably bal&DCl!d in 1J111t at lee.st by the fact that a lowmin1 ol the water table 
1utomat!mlly t::11- 1 cmmM Ill the eqnllibrlum &mllllllt or capilla.ry watll' tn the 
root tone proyided the wat• table .la 'llrith!n I few l'eet or~ land surtaoe. M-'t'lll', 
I.be r11cu that the imcn~ of the apecifle yield UN<! benlll lllust be IIIISSWl).ed, lll:ld 
that the annp lllllomit al umua! chimp ID the volume of src,und 'lrllitet II a very 
1mal.l pert of the umual IRll!IIDllpi.1"1'11 .,., jnstify I.be belW that the IIITl!1' from the 
IO!lffl! mention«! ii l!llllilclblii. 

1 The d- ar 1-ID tho IUOOWJI or water In CIJIPlll&ry water ston,p durln11 
the plan I 11l'Olring -n may be. a liCDiflCBllt llffln ID the unual con.sum pt.Ive use. 
For thfl; nmon mention ls .bin made ol capillary l!IWf'IP l!Yell though there are no 
Jal.a B'11ilahle for lll!t!malfni theamlllll!t ot cha.op ID tlllPillary sl.ol'all:e iII the Bureou's 
studies ol COIISU!llpth'e me fM yeai,; prior to 11136. 

Rw Gra:nde Joint Jnr,, 

ll. Symboh.-Quantities involved in the foregoing defi,. 
are identified by the following symbols: 

Storage o.t beginning of year (acre-feet): 
Gravitational water above any datum iru.rfac,e ____________________________ G. 

Clqiillary water above datum surface ____ C. 
ln/tl,w F -,ea:r (acre-feet): 
~ lt:reams, sum of. .... ___ . _____ . __ 1 
Sub-surface streums, ,mm of.--· •. ______ F, 

Prer:i:piiati.on on the Dalley floor per ,Vfflr (acre-Jeei) ___________________________________ 1' 

Storage at md of yeo.r (acre-feet): 
Gravitational water above datum ______ G, 
Capillary water abo,;e de.tum ___________ C. 

Omflow per year (acre-feet): 
Surface streams, sum of. _______________ R 

Sub-surface streams, sum oL ______ • __ • _ F. 
Streu.m,.flow depletion per yeo.r (acrt-feet): 

Surface inflow less outflow _____________ 1-R 
Con,umplive uae per year, total for tract or 

11Glley ( a.ere-/ ttt) ; 
On cropped lands. _____ .. __ .... ___ . _ _ _ K • 

On fallow la.nds---··------------------ K, 
On native vegetation lands. ____________ K .. 
Evaporation from water surfaces ________ E,. 
Evaporation from bare land ___________ . E 1 
By the entire project or valley, i. e. (K. 

+K1+ K,.+E,.+E1l------ _____ . _____ K 
Land afld water iurf ace are1U (acres): 

Producing crops. ___________________ ._ A. 
Irrigated lands _________ . ___________ •. A; 
Fallow lands ___ •• _ • _ . ___ . ___ . ___ ... _ • A 

1 Native vegetation _____________________ A,. 

Water surfaces, river plus irnga.tion and 
drain ditches_ .• ______ •• __ ••• _ _ _ _ _ _ _ A .. 

Bare land &rea _______________________ A
1 

Total &re& of valley floor (A,+A,+A. 
+A.,+A1)-----------------·------- A 

Are& of eaeh crop each year. ___________ a 
Area of each _',:ind 'Jf native ·:ei;-etation 

·~a.ch ':·ear ____ : _. ___ •• ______ ·- _ _ _ _ _ _ _ :i 

Stream-flow depltlion p,rr year, unit amounts 
(acre-feet per acre): 

Fl d I t . . . t d 1-ll ow cp c 1011 per acre 1rr1ga e _. _. _ _ _ _ A; 

Flow depletion per acre of total tract or 

vall(iy are11 ... ________ ---------· ____ l~R 

Stream-flow depletion plu.s precipitation per year, 
unit amounts (acre-! eet per acre): 

. (111 

Flow depletion plus precipitation per a.ere J +P-R 

irrigated •• ------------------------- A, 
Flow depletion plus precipitation per acre I+ P- R 

of total tract or valley area_._________ A 
ComumpU1.1e use ptT year, unit amcun.ts for tract 

or valley (acre-! eet ~ acre): 
U ee by crops per acre irrigated ..• _ _ _ _ _ _ _ K ,/ A; 
Use by native vegetation per acre.______ K.,./A,. 
All uses per acre irrigated______________ KIA, 
All u11es per acre of tract or valley ______ • K / A 
By each agricultural crop per acre_______ c 
By ea.ch kind of native vegetation per acre. " 

12. Raai.c Rational Eqwuiom fo 111 a.tm1»uuical 1'',m11.-l n har
muuy with the basic equation stated in words in article 10b 
follows that: 
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Water Utilization 

(.' __ )+!+ Pd--P= 
:·CJ +R+F.+K&+K,+K .. +E,.+E, {l) 

.,1 doubt, clear that the 111J1n1.U1,l valley co1JDLim;,t · ·, ,, use 
. ::.;pi,ed land may be eatima.ted by summarizing the products 

.,; the unuaJ UBe by euh crop timea the number of acres of land 
used to produce it. The consumpth·e uee by native vegetation 
l.n the valley may be nmated in a similar way. It follov.·s. 
therefore, that: 

K.=:t(ca) =c1a1 +ttaJ+~a, etc. 

K ,.=::Z:(vn) = D1n1 +11tn,:, el,c. 

(2) 

{3) 

Equation l is general in character. However, under certain 
conditions, it must be observed that a strict application of this 
equation would necessitate an auumption, either implied or 
specifically stated.t 

13. Reatrictiom.-(a) The quaDtities c. and C, of equation 1 
are not available for studies of consumptive use in past years for 
either of the 3 major valleys of the Upper Rio Grande Ba.sin. 
Moreover, the difference (C.-C.), which may be positive or 
negativ'e, is relatively nns.11 and may be neglected for present 
purposes. 

{b) There are no measurements available for the quantities 
F;, but the concensus of opinion seems to be, for the Mesilla 
Valley at least, that the quantity is small and may be neglected. 
Some engineers feel that the sub-surface inflow, F;, probably 
exceeds the subsurface outflow, F., but all seem to be of the 
opinioD that both quantities are relatively small. 

The quantity F. was measured by C. S. Slfohter in August 
1004 (74.) and found to be about 0.13 second-foot, which certainly 
is negligible. 

Applying these two restrictions, (a) and (b), and remembering 
t K=K.+Kr+K .. +E..+E1, it follows from equation 1 that: 

K=(l+P)+(G.-G.)-R (4) 

(c) A further restrictioD seemingly essential to a clear review 
and oompari80n of past studies in Upper Rio Grande Basin, is 
to neglect the quantities P and (G,-G,) on the right-hand side 

. Ji ~qu.ation t :'he :-esniting 1uantit:,, ·hat .s. : --.11, .lo8 

.::nentioned herembt!fore,. ha.s frequently been designated "con· 
sumptive uee." Actually the precipitation is "consumed" in 
p&rt at least. Hence to designate (l- R) as consumptive use 
may be misleadjng. Rather, ''stream-flow depletion" alone is 
properly designated (l - R). 

Appilcat.ioDS 

In studies of pa.st use of water, Method A (equation 
4 in particular) has been applied to two major valleys 
in the Upper Rio Grande basin, that is: San Luis Valley, 
Colo.; Mesilla Valley, N. Mex. and Tex. 

However, there are noteworthy differences in the 
amount and the relia.bility of available date., and there• 
fore differences in the assumptions introduced. for each 

• U. far inmDoe, u •~ l,1llll't DI a va.lley has a water table at a p-eat depth 
below the root acme, 1a:, l!8 Jllld ar men, It woold Ile lm~ to DMllll8Ur8 C. ud 
C, In Ill the IOil abanl the ,,,._. table. In JUch I cue It mmt be IIIIIIWlled tbt 
deep ~ i- from the d •bin t.be ••• table II at a pat depth do not 
add to the (l&pillary IOI.I m*ml ID ld.anap ID the IIOil beJo,r the depth to which eoll 
molatme ol:ieervatlom an mad& to ~ C, and C.. bl o&het •web. It must 
be U111mtd, 1:111dtlr the CllllDdltlml uiertbed, that dtep peroolatkm lolSN !tom the 
aoil l'OOf. &ODIi will aoatrlboie to p,xmd wai« suppJlal ud be ~ elth1r as 
1~.._ 111 llllcll ~ er u aa~ oul.flow. (See par. 2, p. I:J711 A. 8. C. E. 

l'l'IIO..) Equations % and a an, lll!llll!ft), 00111.aln!ng no asawnpl[on.s. Dowever, 
le 112e11111111m!tml& of the Qll&lltitlell (c) and (J) u,, vl!J11' d.lfflcult to make 1111d 

,IIIW the WIO cl eqllatlou :l md 3 ma7 IIIICllllllaltate ae:rt.&iD 11.111umptiom. 
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v"lk,y. Consequently it is essential to indicate proce
durE' and list assumptions for each valley separately. 

Parts of San Luis Valuy.-The pa.st studies of San 
Luis Valley permit' the application of equation 4 in 
whole or in part to certain tracts in the San Luis Valley, 
notably the Bowen-Carmel area of some 17,300 acres, 
studied by Tipton and Hart; the southwest area includ
ing the Conejos area or excluding it, and the Conejos 
area a.Jone, investigated by Tipton; the Bureau of 
Agricultural Engineering area of some 375,000 acres in 
the southwest; and water districts nos. 20t 21, 22, 23, 
and 26, studied by Osgood and Black. 

The past investigations in most of these parts of 
San Luis Valley · --·~~ include only measurements of 
inflow (J) and outb. · (R) and therefore constit11t!:' real 
stream-flow depletion studies. One of the investiga
tions includes pa.rt of (P) and another includes part of 
( P) and also ( G,-G .) . Details of each of the investiga
tions on parts of San Luis Valley area. are reported. 

There are no available data for past years of the 
quantity (G,-G,) !or San Luis Valley as a whole. 

The quantity R for the San Luis Valley as a. whole is 
available. 

Application to Mesilla Valley.-Tbe quantity(]) for 
Mesilla Valley includes annual river inflow at Leasburg 
plus the arroyo inflow. The latter is small, relatively, 
and must be estimated because there are few, if a.ny, 
reliable measurements. The quantity (P)is the product 
of the calendar year precipitation in feet and the area 
of the valley floor in acres. Records are available for 
only one rainfall station in the valley; namely, State 
College. Therefore, considering the Mesilla. V a.lley 

•lS .l -,,•hoie. it is '.JOSsibJe GO·makc Jlli'V·:1.PProximations-' 
of the vol~e of yearly precipitation: • • · 

For the quantity (R) only the records at one station 
need be considered; namely, those obtained at Cour• 
chesne (El Paso). 

The quantity (G.-G.) is considered as a unit so that 
absolute evaluation of either (G,) or (G,) is unnecessary 
the difference only being needed. This is the product 
of the difference in the average depth of water table in 
January of 1 year to January of the following year, 
measured in feet, multiplied. against the specific yield 
of the soil and the area of the valley floor. 

For estimates of ground-water use it was MSumed that 
the specific yield was 15 percent of the total soil volume. 
[t should be observed that il', at the end of the year, 
the average depth to the water table is less than at the 
beginning, the quantity (G.) is greater than (G,) and 
therefore the quantity (G.-Ge) is negative. 

Evapo-Tru.spiration Studies in 1936 

Following a. survey of the Upper Rio Grande Valley 
in April 1936 experiment stations were established in 
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the San Luis Valley, Middle Rio G.rwde Valley, and 
Mesilla Valley. At a conference with represeDta.tives 
of Texas and New Mexico it was agreed that :results 
obtained in Mesilla. Valley would be applicable to 
El Paso Valley and other areas in Texe.s above Fort 
Quitman. 

Soi1-Mol.1t111e Studies 

Field plots were selected in tbe Middle Rio Grande 
Valley and the Mesilla Valley for various a.gricultuml 
crops to determine consumptive use of water by means 
of soil-moisturC1 studies. When possible these plots 
were selected in areas where the soil was fairly uniform 
11.nd the depth to ground water was such that it would 
not influence the soil moisture fluctuations withln the 
root zone. Suitable locations for such studies were not 
found in San Luis Valley, primarily because of the 
coarse gravel subsoil and high water table. . 

Soil samples were taken by means of a standard soil 
tube before and after each irrigation, with some sam
pling between irrigations, in 6-inch sections for the first 
foot and thereafter in 1.foot sections in the major 
root zone. 

Standard laborntory practices were used in determin
ing the moisture content of the soil samples (4). The 
samples were weighed and dried in an electric oven at 
110° C. and the dry weights were determined. The 
water content of a sample was expressed as percentage 
of the oven-dry weight of the soil. From the moisture 
percentage thus obtained, the amount of water ~ acre
inches per acre removed from each foot of soil was 

MVd 
computed by using the formula D= !OO , where M. 

represents the moisture percentage, V the ·apparent 
specific gravity (or volume weight) of the soil, d the 
depth of soil in inches, and D the equivalent depth of 
wnter in acre-inches per ncre. 

Somo of the terms used in this study a.re defined ns 
follows: 

A 1,7mrc1,t s11cc1jk gravity (vofomc-wciyht).-1'hc raiiu o! the 
weight of a unit volume of oven-d.rJ soil of undisturbed structure 
to that of an equal volume of water under standard conditions. 

RMI. 11ptdftc gravily.-The ratio of the weight of a single soil 
particle to the weight of a quantity of water equal in volume to 
the particle of soil. 

Moiaiure equivalent-The amount of water retained by a soil 
in a standardized apparatus when the moisture-content is re
duced by meaA!I of a constant centrifupl force (1,000 times 
gravity} until brought .into a state of capillary equilib~um with 
the applied force. It ia expressed as percent of dry weight. 

Field-eapacity.-'l'h6 amount of we.t.er retained in the soil 
after excess mobile water has drained a11:ay and the rate of 
downward movement has mat.erial.ly decreased foJlowing an 
application of water from rain or irrigation. . . 

Moiature percmla.ge.-Pel't'.entagc of moisture m the soil l,a,ecd 
011 too "·eight of oven-dry mat.erial. 

Rio 6To.nde Joint lnv.. 

Poro.,ity.-The property or a ....,..,1,. Ql' earlh of eontain.ing 
stices. It is quantitatively expressed as tlle percentage u1 

aggregate volume of interstitial space to tot.a.I volume. 
S"J)fdjfo rdention.-The amount of 11:a.ter retained against 

pull of gmvity by rock or earth after being saturated and allo'I\ 
to com1Jl~telJ drain w a. ~mot-0 body of mobile water by way of 
con.tirmous capilllary iatel'Sti.:es. Specific reU!ntlon is' expressed 
ordinarily a& percem by vohnnc. To fulfill t.his definition in 
laboratory tesui it its Eer:e5sary to u&e a. roil e.olumn of height 
considerably exceeding the height of the capillary fringe, to con
tinue the experiment for extended periods of time, especially 
when working with fine•textured material, and to provide tem
perature control. Standardization of the limiting conditions is 
one of the serlow, problems of ground-water hydrology. 

Specific yi.eld.-Tb.e amount of water "·hich a rock or earth 
will yield after being saturated and allowed to drain under the 
conditions specified for det{!rmining specific retention. H is 
expressed u percent by volume. The sum of specific retention 
IUld specific yield equals the porosity of the material drained. 

Tuk Experiments 

The consumptive use of waier by agricultural crops 
a.nd by various types of moist-area native vegetn tion 
commonly f ou.nd along stream beds, swamps and 
cienaga.s, was measured by means of tanks during the 
1936 sea.son at different stations throughout the Upper 
Rio Grande Basin. Standard Weather Bureau pans 
were installed at. m.any of these stations since evapora
tion records a.re valuable in estimating e,•aporation 
losses from free-water surfaces and consumptive use of 
water by native vegetation growing in moist areas. 

The general procedure was similar to that develop 
by the Bureau of Agricultural Engineering (3), (4, 
(48). Soil and natural vegetation were placed in the 
tanks as nearly as possible in con!ormi.t.y ~ith their 
natural state. 

:vfa.riotte :l.DDfri'.ltUS '1'8.S 'JSCG :-0 ;,upp}y lTIG ::nafur,a.in 
a constant ~.~ier table in the soil for some of the tanks. 
Its value lies in the ease with which periodic measure
ments of water used may be mnde, as it is automatic in 
operation. However, sufficient funds were not nvail
ab]e to equip many of the tnnks vdth Mariotte oppn
rntus so the consumptive use of water wns determined 
by ~casuring the amount of water applied. Ei!lier 
this measurement must be supplemented by determma
tion of soil moistme a.t ili.fferent times, or the di.fl'erences 
in soil moisture at the beginning and end of period 
under consideration must be eliminated. The direct 
determination of the soil moisture in the tanks is 
scarcely practicable on account of the objectionable 
disturbance of the soil in the tanks when the samples are 
ts.ken. The practical way of meeting the difficulty is to 
conduct the experiments in such manner that the 
difference in soil moisture at the beginning and end of 
the period is as :nearly as possible reduced to zero. 
Hence the following method was used: 

(l) At the beginning of the month (or period) 0 1 

record, a men.sured .o.mount of water wus added to tl 
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tank until the water table bad stabilized a.t eleYa.tion 
do~ · the surface of the soil. (This elevation is 
,..,:: die initial observation or "zero" point in deter-

.: the consumptiTe use of wnt.er.) Thl?'n o 

.red amount of water wn.s withdrawn until the 
,, ~,ter table in the ta.nk had stabilized at the ele'\"ation 
proposed to be maintained throughout the sea.son. 

(2) Thereafter, at frequent intervals throughout the 
period water in measured amounts was added, the 
amount added each time being that calculated as 
sufficient to en.use tlie water table to stabilize at the 
desired le,·el. 

(3) At the end of the month (or period) and nt the 
do!'-£' of the S<'ll$On just before ha.rYest, a men.sured 
ammmt of water was 11.dde<l until the water table had 
sto.bilizetl as nearly as practicable at the initial obser
'\"ation or "zero" pou1t,, 

San Luis Valley 
V D.rious conditions relating to the geography, soils, 

and climate of San Luis Yall£':'', some of which are 
mentiont"d in preceding St"ctions of this report., may be 
described t-0gether as follows: 

The Yalley is located in tl1e south central po.rt of 
Colorado and extends seYeral miles into New ~foxi('o. 
(See fig. 75 and p. 298). The valley floor, which in 
former geologic periods was the bed of a large lake, 
Pxtends about 100 miles north and south, and 50 miles 

and west. The farming area lies from 5,700 to 
,0 feet aboYe sea leYel (p. 298). 

The principal streams are: Rio Grande a.nd Conejos 
Rh-er, and Afomosa, Culebra, Trinchera, La Jaro.J 
Saguache, Cottonwood, Spanish, Willow, Crestone, 
Cotton. Rito Alto, San Luis, Costilla, La Garita, and 

· •:J.tnero ';:-eess. · The .,rnter .;uppiy for a.griculturai use 
comes primarily from these streams. The main 
gr1wity snppl,v is the Rio Grande and Conejos River 
and AJumosn Crc>ck, but considerable water is obtained 
from tributaries o.ud indep<'11<lent creeks aud, in some 
UJ1'ns, from nrtc>sinu wells. Farmers cannot rE'ly on 
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precipitation, although in some seasons the run--0ff from 
rains contributes materially to the flow of the streams 
in summer. At Manassa precipitation has averaged 
only 6.81 inches annually, at Del Norte only 8.19 
inches; in some years it is eYen less. (See table 1 i.) 
During dry seasons farmers in some sections haYe 
drilled wells and pumped for irrigation from their 
underground supply. . 

The climate is characterized by dry and cool smruners 
limited rainfall, and high spring winds. (See pp. 315 
and 316). Temperature and precipitation records of 
the United States Weathn B:,: ,:au stations in the 
Valley in 1936 are shown in to.ble 45. 

The soils {p. 316) ore mostly sn.n<ly mul i11 rertui11 
sections ronta.i11 some alkali. The subsoil is grawlly. 
Large areo.s a.re waterlogged, but the gravelly subsoil 
makes drainage easy. 

1936 Studies 

In ~foy 1936, a preliminary survey wo.s rni,<le in Sun 
Luis Valley to locate stotions and a.reo.s suitable for 
conducting studies on consumptive use of water. 

Experiment stations were esto.blished by the Bumrn 
of Agricultural Engineering a.t Parma, West mnch, 
Wright ranch, and San Luis Lakes. "neat o.nd 
potato tanks were installed at the West and \Yright 
stations, native vegetation tanks at Parma station 
and standard Weather Bureau po.ns at the San Luis 
Lakes, Parma and West stations. Details of these 
experiments are described in later pages. (Pl. 11). 

Ra.in gages were installed by the Bureau at Parma, 
West, Asay, and East Henry in the southwest area, and 
at Wright ranch and San Lws Lakes in the closed area.. 
The precipitation records for June to ~oYember 1936 
:i.re shown in .ai:iie 46. 

Three large tracts were selected for the detennination 
of stream-flow depletion and consumptiYe use oi water 
in San Luis Valley by the inflow..outflow method: (1) 
Burr.au of Agricultural Engineerin? South'n·cst area ron
sisting of some 400,000 acres; (2) Centro.I Southwest 

TABLE 45.-Monthly frmvcrafures arid prce1'pitation at specified United Sta/Cs H't·ather Bureau stations in San Lui, l'all<'y, 1936 

Del Norte 011111ett Saguache Vallty 

l\fontb Mt.llDpte• 
Mean tetn· Preclplta- MIIIID tem• Preciplta· Meen tern· Preciplta· Mean tem• ~!pita- Mean tem• Pndplta- ciplt•llon 

pen1ture tlon in peratun tlon In perature tlon in ~tun tlon ill ptra~ure tlon !11 in i11che~ 
" F, inches • F. lncbe11 • F. .Inches ° F, !Debes " F, Inches for l 

January............................. !IO. 2 O.OI! 22.11 
February •.......•••..•.•.•.••..• ,... 25.2 .JS aG 
M~............................... 33. t . l3 36.4 

t/:~.L_::::::::::::::::::::::::::::::: gj :~ :!3 
June................................. 00.5 J.33 18.11 
July................................. 63.0 1.00 412. l 
Anirust .•• ·-----------··············· 412. s II. es 81, 2 
Sep1emt,er........................... 63.8 J.112 .5,5, I 
Oeloher......................... ... 42.-0 .60 44.4 
Novcmoor ...............•.•..••.•.• 31LX o •3,.~ 
lJeooml>er........................... Zl.2 .oo :zs.o ____ , ___ _ 

9. 171-·······-··· \ Dnual .......•.......•.................... 

T 
0.33 
.61 
. Ill 
, 16 

1, 05 
1.15 
3. 78 
l.)5 
.3.~ 
• :ro 
.17 

19,0 
23.8 
32.0 
411.0 
15(). 3 
!G.2 

.. ...... ~a-a,-a,9.., m"' 

81).8 
61-6 
119.0 
27.3 
JD.9 

11.19 ·····-------

O. ll 21. 9 
.ll 28.9 
.u 34.0 
.13 43. 4 
.06 62.l! 
,88 80.8 
.111 83. 0 

3.07 Gl. S 
1.3'1 l53. 2 
.74 43.6 
.1111 ---····-----
T :M.s 

7.35 ········-··· 

0.18 
.16 
.09 
.21 
.84 
.40 
. 811 

4.84 
2. 29 
.4~ 
• IN\ 
T 

lll.3 
K& 
aa t 
41.8 
M.O 
62. 2 
&.4 
62. 6 
M.6 
44. 5 
32. 7 
zu 

10. 46 ···-········ 

0. 22 
.oe 
.18 
.33 
, liO 
.G8 

2. u 
2. 158 
. 78 
.07 

u 
.04 

7.M 
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11.12 
.16 
.21 
.27 
.:M 
.83 

1.22 
uu 
1.4a 
• 411 
,1,111 
• O,; 

8. 74 
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TAlll,F 46.-~imthly .,..,_ c.ipuation ~ Bureau of Agricultural En
t,-r.urmg attz.: •• , .~ na San Lui, Va.lky, Colo., 19!J6 

1--------- -----,-- ---,---

-----1---1---1---1-------
June. ••••••• ---·- ••• Jwr .............. .. 
Au,ust ............ . 
S.ptembc ••• -······ 
Oel,ober. ·- ••••••••• 
Novemoo-•••••••••• 

1. 07 0. '19 
Llll l.l!ll 
:ue 2.112 
1.:1111 • Iii! 
.l!lil .u 
.H •••••..... 

0.36 
• :w 

4.13 
l. 3IO 
.88 
.18 

11.17 •• il.77 
1.47 
.n 
.21 

0.43 
J.28 
3.51 
1.117 
1. 23 
.20 

1.48 
1.18 
•• 211 
.M 
.00 
.07 

area of about 114,000 acres; and (3) Bowen-Carmel 
area of appromnately 20,000 acres. (See fig. 7S.) The 
latter area is practically identical with the area used by 
Tipton and Hart in their 1930, 1931 1 and 1932 studies. 

Bureau or Agricultural Enpneerb1ar SoutlnreBt Area 

The Southwest area of the San Luis Valley was chosen 
by the Bureau of .Agricultural Engineering for studies 
of stream-flow depletion and consumpti,e u.se because 
of the a,ailability of practically all inflow and outflow 
records of importance in such investigations. One 
study is based on previous stream-flow measurements 
mo.de by the United States Geological Survey and the 
State engineer of Colorado for the ll~year period 1925 
to 1935. A similar study, based on measurements by 
the same agencies in 1936 was made by the Bureau of 
~ricultw-al Engineering. . . · 

Dtecription.-The Southwest area, whlch mdudes all 
•. d3 

11live" area south of the Rio Grande, is shown in 
figure 7S. Beginning at Del Norte the boundary is the 
Rio Grande down to the point where it intersects the 
south boundary of Trinchera estate; thence it exte~ds 

. :10r:hw;,steriy ~o . ~he · Cvnejos ,.:a.iver: :hence·, jOuth
westerly along the east boundary of lands irrigated by 
Conejos River to o. point in the extreme southwestern 
portion of the Valley where the highest lands are irri
gated from Los Pi.nos Creek; thence northerly to the 
Conejos River and up the riYer to the highest irrigo.ted 
lands· thence northeasterly and northerly along the 
weste~1 boundary of lands irrigo.ted by Conejos Rh-er 
aP<l thence westerly to include all lands irrigated by La 
Jara Creek and Cat Creek; thence northerly and west
erly to include· all lands irriga.ted by .Alamosa Creek to 
the point of di version of Terrace canal from Alamosa 
Creek; thence northerly along Terrace canal to its 
intersection v.i.th Monte Vista canal; thence up Monte 
Vista canal to its point of diversion from Rio Grande; 
together with the lands irrigated by water from Rock 
Creek Pinos Creekt and Se.n Francisco Creek. 

~tiea.J.ly all the irrigated land in water districts ~l 
and 22 is included in the tract, and part of the land m 
water djstrict 20. 

'7onsumptive U&e of 1:VCUr-r.-Determin11tions ~f cou-
1pti:ve use of water and stream-flow depletion for 
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the Southwest area were made by i he Bureau of Agri
cultural Engineering !or the year: 125 to 1936, inclu
~•e, by the inflow-outflow method. The data for 1936 
are the most accurate and thus a.re considered separate
ly in the follov.ing discussion. 

Acreage.-The Southwest area was mapped by the 
Bureau of Agricultural E;iw..neering in 1936.~ The 
gross area in.round num'iJ, :;; 400,000 acres and the 
irrigat.ed area. is 224,000 :iut•s. Tsbfo 4.7 shows the 
land classmcation for 1936. 

The 1932 surveys of irrigated lend in San Luis Valley 
ma.de by John H. Bhss have been used together with 
the annual ·area estimates of Colorado water commis
sioners as a basis for estimating the irrigated area ea.ch 
year from 1925 to 1934t inclusive. Bliss found 2101000 
acres irrigated within the tract in 1932. In view of the 
fact that the water com.missioners' reports show great 
variation in the irrigated area of water district no. 20, 
and the further fact that a substantial part of district 
no. 20 lands are not included in the southwest a:rea, its 
irrigated areas are not used as a basis for estimating the 
area irrigated within the tract each year. For water 
districts nos. 21 and 22, in 1932, the water commis
sioners reported an irrigated area ol 144,000 acres. In 
order to estimate the acreage irrigated ea.ch year in the 
southwest area from 1925-34, the ratio of 210,000 acres 
to 144,000 acres was multipli~d by the sum ol the yearly 
irrigated areas in water districts nos. 21 11,lld 22. The 
irrigated a.rea.s for ea.ch year, thus determined, are 
shown in column 5 of table 48. The 1935 crop acreage 
reported by com.missioners for districts nos. 21 and 22 
is undoub~y too high, hence the 1936 irrigated area ·· 
is used m computing ~he stream-~_o'!" :iei~letion.per 9.cre 

· for 1935. 

TABLE 47.-Cla3iification of land in Bureau of Agricultural-En· 
gi~erinfl aouthweat area, San Luis Valley, Colo. and N. Mc::., 
19!J6 (Pl. 11) 

lrrlpted land Na.I.Ive vegeut.1011 Mlacellaneous 

Type Acres TYPI! AC11111! Type Acres 

Alralre, clover, !I, 700 Oraa, ••••• 21,800 Temticraril>· out or crop- 6, il3U 
ete. Brwh ..... 105.000 p.lng. 

4,000 Grass (bay) ••••. 5,8,300 1'1- and 17,000 Towns ..••••••••••••••.••• 
Putw-e ..••.•••• 113,500 IMllque. Bare land, blgb'o:ays, etc .• 1~ 740 
Elll'lf crops ••••• M,800 Pooled •ater IW'face ..•••• 330 
Late crll]III •••••• lll,400 Water mrlBces (rlveo, ca- :s. 
Mllloe.llaneou.s ••• 8,400 Dals,etc.). 

~ -- Hi."iio Total.-••. 224,100 --~--·------ -.. -... ------ -------- ---·----- - 00 

NOT1t.-Tot&l ana of tract 400,2ll0-. or In round nu:nben, 400,000 acres. 

Jnjlow.-In.flow mee.eurements to the southwest area 
were me.de at the stations and locations shown on 
figure 78 and in table 49. All inflow measurements. for 
the six major streams, as noted, were made at stations 
equipped with automatic :recorders. Five of the sta-

~ Thl.\'l al'l!la ru,.,s ,llff11n1nt bounclarles!in•I l:s sonMwhnl. ~ul.lliler th•n the ";srn11h,.·~t 
_ .. ~ by Lile enC111eer la cb;ir,:e, Hio Onwt.le Joint luve5U£H,!.iuu (i,,ee 
9'. 711, Pl. 11, ll.lld p. 17~ Pan l.) 
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tions are classed as "good" and one es "f a.ir", on the 
basis of the relative accurary of the records they pro,,
duced. Previous to 1936 inflow measurements vrere 
not made for Pinos, San Francisco, and Rock Creeks. 
Total diversions for irrigation as recorded by the water 
commissioners were taken as the inflow from these 
streams. The qu&11tities thus detennined are probably 
too small, because flood- and "inter-flows were not 
used for irrigation; but since the tota.f contribution 
from these creeks 1s relatively small, the estirn.nt..es of 
inflow from this source may be considerably in enor 
'Without materially affecting the accuracy of the· :reswts 
of the entire study. Gn.gjng stations have been main
to.ined for some time on San Antonio River and Ala
mosa, Lo. Jo.ra and Los Pi.nos Creeks, but the records 
for the winter months a.re incomplete. The data. for 
the missing periods were estimated from the biennial 
reports of the State engineer of Colorado on the basis 
of the records for years when discharge measurements 
were available, nature of drw.nage basin, and t~ 'or 
characteristics of the yeo.r in relation to the mean year. 
The inflows from Trinchera Creek, 1925 to 1935, in
clusive, were estimated by Do.n Jones, special deputy 
State engineer of Colorado, on the basis of the average 
a.nnuo.l discharge of the creek below Smith Reservoir 
minus the average annual diversion for irrigation be
tween the reservoir and t~e mouth of the creek. The 
annual contribution of Culebra Crook was considered 
negligible as practically all the water is utilized for 
either direct irrigation or storage purposes before it 
reaches the Rio Grande. (Pl. 11.) 

Return Flow from North.-The amount of the aver
age annual return flow to the Rio Grande below Del 
.:-;-or:-e Tas :a.:-.en· ~s .55,-!40 -~cr:e-ieet . .-:'his ~stim~te .:s 
based on the seepage jnvestigation conducted by the 
State engineer's office during 1924 and the experience 
of Dan Jones, who is in charge of the distribution of the 
waters of the Rio Grande. The average annual return 
flow to the river from outside the southwest a.nm or, in 
other words, from the north side of the river, was 
assumed to be one-half of the amount, or 27,720 acre
feet. The yearly return flow was then computed on 
the assumption that it has the same relation to the 
average return flow as the annual discharge at Del 
Norte has to 706,900 acre-feet, the mean annual dis
charge of the river for a. 46-yea.r period. The return 
flow from the north for each year from 1925 to 1936 
was computed on the be.sis of this assumption. 

Inflow from ..Artesian Wells.-The inflow from arte
sian wells was not included because prior to 1936 no 
records were available and in 1936 the records for only 
a portion of the area (central southwest) for the period 
May to December were available. (Pis. 5 and 11.) 

Outftow.-In view of the fact that a considerable 
amount of the flow of the Rio Grande at Del Norte is 

Rio Grande Joint In, .,.m 

diverted from the river to irrigate lands to the , 
m-ost of wbir:h a?e in the "closed'' area., the divers,
by 18 canals and rutehes are oo.nsider~..d as outflo
which, wgethe-r with the outflow of the R:io Gmnde 
La.batos (State line station), constitutes the tot. 
annual outflow. For the irrigation canals and ditches 
only the seasonal outflow (as obtained from the records 
of the water commissioners and from the Stn te engineer's 
reports) are considered; whereas, both the monthly and 
the annual outflow of the Rio Grande near Lobatos are 
included. (Pl. 11.) 

The outflow through the large Rio Grande, Farmers' 
Union, e.nd Son Luis Ynlley cmui.ls includes reservoir 
wn.tcr. Thls is true also of the smaller Midland crurnl 
and Kane and Cal.1en ditch. The reser,oir wn.ter is, of 
course, measured also at points of inflow to the areo. and 
therefore is included in the total annual inflow. 

Ground-Water St.orage.-No account was taken of 
the changes in ground-w11.ter storage in either study as 
no records for the area were o.vaila ble prior to 1936 and 
then for only a portion of the area during pa.rt of the··, 
yeor. It is believed, however, that the net effect· of 
changes in ground-wn.ter storage throughout the yeo.r 
was small because most of the area is drained a.nd the 
tendency would be for the drains to lower the ground 
water to the le'\""el of the drains during the v.inter when 
no irrigation water is being applied. (PL 5.) 

Precipiiation.-Tbe quantity P for the Southwest 
area for th,e years 1925 to 1935 was computed irom, 
Weather Bureau records of the Del Norte and Mam. 
stations and the total area of the tract as determined by 
the 1936 crop su.n-ey by the Bureau of Agricultural 
Engineering. This area in round numbers is 400,000 
:i.c::-es. i?or :he ~G36 srndv on :his tract. ~he 'Ve!'-ther 
Burea~- monthly records ior D~l Norte, iY1an~s;o., and 
Alom?so. for the entire year and the Bureau of Agricul
mral Engineering's records for the Parma, East Henry, 
West, and Asay stations for the period from June to 
November, inclusive (see tables 45 and 46), were 1.1sed, 
together ·with the 1936 sur,·ey acreoge of 400,000 acres 
in computing the contribution to the water supply by 
the precipitation. 

Results for 1925 to 1935.-The results.of the stream
flow depletion and consumptive use studies for the years 
1925 to 1935, determined as explained above, a.re gh·en 
in table 48. Theo.mounts of the inflow to and outflow 
from the tract for each year are given in columns 2 and 
3, a.nd the acreages irrigated in column 5. The stream
flow dep1etion (inflow minus outflow) is given in column 
4 and the stream-flow depletion per a.ere irrigated in 
column 6. The latter values ha,e a range.of from 2.60 
acre-feet per acre in the wet year 1932 to 1.33 acre-feet 
pe.r nore in the ext,remely dry year 1934. The average 
for the entire period is 1.92 acre-feet per acre. 'f1·~ 

last four columns in table 48 gfre the annual pr£ 
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48.-Usa of water in Bureau of Agricultural Engineering aouthwui area;, San Lui11 Valley, Coln., Ju, years 192.5 to 1985 1 

1-R, 
IICffl-feet 

1-11, 
I+P-R, 

I+P-R, l+P-R, 
--:i;- t P,• ~' --A-, 

acre-feet acre-feet lllffll-reet aen-reet 11cn-reet 
per acN> per acre pe: acre 

(1} (31 (4) (5) (6) (7) (8) (9) (10) 

l.84 2211, 000 G87,100 2. 75 l. 72 
1.69 186,000 ~.600 2.37 1.41 
2. 2ll ::59, 000 711J, 300 3. 34 l, 9S 
1. ell 231,00) 625,700 2. 62 l.5G 
2.31 m,ooo 84,1,J()IJ B. 67 2. II 
1. 86 1114, 000 ~.300 2. 7~ l. 47 
1.66 :l®,000 ~92, 200 3.02 I. 48 
2. IIO 1111,000 

::i::::: I 
3. 50 1. 64 

2. 01 2!17, 000 3.57 l. 70 
1.33 1&5.000 419,000 2.19 I.Ob 
2.00 :;J(J,000 7711, 700 3. 48 I.Y5 

J.92 242, oo:i I ,;,J-'. !IOO ~.m I l.66 
I I I 

,w ·-----·--········-·---··········•· ·······-· .... ._ .. ._ .... · l, 114, 300: 7l~ 200 ~. JOO Zill, 000 
1926---·----·-··-·--··-·---········---···--.··· ····----·----- l, l&t, 100 804,000 379, IIOO :139, 000 
11"1---··-···----·"'" ....... ·-- ................. -----·-····-··· l, llt2, llOO 1,107, 1lOO GU, 300 237,000 
1!128. _____________ .. • ... ···-------------------------·-···---- 1, os,, roo m aoo 1194, 100 zi11. ooo 
192!/. ________ --·. -· •. · ----·----------·-··········--------·-··· l, ~. 600 1,003,000 632, 100 230,000 
11130.---···-------··············-·---------------·····-··-·-··· l, 011, 600 6UI, 300 395,300 2.12, 000 
11131. •• ----··-·····----------------------------------------··· 652. !IOO 329,400 azl, 200 Ille, 000 
11132. •• _____ ------. ----· ········-----· •• ······------ --·-··.. ••• l, 1137, 20IJ 1,092, 100 ~. 100 :no, 000 
11133 •. -·····-------------····-----------------·--·-······------ 1)47, 400 662, l!!OO BM, 800 lUl, 000 
1934--------------·····--------·--·----------····--··-········· l530. 200 Zi6, 200 254,000 191,000 
111135 ••.•••••••• _____________ •••. -- • --------- ·- --- • -· ---- •••••• • 1-1=·=:l!i=J=, 400=·1==8(=1=, =1w=· ~11=='=49=·=;('tl=·~11='=2'JC=·=ooo=1-----1---~mi==--

A "er&ge-----·········-· ·· ····------------··· ······· ····- I, 156,700 733,800 422,900 I 21.9,900 i 
1 ..U Indicated by IIW'flllu of Alricultnral Engmeerlng utimate.s of w1low (I), outflow (RJ. al.nlam-f!ow depletlOll (1-R), Irrigated am (A;), total area (A), stream-ft ow depletion 

per acre IJT.lptecl 
1
-;.~· J)NclpitatiOll (P), COllSUlI>Pt!ve use as measured by mf!ow plus pree!pita.tiOll minus outflow (l+P-R), consamptive use per irrigated acre ( J+~~R) , 

ud C011sumpt!"e use per acre for entire area ( !+~-R) , 
• E111.mated rrom Blls.s surrey or 111:12 and tolorado waw ccm:11nlsslo1:1ers' f!pre., for dbtriets 21 and 22 for years 192S to 1934, lncluslve, 
I The a-rer1111e of the aDDwtl precipitation at Del Norte station Blld MatWS,11 station mwtJplied by 400,000, the &cre8ie ot Ule Southw&t arm (Al. 
4 Bureau sUTTeY llirure for 11136 Wll.5 Wild 8.5 water commissiom,rs' llgures for 11135 apparently are too high. 

TABLE 49.-U,e of water in Bureau of Agricultural Engineering South.We81 area, San Luis Valley, Colorado and Rew Me:rico, a.! determined 
from inflow, outflow, and precipitation record.a, 1998 

JanlW)' I February! March 
I 

AJ)l'il l Ma;y 

I 
JUile 

I 
Jul;y I August I Se~· I October I K~· ~-1 Annual 

Item 

Aere-feet 

lll!low: 
Rio Ora.nde at Del Norte ___ ---- .. 9,320 9,970 13,880 6i,330 HJ,200 89,150 39,550 37,570 'Zl, 100 15,130 12,300 11,710 472,300 
P1Dos Creek.--------·-·········-- 1400 I 400 I 4,50 5,200 5, UJD 2,620 1,000 1,880 972 ll81 760 1550 20,St3 
Su Francisco Creeli: ......... _____ I 100 1100 1100 600 80.2 320 l,li W2 217 137 108 IJOO 3,321 
Roclt Creek at Mante Vista ...... l],50 I 2()0 120() 1,335 2,230 iM 467 1,210 453 446 403 1400 8,242 
Cat Creek .• ____ ----·-······------ --·------- ~ .................. - --·------- I JI.JO 1100 ----·----- ________ ..... ---------- ---------- --- .......... --- ---------- -- ..................... 20 
Alamosa Creek below Terni,,e 

Be,en,oir •• --- •• ---·--··-· -· •••• 2,070 l,S60 l,920 JS. 180 24,200 13,630 6, 77() 6,990 ,,630 1,890 l, 71lO 1,840 801 :'iO 
Waza Creek above Capulm .•••• 1150 120() 1250 I t,00 1,380 15,19 1,900 691 523 W) 421 If()() 7,6i4 
C~os B:t'l'er at MO£ote .• _______ 2,100 2,540 3, !l'iO 47,630 87, 00!) 34,300 Ii, 700 13,310 11,870 i,UO 7,MO 4, 13-0 231,4 
Los !Dos Creek at Ort~ ......... l J,200 I ),500 I, 891 :16,320 ,32,430 8, 3i0 2,2i0 2,930 1, llOO 3,300 2, 1lCO I 2, 00-0 1118,031 
San Antonio Ch!ei: at Ortiz._. --- J l!OO • 1,000 I, 180 15, 180 (,OIO l\00 m 1141 182 467 87~ IIIO(/ 2/j,235 
Tri.Debera Creek at mouth ..•.•••• I JOO IHO 16()0 120() 171 H 10 419 61ij l, 180 2,000 11,000 6,343 
Culebni CrM.t at mouth ....•• ---- ---------- _ ...................... .. ___ .__ .. ___ _________ ... 

0 0 10 00 0 0 0 JOG 

00 

R&tu.m !low rrom Dortb • ......... l,570 l, 470 l,580 1, 1130 l,570 l,MO l,l5.70 1,a;o l,630 1,570 l,MO l. 6llO 18, 58lJ 

Totnl. ..... ----------- .......... 17. 960 19,380 25,821 189.005 301,983 !51. 547 '12.926 68.109 48,056 34.891 30, 767 ;i. 510 974. 045 
.- •· .. · • I . .--- _' . • • -~~ =·,=,=·= 

1utrlow: ' Pull: 11nd Green DitclJ ____________ ---------- ·····-----1-----···-· 2IO 310 240' 120 
Bio Grande Canal ............... _ 615 I 6,530 28,190 50,620 29,460 13,640 Midland Canal. __________________ ...................... _ ---------- 405 1,030 ~ ~ 
Rio Orande no. 2 <'anal .......... ....................... ·--------- ... ..................... 224 248 lMO 245 
Xme lllld Ce,llen Ditch.···------ -------··· .. _ ..... .._ _____ ---------- lll!O MS %1 ,n 
Fanners' UnJon Canal .•••••••••• ..................... ---------· 0 6,200 15, 1170 16,050 7,380 
Coohra.n PIOMeT Ditcb ..•. -------

_______ ,.. __ .. _ ... _ ......... _ ... _ 0 U1I 186 UlO 1!16 
McDonald Ditch ••....•• __ ------ 144 716 8ll8 MO 871 
Pra!J!e Dlteb-------------------- ---------- ------·--- ---------- l, 4l!O 5,920 2.roo 424 
Bnbbllfd Ditch ••••... __ • ______ .• __ ...... _ ......... _ ..................... 0 k 4l2 GO 62 
Bniler Dlteb ..................... ........ -- ............... ---------- 32 312 432 420 lM 
FIJb Diteb. -······ ····-···· •••••• ____ ..__ .. _ .... ...................... 0 200 28-& 210 217 
BW!l:lgs Ditch .................... ........................ -- ... -- ...... -~- 0 1142 ], 830 118' ,(74 
Ban Lu.is Valleb C!llllll ___________ ~ 3,380 7,700 3,470 l, 320 
Exoelslor Dlte ·---····--········ 0 000 4,200 3, lHO :1,380 
Costilla DU.ell------·-············ -- ...... -...... ---------~ 0 2,100 4,830 1,800 119 
Independent Ditch _____ -------. -- ---------- ........................... 0 264 MO MO 20 
Chlcaa:o Ditch.--·-·····----····· 0 0 802 1,846 l, 7V6 
Rio Ora.nde at Lobatos _____ ------ 15,380 19,800 16,000 80,420 78, jl)() ll,00) l,000 

Total •••••••. - --·--- ---- -- ------ 15,380 20,415 23, 41Kl 1oe, 263 17~240 13, 1111'1 31,4111 
lltream-flow de~etio1:1 (J-R)_ •••••••• 2,580 -l,035 2,322 82, 1132 )211, i~3 Tl, 8/A) 31,435 
Pteclpltatioo ( '···-······-········ 2,800 7.200 8,000 10,000 12,800 ~400 32,000 
Commnfithte u.se (I+P-.R)_, ________ 11,380 6,165 10, 3i2 92,832 139,M3 102,250 63,435 
lltnlam• ow depletion I*' e-R)' D. 01 -o.~ 0.01 0. 37 O.M 0.3.'S 0.14 IJTipte,d _.., ":ij" •• 
Con.mmpttve me: 

(l+P-, o.m 0.03 0.05 o.u 0. 62 0. 411 0. :18 hr lrripu,d - --:;r.- --
Par &ere (911tire ( l+P- ) • 0.01 0.02 0.03 0.23 0.3.I 0. 25 0.16 -> --:;r- --

124 120 
22,470 18,000 

287 151 
248 272 
fft 848 
34 37 

188 180 
862 1568 
240 176 
26 20 

200 182 
80 26 

2111 67 
461 1,110 
638 621!! 

l,320 l,200 
0 0 

M8 0 
8,870 7,740 

37, !!03 30,835 
30.606 l7,22l 

127, GOO ,52,400 
158,206 69,621 

0.14 O.llll 

0. 71 0.31 

0.39 0.17 

8 0 ----------
12, 780 272 ........................... 

409 ,Sa; ----------
124 0 ... ....................... 

0 0 ----------39: ' -- ................... 
180 30 ----------
248 40 -- ........... _ .. _ 

100 li ----------
0 0 ... ......... __ ... ___ 

124 0 ----------0 0 ... ................. __ 
ai 18 m ..... - ............... 

2, 5e() 002 ___ ... _ ... ___ 
157 187 -----........... 
495 292 

_________ ,.. 
0 0 .. ..................... 
0 0 •-•--m-eD-

13, 8QO 24,680 23, 2i0 

31, 171 X,058 23, 2i0 
3, i20 8. 700 :140 

:13,200 4,400 2,400 
2G, ll20 8,109 2,MO 

0.02 0.02 0 

0.12 0.04 0. 01 

0.07 0. 02 0.01 
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l, 132 
182, 5;; 

3,749 
1,604 
2, fl8.I 

45,714 
1, 
s,m 

10,857 
28-1 

l,892 
l, 01, ..~ 

21, 7 80 
0 

M 
12, 01 
12, l 
l, 604 
5.m 

:lS0,9 50 

11415, 822 ,/ 

200 
378.22'.! 
30i, 
II&, 423 

l. 69 

8. 00 

l. 71 
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tation in acre-feet on the entire area (column 7), the 
consumptive llSe of the entire tract (column 8), the 
consumptive use per irrigated acre (column 9), and the 
consumptive use per &ere of tile entire tract (column 
10). The average consumptive liti pa- acre irrigated 
during the 11-year period is 3.02 ~eet per ure. imd 
the average consumptive use per 8iCt8· (l)f the entm.l i.loot 
is 1.66 a.ere-feet. The range of the latter values is born. 
2.11 acre-feet per a.ere in 1929 to 1.05 acre-feet pe:r acre 
in 1934, one of the dryest years on record. Durinr tbis 
year tbe total supply of water available per acre· was 
not sufficient to produce 11 normal growth in the crops 
or the native vegetation. 

Be8'Uhs for 1936'.-The results of the 1936 use-of
water study of the Bureau of Agricultural Engineering 
southwest area a.re reported in table 49. AB shown in 
the table the annue.1 stream-flow depletion in a.ere-! eet 
per irrigated a.ere is l.69t the annual consumptive use in 
acre-feet per irrigated acre is 3.06, and the annual 
consumptive use in acm-feet per acre of entire area is 
1.71. The average values for these items as determined 
by the study of the sa.me area by the Bureau for the 
11-year period fro:m 1925 to 1935 (tab1e 48), are, 
respectively, 1.92, 3.02. and 1.66 acre-feet per acre. 

Oomparison With Tipton's .E8ti1rfiLtes.-For the 
purpose of comparing the results of the stream-flow 
depletion and consumptive use studies of the Bureau 
of .Agricultural Engineering with those made pre
viously, the data in tables 23 and 24 1 considered here
tofore under the heading "Tipton", were combined in 
table 50. In reviewing the following discussion con
cerning table 50, it is essential to make reference to 
tables 23 and 24 which, for the years 1930 to 1934, 
-vere comouted bv the Bureau of _\g"ncultural Enlri.
~eer...ng ioilow...ng the plan used by fipron £or ilie yea."rs. 
1921 to 1929. 

· The combined area, as shown, is nearly 191,000 
acres. As shown in part A of table 50, the 9-yea.r 
average stream-flow depletion from 1921 to 1929 is 
2.24 acre-feet per i.rrige.ted a.ere. The minimum J .15 
acre-feet in 1924 is less than one-he.If of the mrudmum 
of 3.10 acre-feet in 1929. The average stream-flow 
depletion in a.ere-feet is 428,000 as compared to 422,900 
for the period 1925 to 1935 shown in column 4 of table 
48. 

For the 5 yen.rs, 1930 to 19341 the inflow to and the 
outflow from the Tipton southwest a.reo. have been 
extended on the same plan followed by Tipton for the 
previous yea.rs and the results are summarized in part 
B of table 50, which shows (column 9) that the con
sumption wu smaller for the 5-year period. 1930 to 
1934 than duriJig the earlier 9•year period. · This was 
caused in part by two very dry years, 1931 and 1934. 
The average for the 5-year period wes only three· 
fourths of the earlier 9-yea.r average. The true irrigated 

tion 

aren for 1930 to 1934 would probably hase e;.. ..J 
the constant u.reo. used in the oompute.tions (th,. 
HH,000 acres), because of the general trend towt· 
increue1 but for the fact the.t during the very dry y 
of 1931 and 1934 so.me lands normally irrigated were ... 
irrigated because of the inadequacy of the water supply, 

T.u1~:m 50.-»·ater ccmumplion fo Tipton'a Somhwut area, San 
Lwu Valley, (',0lo., for th£ yearB 19£1 to 1934 1 

PART A I 

Inflow IP l,000 acre,,fl!('I Outflow 1D l,OOOM:Te,.feet Consumption 

Yes:r Soutb· South· Total In J Per 
Conejos 

.... ~, 
Total Conejos .,...est Total 1,000 acre In 

mlDtlS minus -~· acre• 
Conrjo!I CollO.'j<,• !eel red 

{l) (2) (3) (O (S) (6) (7) (8) (9) 

------------
11121. ..•...•••• 366 034 l,2911 15S 713 871 t2ll 2. 24 
ll'IZ! ••••.•.•.•• 440 710 l, 150 200 428 68ll 4f.2 2. 42 
ln:l ...•••••••. m ll3e l, lMI 806 400 iOO 453 2.38 
1112i. •••••••••• 31111 682 Nl 312 -1411 761 ~I l. 15 
l1121l ••••••••••• 318 441 759 1111 Zl2 331 428 2.24 
111111!1 ........... 371! 434 1I06 191 241 432 374 I. 96 
11127 ••••••••••• 4112 770 l,.262 251 481 T.12 530 2. 78 
lil211 .....•.•.•• 280 408 ffl!8 115 2l$ 330 S..'111 1. 88 
111211 ........... •M 661! l.018 207 219 ,ml 6112 3. JO 

---- --
A ~ffl\l~ .•••. 40-I GOO 1,0H 2ll 375 Mil 428 2.2-i 

PART B • 

111:iO. ·••••••••• 316 m al 137 231 ~~ ,., 11131. •••.•••.•. !'I'll 234 413 41 108 149 284 1. 38 
11132 ........... 15,4-0 570 l,~ 312 2118 &!() 630 2. i" 
111133 ••••••••••• 30f 21M) 120 137 2-'i, 337 1. 77 
11134 .•••••••••• 1(2 2M 1147 32 1111 llffl 221 1.16 

.A w:ra,t' ••••• 216 324 Im 128 lM 296 324 p 
' "Wata Cllll3Sllmption" In tb I< tAbl@ I.I the equ lv&Jent of Btre,am•flo..- depl• 

'1'be lrtipted 111""111111 ~d w be co11tt.an1 dun1111 the enilie period 11121 to 1934,. 
Ill equal to the llllll of the lll'MS med b:v Tipton, 75,000 1!Cft'S and 115,l!IIIO lla'e15, or 
l00.81lO!llefts. 

t Bued on Tlpton's lll30 r~pc,rt. 
t Data for tlle Jt!IMI lll30 to 11134, lncluslvP, !Ill noted 111 tllb!M 23 and 24 have bet>n 

com1JGted by the Bureau of Aa:tlculturlll E11ii.11ttT1llt on the basis or Colorado Sta1 e 
i!IIIPIINl''B 'lll'IW!l meuurement records. 

Precise ·comparisons of Tipton's :930 est:im1nes with 
those made herein fQr the Bureau of Agricultural Engi
neering Southwest area are not possible, but fairly close 
comparisons have been made and seem to be reliable. 
As just noted, the area for the Tipton estimates was 
considered constant; whereas, as shown in table 48, 
column 51 the Bureau estimates of area are different 
from year to year and the a.vernge exceeds the Tipton 
area by 28,900 acres. 

The inflow and outflow measurements by Tipton did 
not cover exactly the same conditions as those used by 
t,he Bureau of .Agricultural Engineering, the principal 
difference being that Tipton did not include the in.flow 
from Pinos, Sa.n Francisco, Cat, Trinchera, and Culebra 
Creeks. The average annual contribution by these five 
st.:reaJ:rul for the period 1925 to 1935 was approximately 
26,000 a.cre-f eet. · 

The Rio Grande annual discharge at Del Norte plus 
seepage return a.long the river to Alamosa should equal 
the sum of the diversions to the south, plus diversion"" 
to the north, plus annual discharge of the Rio Gnu 
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Water Utilize· n 

nt Aiamosn (Tipu:m's station for measuring inflow). In 
the Bm·- , analysis the sum of the "diversions to the 
north- , considered outflow, which is equivalent to 
.J M• ,.ing them negative inflow. In combining Tip-

-1pilations (table 50) the La Jara drain is made 
_ . _ar n.s both. outflow a.nJ hi!low, and :hc:rdc:..; 

· :.nc.es. The Conejos at its mouth is included in 
Lobntos outfl.ow. Also, the Rio Gnnde at .Alamosa 
plus diversions to the south in Tipton's inflow balance 
the Bureau's showing of inflow of Rio Grande at Del 
Norte plus retum seepage from the north and the 
diversion to the north considered R.s outflow. 

It is therefore evident that the Bureau's stream-flow 
depletion should exceed the Tipton stream-flow deple
tion. For the comparable period 1925 to 1929 inclusive, 
the Bureau's strenm-flow depletion (J -R) of 460,000 
acre-feet exceeds the Tipton (1-R) of 456,000 acre
feet for the period by an overage of 4,000 ncre-feet. 

Centl'al Southwest Area 

Stream-flow depletion and consumptive use studies 
were mode by the Bureau of Agricultural Engineering 
on the central southwest area during 1936. This is a 
large tract of land for which it is possible to mensure 
the principal factors influencing the use of water. The 
location of the area is shown in figure 78. 

Description.-Tbe central southwest area has for its 
northern boundary the east-west section line which 
'"Aas through the southern part of Alamosa, and for its 

1em boundary Alamosa Creek and the lower end 
Ae Empire eanaL The Rio Grande is the. eastern 

boundary and the Monte Vista canal the western 
boundary. There a.re minor deviations from these 
boundaries as may be observed by reference to figure 78, 
but :n_ 5ener~l "lie boundaries are as d.escribed. 

The western portion of the area is mostly in cultiva
tion, but the eastern portion is largely pasture land and 
native meadowland cut for hay. The area was mapped 
by the Bureau of Agricultural Engineering in 1936, and 
the crop classification as determined by the survey is as 
shown in table 51. The total area mapped was 113,995 

TABLE 51.-Clas:aification of land in Central Sotdhwut area, San 
Lui., Valley, Colo., 19~6 

lmptedland Native veptat!on MIJcellaneollll 

T:,pe A.ins Type Al'NS Type Acres . 
Alfalfa, clover, 111,HO GBIII! ••••• S,MO Temporazlly out of crop- J, 'l1lO 

ew. B~ ••••• 411, 11111 plDl!, 
Gram (b11:,) ..... 19,llllO ~and 42:l Town! ...........•.• _ ..... 12 

~-········ t.ll.'IO bGIQue. Bart !anti, hl11i-.ys, etc .. I, 1:1:l 
Bui:, C:OIJ8 ..... 12,830 Pooled water IIW'faoll ...... m lf'6 crops.._ •• , 6,l!ffl Water mtraces (rivm, 438 
~--· l!80 ~als. etc.). - -- -Total ....•. 61, 12> ........ -................... '11,2'2 ______ ,. ____ ..................................... 3,l!.13 
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acres and the total area irrigated wns 61 1120 acres, but 
for the purpose of the use-of-wnter computations the 
round numbers 114,000 and 61,000 were adopted . 

Stream:ftow.-The principal inflow to the area. comes 
from the Rio Grande, the Empire canal, the Monte 
v·isw. cane.1, iiuck CTeek, Lu Jaru Creek, .Alamosa. 
Creek, and the principal outflow from the Rio Grande 
where it leaves the area. a.hove the mouth of Trinchera 
Creek. Minor flows occur at various points. The 
locations are shown in figure 78 and the na.mes are listed 
in table 52. The principal inflow and outflow stations 
were all equipped with recorders, and the measurements 
were made by the United States Geological Survey in 
cooperation with the Bureau of Agricultural Engi
neering. 'Wbere small flows occurred, staff gages were 
installed which were read daily. The flows were 
measured by current meter or Parshall measuring flume. 

Complete records were obtained for the principal 
stations for the period May to December, inclusiYe, 
but some of the smaller flows had to be estimated for 
May because observations on these stations were not 
started until the last of the month. Observations on 
some of the stations were discontinued November 30. 
The flows for these stations also hn.d to be estimated. 
'Where p~tinl records were available the flow for the 
entire month was estimated on the assumption that the 
flow for the previous part of the month was at the 
same rate as that for the period for which records were 
obtained. When no record was available the flow was 
estimated on the basis of the trend of the flow of streams 
for which the mont.b.ly discharges were known. The 
December records were estimated by assuming that 
the rate of flow on the last day of November continued 
throughout December. It is believed that this assump
t.ion is not fai; in error because the .stream flow during 
t.he 'Winter'is quite uniform. · · · -

Seepage return from the east.-There is some seepage 
return to the Rio Grande from the east between the 
Alamosa and the mouth of Trinchera Creek, but no 
way was devised for determining its a.mount. It is 
believed that most of the seepage return to the river 
comes from the west because the water table is high 
throughout the area along the west side of the river. 
This return flow is measured as outflow in the river 
above the mouth of Trinchera Creek. 

.Artesian ftow.-Tbe artesian flow in the central 
southwest area was measured by the Ground Water 
Division of the Geological Survey. In the area be
tween the Monte Vista. canal and the Empire canal 
(Bowen-Carmel area) the flow of every well was 
measured or estimated. In the remaining area the 
wells on every other section were measured and the 
total artesian flow wa.s taken a.s twice the a.mount 
measured. Ea.ch well was measured once during the 
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· TABLE 52.-Use of water in Cemral-ioulhU>e$l area, San Luis Valley, Ci,lo., a& detomimd from inftore,. i,ai,jlJDu.•, "lfR'W,'1J'ilal.ion, and, 
wuier-t1:arage reer,,th, J !}36 

ldow 
Rio Grande at Al&mamL. •• •• •• • • ••• . . ••• • • . • • • •••••••••• 5,000 :2, 870 
Rock Creek............................................... 2,4W 1,2!'0 
Old Bock Cl'tlelt.......................................... 0 2.'i 
Empire C&Dal............................................ 11, WO 11,500 
West Side Ditch_........................................ l )10 62 
Mmi:te Vista CanaL....................................... :,800 4,3tlll 

~=~~J~1~~:::::::::::::::::::::::::::::::::::::: ii: : 
Alamosa River............................................ a,::,so 3,080 
No. 6 Ditch............................................... '280 606 

~ ir:!~":5:~::::::::::::::::::::::::::::::::::::::: ~r,g l,~ 
Crowther Ditch............ . . . . . . . . . . . . . .. . . ... . ..•....... ' aoo ll~ 

2,630 3,260 l, f70 l,600 
07 1,050 ,:w l,2i0 
0 12 (J u 

130 2,MO ], 700 1,16!1 
19 31! 7 l 

1146 :2,400 1,55-0 ii,'!;! 
rn l l 0 • 3-1 n 0 

35,4 Cl60 2M ~ 
282 00 64l 14 
15 !ill M lM 

337 1,438 1,340 2,327 
32 15 0 0 

IO, 86/l 12, 160 39,SIO 
l,OOU l 850- 11,731 

u 0 3, 
~ 0 ~1131J 

0 0 zn 
9li u 1,.m 
0 0 1~7 
0 0 3211 

189 llil(l H,522 
2 0 1,3-il, 

87 0 1,430 
2_2j)t; 11,SGO 13,737 

0 0 400 
La Jam dnun............................................. 1 b60 470 
Artesian -.reJJi............................................. 1,li90 1,830 

187 400 515 609 
1,ffll(J 1, l!OO J,!130 1,600 

585 IMQ 3,ljS2 
l,630 l,600 13,:WO 

1----1----1----r----1----1-----1----11----1----
TotaL. ..•.•••••••••••.•.. ..... .. • ..• ..••••••••• •••• •. .. 43,200 25,038 6,712 13,fill@ 9,395 9,587 

1====1====!====r=~-1====l====l====l·===I=== 
16,947 17,200 l4l, ;;; 

Outflow: 
Bowen drain.............................................. 34-0 281 
North dlversiom.......................................... 11,100 318 
Union Ditch............................................... ' 1,2!0 G. 72 
AffoYO Ditch_............................................ 924 378 

i~c~~~'.~:::::::::::::::::::::::::::::::::::::::: : 1, :!~ 
Rio Onmde above Trlnchtta Creek....................... 12,630 3,670 

36 llS 171 253 
3.5 a1; )33 0 

187 124 lSI 81 
IM 78 12 0 
SU 00 0 0 

I, 7118 008 0 0 
313 t,';!»O 4,330 6,870 

2.51 1300 l, ,00 
J 0 l,IIOI 

lM 0 2. 453 
0 0 1,546 
0 0 J,3(14 
0 0 5, lH 

15, 4SO H,870 62, ~13 
1----1----1----1-----1----1----·l----1----l-·---

Total.. •.•...••••••••... •.•... .• •• •.••••••• ...•••••••.•. l7, 610 7,005 

s~;J~ctt:-~:~~~:5::::::::::::::::::::::::::::::: . -15! :ii* 
COllllllDptive ll.'!e [l+P-R+(G,-G.)J........................ 2G, iW 34,533 

Stmam-flow depli!t!on per irripted a.ere (1~1?) •-. .......... o. 42 o. 29 
CollSlllllpt!ve use: . 

[
l+P-R+(G,-0,) 1 Fer Irrigated acre, A 

1 
•••••••••••••••••• 

[
l+P-R+(O.- ·>] I Per JI.Cf1! (enUre area), A •••••••••••. 

0.44 

0.23 

0.5, 

0.30 

2,606 6,151 
4,107 7,M; 
8,800 36, 3,0 

ll,800 -5, 640 
24, 7117 38, r,; 

0.00 0.12 

0.41 0.63 

0. 22 ll.H 

4, 7-47 i~~ 15,700 15, liO 7ti,Sl2 
4,M!! 2,383 l,lY, · 2,030 04.~ 

15,~0 7,300 l, 140 110 ll0,,20 
3,250 -2,900 2,500 I 3, 1130 20,010 

23,518 6, ,!SJ 4,8~7 G, 070 lot.,665 

0.08 o.~ 0.02 o.m 1.00 

0. 38 11.11 0.08 0.10 2. ill 

0. 21 0.06 0. O,I 0.05 1.45 

1 Estimated on the basis of the flow of similar C&llllls or streams for 11·hlcb reoords were available. 
I Bue<I on Weal.her Burau prulpitation .rtt<Jrds at Alam""" 813d Man-.. Imm Msy 10 ~mber rombiDPd .,..Ith Bul?nll or A(rricu)luml Enrine<>ring r.,,,,rds Bl Par 

Wm, AIRIY, BDd East Hem; statlons l'.roln June w November. Total area or tract~. lH,000 acres. 
I EJtl?IUited from p&rtlal moDUJ 'S ffl:lO?d. 
• In1p.ted -, 61,000 81:J'e!i, mmi 1936 crop surrey. 
• Entire e.na 11',000 sens, ttom 1936 crop lllllT@:f, 

yell.T. Some of the wells are shut off during the winter 
or at least partly closed, for the purpose of conserving 
:he m;esin.n )re!:sure. Pl. : 2. \ 

Ground.water storage.-Monthly readings were taken 
by the Geological Surrey on the ground-water le,el :in 
observation wells throughout the area during the period 
May to December. The readings were not all taken 
on the :first of each month, and in order to make the 
readings comparable the readings for the first of each 
month were determined by interpolation. The obser
vation wells in the Bowen-Carmel area. were more 
closely spaced than in the remaining portion of the 
central southwest area, and in computing the changes 
in ground-water storage the weighted averages of the 
changes for the two portions of the a.rea were used. 
The specific yield of the soil was taken as 15 percent of 
the volume. The product of the change in ground
water level in foot and the area. in acres multiplied by 
0.15, the assumed specific yield, gave the change in 
ground-water st.orage in a.cre-f eet. . 

Precipitation.-The quantity P was obtained by mul
tiplying the average monthly precipitation in feet by 
114,000 acres, the entire area of the tract. The monthly 

precipitation was based on the Weather Burenu records 
at Alamosa. o.nd M:nnassn, and the Bureau of Agrirul
mrar Enginc~ring .record~ 1t ?ar;nc., West, ~.\sny, and 
Enst Henry stations. The W eu~her Bureau records 
were. available for the entire period May to December, 
inclusive, but the Bureau of Agricultural Engineering 
records covered onJy the period June to November, 
inclusive. 

Results.-The results of the 1936 use-of-water study 
of the central southwest aren are set forth in table 52, 
which is similar to table 49, except that it includes 
artesian inflow and change in ground-water storage, 
and that it is for the 8-month period from Moy to 
December, inclusive, instead of for the year. The 
table shows that for the 8-month period the stream

.flow depletion is 1.06 acre-feet per acre, the consumptive 
use is 2.72 acre-feet per acre of irrigated area, and 1.45 
acre-feet per acre of entire area. 

Bowen.Carmel Area 

The Bowen-Carmel area was chosen for o.n intensive 
use-of-water study during 1936 for the purpose of 
extending the results obtained by Tipton and Hr' 
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Water Utilization 

engineers tor tlie Sta.-oo of Colorado, when making a 
"llJll.ilar study on approximately the same area. during 

e years 1930, 1931 and 1932. The Bowen-C!H"?lle1 
:ea is wholly within the central southwt.st area. and its 

t.,,•-1;idaries a.re shown in figure iB and PL 11. 
Description.-·The Bowen-Carmel. area has for its 

northern a.Dd western boundaries the boundaries of the 
central southwest area, but for its ea.stern boundary it 
has the Empire ct.lJ:l8.1, and for its southern boundary 
the approximate line of BCpe.ration between the Carmel 
and Morgan drainage districts. In order to simplily 
the water measuring problem several small tracts were 
included which were outside of the .boundaries of the 
area as just given. 

A larger proportion of the Bowen-Carmel area is in 
cultivation than either the Southwest or Central South
west areas. The principal crops a.re potatoes, alfalfa, 
grain, field pea.s, and sweetclover. The distribution of 
the crops by area, as determined by the 1936 crop survey 
is given in table 53. The total area of the tract was 
19,988 acres and the total area irrigated in 1936 was 
18,999 acres. In making the use-of.water computa• 
tions, 20,000 acres was used for the total area and 14,000 
acres for the imgated area. 

The Bowen-Carmel area is dra.ine,d by an extensive 
system of open ditches and tile drains which keep the 
ground-water level within safe limits over most of the 
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area.. Duiuig periods of drought, water is pumped 
from the drains and applied to the land. Checks are 
sometimes placed in the drains to raise the ground
water level in the summer. 

TABLE 53.-Claasiµation of land it1 Bowen-Ca.rmel area, San 
L1&i1 'Valley, Colo., 1936 (Pl. 11) 

lmpi.dJaDd Native vacetatlon I Mlloel.lalleous 

Type J.c:ru Typa .4.crff Type !~ 
Alfalla, Glov111, 6,dl Ol'IIU ••••• 1,200 Temporar:Jy Oi.11 of crop· 73ti 

eie. ai1:fmd. hl1b,..ays, etc .. ~~~~:::: '°1 Brush ••... 3, 76.8 100 
D Trees IDd :JI) Water surfaces (auialsa.nd 75 

Eerl:v erops •••• _ ~IUO lxl$Qua. dra!m). 
l.Alte crops ••••••• 2, ll30 
Mllc!ellai:leow: ••• e -- -- --

Tot&! •••••• 13.11119 ..... ,..,. ............. 4,988 . . --..... ~~-- ----- ~ ------ ---_,.._ 1,001 . 
Non.-Tol.al ~ of ·lnci 19,1188 aeres. or in ro1md numbers 20,000 aere,s. 

There a.re some alkali areas but alkali is not as 
prevalent as in other portions of the Valley. 

Stream.:ftow measurements and estimates.-The inflow 
a.nd outflow measurements on the Bowen.Carmel area 
were started the la.st week in May and were continued 
through November. The list of the stations at which 
mea.surements were ma.de is given in table 54. The 
locations of the stations a.re shown in figure 78. The 
principal in1iow to the area is the Monte Vista canal and 
the principal outflows are the Bowen drain, the Carmel 

,BLlt 54.-U,e of water in Bowen-Carmel area, San Lui, Valley, Colo.," ~termined frOffl inflow, oulftow, precipitation a.rid ground-watn-
1torage record,, 1986 

Item 
JUM · 1 Jut;v · I AUIU!t I September I October I November I DIIOllmber I PIIZ'iod 

fallow: 
Wast Side Ditch.......................................... 1 no 38 227 
Monte Vista Canal. •.••...••. ."........................... 7,800 2,.00 17, 7Z! 

62 19 7 I 0 D 
4,380 llf6 1,550 S38 Q6 0 

F.r~ogog!~f~::::::::::::::::::::::::::::::::::::::: : l:l J ~ 
Monta Vista Canal ~au,r ___________ ·--------------·· 1 Jll , ti! 

38 I~ 
86 4 

l 0 0 0 
75 0 0 0 

16 0 lll 0 2 0 
Sca.udlllavl&D Ditch....................................... 1 I., llJQ 11 1, Q 
~wells--······--·····-·---·-·················...... HO ljl) l, 108 

90 3 
11111 140 

9 3 0 0 
lll5 HO Jae 14.0 

1----1----t---·1----1----1----1----1----1----
Tolal ••••••••••••• ···-······---·-···-·-·--· ••••••••••••• II, 512 2, 1128 30,897 

l=====~====l==-==:l=====a\=====11===1•===1==~=1==~ 
~778 1, 1.33 l, '1'00 a82 23& 140 

Ot!tllow: 
Bowei:i drain.............................................. • :NG ne 1, 'lll6 
Nortll dhl'm.lom.......................................... 11,100 317 1,904 

1181 • u m B 251 t llOO 
a111 l3ll 0 l 0 

Mont& Vista Canal wast&................................. 1413 176 1,%17 

~~~~·:::::::::::::::::::::::::::::::::::::::::: I~ .A: 3,~ 

133 0 
117 112 

llll!lll 111(1 41 ll 

"1 uo 
13 18 18 113 m G8l 1122 J 600 

Section 25 wa.ste ...................... ·-··················· 1 M O 35 0 0 0 0 D D 
Osear KlDa: waste......................................... 0 0 O 0 0 0 0 0 0 

TolaL .................................... ---··- ....... _1---,2,-.,,-11-----1----1----IIII0-,1----1----i---·l----l---... -ggs 

=-~-:ZI~~~.~-:-:~!:::::::::::::::::::::::::::::::::: ':U ~= n:r: 
1,210 m 

910 
1191 1,037 833 Sl& ... 

1,140 1,MO 
ffl -1166 -m -1175 

:Z,740 1,lllO DI Zl 
011JWld•W8tlllr storap (0,-0.)_., _ _........................... -1, 74,D -570 4. 770 
Cclllqmp&hl'lllllll [l+P-R+(G,-Ci,)l. ····················-·- II, na 7,448 lllO, 832 

2,MO 1,030 
IS, 7411 1,100 

HI -180 l!OO 1,al 
4,0'lli 776 203 a& 

Stnllm-jlow dfpletloo per lmptad 1m1 (1_::;;R) '-··-···-···· 0.47 0.12 O. IM 0.25 O.CG o.oe -0.llll -0.04 -0.Dli 

Cansumptlveme: 
Pertrrlptad _.. [r+P-R.tG,-G•n ................ . 

[
l+P-.IH(G,-cf!l]' 

Per-e(eDtln.-l A ---·-···-···· 

,48 .1119 

,1116 . z 

, 153 

,117 

.:I& .OG .01 .03 

• 21) .04 .01 .Q.'.I 
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drain, and the diversion to the north. The stations on 
these streams were equipped. with recorders, except 
those on the divenionB to the 1ll0Jth. &a.ff' gages were 
used on these diversions and the, smaJJ. imlows and 
outflows. These gages were read daily. All ~
men ts of fioWI were made with a. current meter~ ncept 
several of the diversions to the north which were 
equipped with Parshall flumes. 

The Monte Vista canal is built on a fiat grade where 
it discharges into the Alamosa Creek, and when the 
strea.m is hlgh the water sometimes backs up the canal 
in to the area. A record of the flow was kept and is 
designated as Monte Vista canal backwater in table 54. 
The diversions to the north are diversions from the 
Monte Vista canal which cross the north boundary of 
the area and irrigate la.nd outside it. The Sca.ndi· 
navian ditch diverts water from the Alamosa. Creek 
and crosses the Monte Vista canal into the Bowen
Carmel area. The amount brought into the area is 
small because the right of the Scandinavian ditch to 
divert water is junior to most of the a.ppropriations on 
the river, and consequently it is dry most of the season. 

In view of the fact that the measurements of the 
inflow to and outflow from the Bowen.Carmel area 
were not started until the le.tter pa.rt of May and were 
not continued after the la.st of November, it was 
necessary to estimate the flow in May prior to the time 
the observations were started &Dd in December after 
the observations were discontinued. These estimates 
were ms.de in the same m8.11Der as those for the central 
southwest area.. 

.Artesian flow.-A complete inventory of all the 
artesian wells in the Bowen-Ca.nnel area was ma.de by 

. the Ground W"ater Division of the Geological Survey. 
··}'be .::.!ow+5I aac.n ·~ell iV...S measur~d vf cStilllateci, .md 
if the well was either wholly or partly closed during the 
winter the estimate of the flow was reduced accordingly. 
Although the flow of the wells during the winter months 
was less than in summer, the use-of-water study wes 
made on the assumption that the artesie.n flow was at 
a uniform rate throughout the year. However, the 
monthly flow was made to conform to the number of 
days in the month. (Pl. 11.) 

0rO'Und"'1JX1.Jer ,torage.-Ground-water level records 
were kept by the Ground Water Division of the Geo,. 
logical Survey on 30 observation wells within the Area 
during the period from May 15 to December 15. The 
observations were taken twice monthly, and as near 
to the first and the fifteenth of the month as possible. 
The readings were transferred to the desired dates by 
interpolation. The changes in ground-water storage 
were computed on a monthly basis from the mean 
change in level of all the wells during the period. The 
specific yield of the soil in the Bowen-Carmel area. was 
assumed to be 0.15-the same as for ell the other areas 

·tigati1.,. 

on which use-of-water studies were 'mruh the 
reason that sufficient specific yield determinat.i: .. , rrc 
not made to warrant using different values f«r r:h 
area. The monthly change in ground-water ;e 
.in acre-feet was obtained by multiplying the i:... • ~ of 
the tract by the change in ground~water level a.nd by 
the specific yield. 

Preeipitation.-The contribution of the precipitation 
w the water supply of the Bowen-Carmel area was 
computed in the same manner as for the Central South
west area, and was based on the precipitation records 
from the same station, but the acreage used was that 
of the Bowen-Carmel area. 

Ruult,.-The results of the 1936 study of the use of 
water on the Bowen-Carmel area for the period May 
to December, inclusive, are given in table 54. Th.is 
table is similar to table 52 for the central southwest 
area. As shown in table 54, the stream-flow depletion 
for the period in acre-feet per irrigated a.ere is 0.85, 
the consumptive use in acre-feet per irrigated acre is 
2.20, and the consumptive use in acre-feet per acre of 
en tire area is l. 54. 

Summary of Results ef Large-Area Studies 

The results of Bureau of Agricultural Engineering 
consumptive-use-of-water studies and the estimates of 
stream-flow depletion by different engineers a.re sum
marized briefly as follows: 

B'Uf'eau of Agricuitural Engi:neering res'Ults jor . 
The results of the 1936 studies on the southwest, l-~ •• al 
southwest, and Bowen-Carmel areas are given in 
table 55. 

T.lBL:E 55.-fiummary Jf ~uu.lts of :996 '.J.8e-•Jf-water 1tudies J!f 
-Bureau af Agncuiturai 3ngineiTinf on Jou:tiwest area, C'entrai 
Sou.t.hwe,t area, and Bowen,.Carme area 

Btnlam•IIOW COllSlllllptive Comumpthe 
Ni.meorarea =l.iooi;ie: uset.J: Im• use per acre 

t,eda,cn p M::e,111 eul.ire area,in 
In IIOll'8-leet -.ree, aae-teet 

Southwest (B. A. E.) •••••••• _ •••••••••• I 1, 1111 LOIS 1. 71 
Centnl IIOUthWest •• ---••••••••••••• •••• 11,00 3. 7ll 1,4: 

Bowen-Carmel •• ··---·············-···· I .M 2.:IO 1.64 

Stream-flow thpletion ruults.-For convenience in 
making comparisons, the results of strea.m~ftow depletion 
per irrigated area in summary form for the period 1915 
to 1936 on various areas in San Luis Valley by different 
engineers are presented in table 56. 

The results of investigations on the Conejos Basin 
and the southwest area minus Conejos Ba.sin appes.1 
in columns 2 and 3 of table 56. Column 4 is a com
bination of the results in columns 2 and 3, and tlv 1 ~"ld 
represented is designated e.s Tipton's southwE n 
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1 
since the figures are bMed on Tipton studies. The 
land represented by the Bureau of Agricultural En· 
. -: ~<.!ering southwest area. ~;; shown in column 5 is 
,;,.!bstantially the s.a.ru.e &s in column -!, although in 
column 5 thf} a.verage irrip.ted uea exceeds the area 
of column 4 by 29,000 IICl'eS. 

'The de.ta of dumns 2 and 8 a.re nearly oompa.re.ble. 
Yeo a.nd Blirok, New Mexico engineers, designated the 
Conejos area as 76,000 acres, which is 1,000 acres greater 
than the irrigated area found by Tipton, a Colorado 
engineer; but the dat.a agree quite closely. 

As noted in the title of table 56, the amounts 
given represent stream-flow depletion per a.ere irrigated 

( 1 A~} Probably there is greater variability in the 

different estimates of irrigated area (A1) than in the 
stre.e.m-fiow depletion (I-R). 

The averages of columns 41 5 and 1, based on 14, 12 
a.nd 14 yea.rs respectively, are all substantialJy the sa.mej 
that is, a.ppro:rima.tely two acre-feet per irrigated acre. 
This seems noteworthy in view o! the fact that these 
averages represent time periods and areas which a.re 
not strictly identical. 
T4BLE 56.-C'mnparuon of the ruulu of atream-ftow-depldion 

1tiidiu on dijferenJ 41'6<&& in San Lui.a Ycllay, tJolo. (at:re-fed 
p«r acre of irrigat«l area). 

South· South· South· Entire Cone- wl!Si west wmt Bowen• Water Water 8&.n 
Yesr la! mhiua - lttd Ca.rmal diltrfa district Lui5 &siu Co11e- (Tlp. (B.A. - DO. 20 DO, Z:I V.Jley jos ton) E.) 

(l) (2) (3) (i) (5) (6) (7) (8) (11) 

------------
191$ •••••••...• ··-····· -······· -·-····· -······· •••••••• l.98 ··-···-· 2.20 
lVlC •••••• -- ••••••••••••••••••••••••••••••••••• ···-···· 2.43 .••••••• 2.82 
1117. _____ • ____ ---····· ---····· ---····· ....... _ -------- J.98 --···--- 2.27 
1918 .......... •••••••• ····-·-· ······-- ····-·-- ·•••••·• l. 82 ····--·· 2. 00 
1919, •• _______ "·······"'·--···-- ----···· ·······• ......... :.'Xl ------·-·· ].05 

J?L .... -----····.:. ,s· ---,.;1··---~.:4·· _____ :· .. ---······· L.lt ·-··2:1.' u: 
1922 ____ •.••••• 2.4-0 2.44 2.42 --······ ·······- 2.43 2.48 2.M 
1921........... 2.811 2.04 2.38 •••.•.•• •.•••..• 1,W 2.W ll.40 

. 11124. •••• _..... l. l!I I.OS 1.15 --······ -······· I.83 2. H .••••••• 
1112:1 ••••••• --·- 2.112 1.81 2.24 1.84 ····-··· 2.10 ll.ljlfj ····--·· 
11121!........... 2.42 l.1$7 l.118 1-511 •••••••• J,111 2.47 ••••••.• 
um .. -·····-- a. 20 2.50 2. rs 2. 2:; ·······- 2.111 a.11 ··--···· 
ll11211 ••••• _..... 2.20 1.67 1.88 l.&:i •••••••• 2.07 2.211 •••••••• 
111211 .......... _ 3.22 2.16 3.10 2 31 -·····-· ···-···· ··--···· ··•••••• 
lll30_ ••••••• -.. 2.37 .80 1.0 1.86 I.IS ·····-•• ••••••••.••••••• 
11131 •••• __ • ___ • 1.84 1.08 1.88 1.115 1.2& •••••••• ··-····· •••••••• 
111:llL •••• ----· 3.04 2.!ll 2.78 2.00 us ···-···· ···-···· ··---··· 1933........... 2.45 1.32 I. 77 2.01 ••••.•.••••• -•••••••••..•••••.•• 
11134........... 1.47 ,Q,S 1.16 1.33 ••.••••• ···-···· ······-- ••••.•.• 
1936 •••••..•••••••.••.• ···----- ·••••••• 2. 00 ······-- •••••••• ····-··· ·---···· 
llJIMI ••••• _. ___ •••••••••••. -•••• -······· 1.1!1 11,27 •••••••••••••.•• •••••••• '---~--~...___~--~-~-~ Awna;e..... :us I. '11 2.65 UO l, 38 2. 01 2.11!1 2. 3111 
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flurpose of determining evapo--tra.nspiro tion of whcn.t 
and potatoes grown in tanks; viz, the Wright station 
in the cJosed s.rea and the West station in the live areu. . 

lVri;;f..t ,tation.-'T'hi.s .;;t...tion was located in adjoining 
wheat a.nd pot.a.to fields on the Lyman Wright fa.rm 
several miles north of Monte Vista (section 12, R. 7 E., 
T. 39 N.) in the subirrigated section of the closed area. 
The soil consisted of a 10-inch layer of sandy loam 
w:i.derla.in with a coarse gravelly subsoil which was 
typicaJ of the subirrigaied section of the Valley. 
(PL U). 

Four tanks were installed at the station, two in the 
wheat field and two in the potato fie]d. These tanks 
were 4 feet in diameter and 3 feet deep, and were made 
of 18-gage galvanized meta!. All tanks were tested 
for leaks before being filled· with soil. Other equip
ment consisted of two ground-water observation wells 
and a sta.ndard 8-inch Weather Bureau rain gage. 

Each &-inch layer of soil was placed in 11, separate 
pile alongwde the trench as it was being excavated 
for the tanks. A 2-inch layer of gravel was placed 
m the bottom of each tank, and two wire screen 
cylinders, 2 inches in diameter, were placed parallel 
a.nd horizontal on the gravel a.nd connected to two 
vertical wells 3 feet high and 2 inches in diameter. 
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Another layer of gravel (6 inches) wu added and t.ben 
the 6-mch la.yers of soil WS9:mp}sced .in their .re1,pective 
order until the ooil wu: within 2 w.cbes of the top of 
the tanks. 

The seed in the adjacent wheat field ha.d been 
drilled on April 1, 19361 a.nd pla.nte were transpla.nted 
from the field to the two soil ta.nks on June 1 in such 
manner as to be representative of natural field 
conditions. 

The potatoes in the field and in the soil tan.ks were 
planted June 1. Those in the t&nb were planted in 
rows at 10.ineh intervals, with four plants to ea.ch 
tank. The crops in fields completely surrounded the 
growth in the tanks so that the exposure we.a normal. 

The Wright station was visited at leut twice a week 
until October; thereafter only weekly. Records were 
kept of depth to water table and amount of water added 
to or eubtre.cted from each tank, depth to water table 
in the field outside the tank, a.nd precipitation. 

The water table in ee.ch tank was maintained at ap
proximately the depths recommended by fe.rmers using 
subi.rriga.tion in the adjacent farms, by adding water 
t'Wi.ce a. week th.rough the observation wells. The water 
tables fluctuated between 20 and 30 inches below the 
ground surface. For most of the period they were kept 
at the 22.inch level for the wheat tanks and the 18-inch 
level for the potato tanks. 

On the first of ea.ch month the we.ter table in the 
tanks was brought to a defutlte "zero" point near the 
ground surface for the purpose of eliminating differences 
in soil moisture in monthly eonsumptive--use measure
ments. After the water table had stabilized, water 
""'18.S !)Umped out of tank until the wa.ter table had 
··fo:ipp~d r.o t.he iesired :eve!. ..ill water 3.dde'd: w ~r 
withdrawn from each tank was measured. (Seep. 348.) 
The tanks were a1sci celibra ted by adding a given 
a.mount of water at one-hour intervals and measuring 
the rise in water table. 

The wheat was harvested September 1 and the pota
toes September 15. The tanks were then used t.o de
termine evaporation from be.re soil with water tables 
maintained at depths of If>, 18, a.nd 19 inches. 

The monthly uses of water by wheat and potatoes in 
ta.nks a.re shoWD in table 57. Evaporation from bare 
soil is shown in table 58. 

Wut ,tation.-Thls station was located a.bout 8 
miles southwest of .Alamosa (section 1, R8E1 T36N) 
in the Bowen-Carmel area, which is part of the so-

, called live area of San Luis Valley. Surface irrigation 
is practised in thie section. The flooding method is 
used for wheat md the fmrow method for potatoes: 
The 1936 climatic and soil conditions were :represen
tative of the area. The soil is gravelly but has about 
10 inches of fertile top soil. Water was supplied from 
a nearby irrigation ditch and an a.rtesian well. 

R'i.o Graooe Joint , ·1/ion 

CDJ:1.11Umpt1v1 mii or water I.Ii 14:ft,omchm 
Tl.uk 
Dlllll-

ber Crop 

l Wheat 1 __ ····-·-·· 
2 Do.'····--·--·· a Potawlls I_ •••••••• 

' Do.•-----··--·· 

J Crop barvllted Pept. I. 
• Crop harvested Sept. 15, 
r &pt, l i:o Sept. 16. 

JWMt. 

3.41 
3.67 
• 70 

l. 74 

(lnc!M!a) 

lul;y .Aa,ust September Total 

&Gt U6 ......................... _ 14. 10 
6.70 1.M H.01 
l.ll'J 11.1!6 • 1.,i 15. 73 
tl.43 6.2:> • 1.00 16. 02 

T .t..JU:,lll 58.-&aporation from bore aoil in tanka: at Wright station, 
San Lui, Valley, Colo., 19S8 

Evapon,t.1011 from hare l!Oil, ID IDcbes 

Period TsD.k 110.1 Tank ll,O. 2 '1'&llk DO. 4 
{depth to (deptll w (depth to 
water 18 WIier 16 ,ra.ter 19 
inches) Inches) lnehes) 

~\
1toi~~L-.-::::::::::::::::::::: 2.97 a.111 0.84 

.88 .88 .5.5 
Sept. lHo Oct. l:l.--··------···----·-·· 3.!15 4.07 1.39 
.A'l'ftale raw pe: 30 days ......... -•. ·-·· U!I 4.U l.63 

The station was equipped with two double.type 
ta.n.ks with an annular space of 1% inches between the 
inner and outer shells. The inner tank, which held the 
soil, was appro:rima.tely 23Ha inches in diameter l.lld 6 
feet deep, with a removable bottom. The outer ta.n.k 
was a reservoir for we.ter which passed into tJ- :1 
th.rough. the inner shell perloratioru; (3) (4). A 
a.rd Weather Bureau evaporation pan, a.n 8-inch xa.in 
gage, a.n anemometer and two ground~wii.ter observation 
wells were also imtalled at the station. 

The soil tanks were filled bv the same methods used 
"it the-Wright station. One.~ ¥as jla.ced .:.n .i.'i\·neat 
field a.nd the other in a potato field, and they were· 
completely surrounded by the crops. The wheat, 
which had been pla.nted in the field April 3t 1936, was 
transplanted in one tank on June 1. The plants were 
8 inches high WJ.d the shock resulting from trrmsplant
ing retarded their growth so that throughout the season 
they never were as luge e.s the plants in the adjoining 
field. The other tank was pla.nted to potatoes, with 
two plants to the tank, on June 1, 1936. 

The station was visited at least twice a week and 
obse:rva.tiom. were made on precipitation, wind move· 
ment, evaporation, depths to gTOund-water in the 
tanks a.nd in the fields. Sufficient water was added 
to the tanks to maintain their water levels at approxi
mately the same elevations as the water tabie in the 
adjoining fields. These varied from 24 to 53 inches 
below surface in the pots.to tank and 20 to 54 inches 
in the wheat tank. 

On the first of each month. the we.ter table in the tanks 
was brought t.o a definite zero point near the ' 
(p. 348) for the purpose of determining the m, / 
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con.,:;n,::ptive use of water. All water added to or 
withdril.wn from each tank was measured. Both 

u.kE were calibrated with water table at various 
ptbs. 
The wheat was harvested on August 10 and the 

pow: .. oes on October 11 and the crops were weighed. 
The tanks were then used until October 12 to determine 
evaporation from ba.re soil with the water table depths 
maintained at 18 inches in one tank and 30 inches in 
the other. 

The monthly use of water for wheat and potato 
taDks is shown in table 59 and evaporation from ha.re 
soil in table 60. The weekly a.n.d monthly evaporation 
from water surface, wind movement and precipitation 
are given in table 61. 

Tulle 
DIIIII• 

Iler 

l 
2 

Comumptin me or -ter in a.cre-lncbm 
per aen (lncbes) 

Crop 

June 

Wbalt 1 ••••••••••• 3.38 
Potlltoe!I •••••••••• .82 

1 Crop lmvest.d Aug. 10. 
t A.ua;. 1 to Aug. 10. 

July AllCUSt September Total 

6.19 10.7'1 l0.34 
6.4-t 9.113 a.oo 19. 81l 

• Crop banmed Oct. 1. 

T..uLJ: 60.-.&,apora.tion from bare sm.1 in fanh at we.!f station, 
San Luu Valley, Colo., 1936 

Pl'rlcd 

Evaporation from ha.re 
aou, In lncbi!S 

T-.nk JJO. 1 Tank no. 2 
(depth to (depth to 

water level water level 
1B inches) ilO lnehes) 

l. o61 .. ······-·-··· ·::r ---··---.. i~is 
6.82 ............. . 

Tank Ezperiments--Native Vea:etatlon and Evaporation 

In order to obtain some measure of the quantity of 
water used by native plants growing in moist areas of 
Sa.n Luis Valley during 1936, an evapo-tra.nspira.tion 
station was established at Pa.rma and an evaporation 
station at San Luis Lakes. (Pl. 11.) 

Parma station.-This station was located 6 miles 
east of Monte Vista (section 1, R8Et T38N) in a 
swamp of tules and native grasses just south of Rio 
Grande. A small plot in. which to place the equipment 
was fenced with woven wire to protect the station from 
animals. The soil wu heavy and somewhat impervious 
to the depth of 6 feet, and was mixed with vegetative 
matter. The Centennial canal, a.bout 150 feet south · 
of the station, appeared to supply water to the swamp 
• ,qeepage. A good supply of water for the station 
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Wind movement i.D-

EJ:E°~- ,-------, ~l::· 
lnchu MUes Mf:rr lnch9 

Wtllllkmdma-
June22...................... :te6 ---·-······- --····--·--- 0.03 
JWM129...................... :Z.31 ••• · --····· ·····---···· .,:i 

Month. ];c. · .•..••.••.•••. 1==, a=;. 10""""1·.= .. = .. = .. = .. =.= __ 'i= __ = __ =_= __ =_.= __ =_1 ===I .=35 

Week mding-

Jfil~ tc ..... :.::::::::::::: 2. 76 ·•·•·•••••·· 
July 2L.................... ::: : M 

2.40 452.0 
2.24 6:20. 7 
2.36 3113. 3 

July 27............... ........ I, 78 . H. J.13 300. 7 
Montb, Jul7 ..•............ 1===,=,=i====i===a.=oo=i===.=M 9. 47 1.882. ~ 

WIiek endlJ:ag-
Aq, 8....................... l.94 l.01 1,40 324.D 
.AUg.10...................... 1,77 .l,8 
A111. 17...................... l.113 .16 

.84 298.2 
J.89 32:U 

Aw:. 24...................... l.64 .811 
A.ti&, 31...................... l.112 .87 

1.4-t 27'1.6 
],56 322. 7 

i===•!====i====I=== 
MOJ1th, .A1Ji0St •••••••..•• , l. 'l7 4.13 6.67 1,353. l 

Week ending- l===,t====!====I=== 

t~t ic::::::::::::::::::: ~:: 
ttt ~:::::::::::::::::::::: ~::: 

1.12 4-t(l.6 
i.te (29.6 
1.23 413. 4 
.1!5 MIU 

.02 

.10 

.118 
I.JO 

i===i'===l~===l=== 
{ 'l.008.4 Jl.:t5 • 443.0 1.30 Month, September......... : i:: } 

Week wdwg;- f====l====i~===,I=== 

Oct. 12....................... 88 ----- •••• ••••• • ••• 
T -~ 01:t.L ••.. _____________ ··••• .91 (•) (') I 

Monti!, Oetow •.••••••••• t==, 1=. 5=1'r_= __ = __ =_= __ =_=_.'!= __ =_= __ =_.== .. =._=_I ==.=.=c 

1 For u days. 
' Sept. 1 to 18. 

t Sept. 24 to Oct. l. 
• In.strummt cup_ broken. 

was obtained from the canal and from a well driven 
on the site. 

The general arrangement of the station is shown in 
figure 80. To simulate swamp conditions the ta.nks were 
entirely surrounded by similar growth. All the tan.ks 
were :nade oi 5ai,anized :.ron anci N"ere ·:! !eet :n ciiamewr 
and 3 feet deep. Other equipment consisted of a 
standard Weather Bureau evaporation pan, a standard 
8-inch rain gage, a thermogra.ph, and an anemometer. 

Tank no. 1 contained transplanted tules (Scirp!J,8 
amsricanu.s and Typha latijolia) which developed a 
growth comparable in vigor with the natural tule 
growth in the swamp surrounding the tule tank. 
Several times a week a measured amount of water was 
added to the tank until the soil surface was covered to 
a depth of approximately 2 inches. 

Sections of native meadow (Agroms idahoensis and 
Oal4mMJilfa umgifolia.) sod 24 inches in die.meter a.nd 
12 in.cbes deep were transplanted into tanks nos. 2 
imd 3. The water table in tank no. 2 was kept at or 
above the ground surface by adding measured amounts 
of wa.ter several times a week. Tank no. 3 WW!! equipped 
with a Mariotte supply bottle to maintain the ground 
water at 8 inches below the surface, but this depth 
was not always maintained because of rains which raised 
the water table. 
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_s!-_ ~ @' Tonk
1
,, No. I (Tule},, 

-±:._ ~ ~ 

-'"-
, .............. .. -.... ~ .. _ 

Pump~ 

l 
l~ 
l ~ ,~ 
• "I:> 

1~ . ~ 
I 
i 

Instrument i "i=i 
shelter~ 

. .;-~-1 
-----...... ~ 
4-Roin goge'\ 

! ,~ _.:,L 

I \ 
~Tonk No. 2 '\. ~ 
(Native meadow), I ..... __ 

:: Anemometer 
! 

D 
Standard Weather 
Bureau Evaporoiion 
Pon 

I 

i 
. J 
/. 

Tonk No. 3-+@ 
(Native meadow) I / 

,, ~ 

+ 
/~ 

v 
FEET 

0 5 10 15 20 
1936 

Water-use records in the tule and the two native 
meadow tanks were not begun simultaneously, hence 
comparisons of the total use of water by the different 
tanks prior to July may not be made. However, 
records from July to November, inclusive, a.re available 
for each of the three tanks. For this period the quan
tity of water used by .tule gTowJ,h in tank no. ! was 
2i.32 men.es· oi depth, with a monthly marimum oi 
11.60 inches in July and 11 minimum of 1.30 inches in 
November, when plant growth had cen.sed. Compari
son of tl1c October and November consumptive use 
with loss from the Weather Bureau pan for the same 
period indicates ti.mt all the water lost from the tule 
tank during this period was chargeable to evaporation 
rather than to use of water by plant growth. This is 
true also for each of the meadow tanks, e.s in ea.ch case 
the consumptive use by vegetation is less than the 
depth of water evaporated in the Weather Bureau 
pan. Thus the indications are that in San Luis Valley 
the growing sea.son for native vegetation ends early in 
September a.nd that transpiration by plants is not a 
!actor in consumptive use beyond that time. 

Comparison of tule tank no. l and native meadow 
tank no. 2 shows that each growth used nearly the 
ea.me quantity of water during the July-November 
period. Tank no. 3, however, in which the water table 
was approximately 8 inches below the surface, eon-

,tigaf c', 

SEPT. OCT. AUG. 
t-----------1936-+---+---· 

''J, 

eo 'iohan ~··-~ - wE:::KL'1 .":!.lf! ... 4 •',•-, 

"' Mtar.-·- ~ ._........_ 
.fil2_ OI -

II.I Mton Min.- - ....., 
.!Q_~ - - -,:, 
!.Q._~ -·n 

3 

OI ...._,., 
!w£El(LY EVAPO!'t All ON l 

.L~ -
i"",. r - I'.. ;"• 

A, ... - '\ V \.. I 

~ ~--·"--
In 

3 ... lwtEKLY EVAPORATION•TRANSPIRATI 

Ill I\ I\ ~ I '\.- fTonk No. l!T1&ltl ...._..., 
V V ~I L:c A. 

!r' _ .... ....... ·· ~ ' ,,I/ 
,..- """s;:·~ TDftll No..2 llilalive Msodo•I •::--, 

I ,.,,· , ... ''.:'\ I 
"'rank Na.31Na1i•• Meadowl ~"'· 

In t I • I I I ··-·-L-,~ 
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sun...-~ 11.bout four inches less than the tn.nk with satu
r;~r ,;d eoil~ 

A m,:-_,,.:,ire of consumptive use is available through 
,:mpli.l·..,..,~ <vith evaporation from a free water surface. 

Thus, evaporat.ion from the Weather Bureau pan at 
the Parma station for the July-November period 
amounted to 22.54 inches or if reduced to reservoir 
values through use of the accepted coefficient of O. 70, 
to 15.78 inches. .Application of this value indicates 
that consumptive use by the tules was ,173 percent of 
the evaporation; use by native meadow tank no. 2 
was 178 percent; end meadow grass with a water table 
8 inches below the surface was 152 percent. 

Data obtained at the Penna station during 1936 a.re 
shown in tabulated form as follows: Table 621 Weekly 
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consumptive use of water, evaporation and meteoro~ 
logical data, and table 63, Summary of montb1" con
sumptive use of water, evaporation-.a.nd met.:~. :ca] 
data. The w~dtly variations are shown in :6guru .:::l2. 

&n Luis La..ku eiiaporation dation.-This station was 
located on a neck of la.nd between two of the San Luis 
lakes in section 26, R.11 E, T.40 N.,on the sa.mesite that 
the State of Colon.do used in 1930, 1931, and 1932. An 
evaporation pan of the Weather Bureau type waa 
fenced with woven wire for protection from rnbbits and 
other animals. The site W8"1 frM from windbreaks or 
other obstructions. The surrounding vegetation was 
rabbitbrush 1 salt.grass, and chlco. 

The equipment consisted of one standard Weather 
Bureau pa.n, one 8-inch rain gage, a.nd one anemometer 

T.&.BLZ 62.-Weekly comumpfive iue of wakr, aiaporation and l'luleorow,gical data of Parma ,talion, San Luia Valuy, Colo., 1Rao11 of 1988 

May 18 •••••••••••••••••••••••••• ___ _ 
May 25 •••••• ---·····-····--······--· 
lmie 1. ••• ---·--······ .. ····--···-··· lmie 8. _____________________________ _ 

lun& 15 ••••. -----···················· Jllll:t 22 ______________ ·----·-········· 
June 211 ••••• ------··················· 
1111:r e .•• __ ••••.• ----------- ._ ·-------
1111113 ••••• --· ·- ---········ •••••• •••• 

·ly 21L.·--··--·---·············---
y 27 _ - -- ••••• ·····-------·····. --
•. 3----······-----······--······· 

.<I&, 10... •••••• -------······--------· 
Aug. 17 ---·--·····-------····-····· 
All&- 24--------------···· ---········ 
Alli, 11-... _ ............ ---········· 
Bept. 7 ••••••••••••••••••••• _________ _ 

lllpt. a-···--························ =:t ::::::::::::::::::::::::::::::: 
Oet. s-·--·······-···--·-·--·------···• 
)et. '2·------·········-···------···-·· 
Oet.19._ .•••••• ---·······----····•··· 
Oct. 26 .... ----·-·········-··········· 
Nov. 2.. ••••••• ---··---·---··----··-·· 
Nov 9 ····-----··········--· •••••••• 
Nov. 111. •••• --------··"-·-······-··· 
Nov. 23--------···········--·--······ No.,. 30_ •• - •••••••• ___ ... ________ •••• 

Tank no. 
1-Tule 
In water 

1. 02 --------···· ····-······· ........... . 
l. 76 ··-········· ···········- -··········· 
l. 76 ········---· ---········· ·····•---··· 2. 78 ••••• ••••••• l. 19 7. 00 
2. lf ------·--·-- J. 51 9. 00 
2.117 ·-----····-· 161 10.25 
2.17 ······-·--·- l. 75 13. 75 
2.n 2.M L~ aoo 
2.23 2. l8 J. 58 !. 7S 
a. oo 2. 34 2. ™ 10. n 
2.~ 2.~ LM a25 
1.30 1.23 Ls.I 7.25 
L~ L~ L~ li.00 
2.~ 2.00 2.H LOO 
I. 67 1.1!3 1.,5 5. 25 
Ul3 l.88 1.:18 11. 25 
LM L79 L~ &25 
I. 10 1, 71 1, 158 7. 26 
.'I'll 1• l.~ &25 
.m 1.21 .83 7.25 
~ -~ -~ .w 
;9 .::".l .,8 .:.:5, 

. ..8 . 61 • 32 ' ..i. aO 
• (2 • 45 • 111 li. 75 
• f3 • 49 . l& 5. 76 
.41 .JG .26 7. 00 
.ar. .u .23 u.o 
.71 .24 } 37 7.110 
.21 .18 " 11.00 

!v&pon,-
tion In 1------------,-----:""------,----
lDches Temperature In d~ Fahfflnbelt' w A Ttnp 

!11W1dard Ind w:lnd Pndpl. 
Weather 1--------,----, movl!l!llllt movemnt, tatlon In 
:Blm!&u Mean Mean 111 total miles per Inches 

pan) iDl,llllllllll lllmlmum Ml!all mlles llour 

l. 70 
J.811 
1.47 
U3 
1.113 
1.93 
2. IJ6 
1.156 
l. 47 
1.5& 
1.47 
1.11 
1.30 

81, 96 
11. 40 

1.11& 
1. 70 
1.15 
,01 
• 71 
;:; 

'.l5 
',,6 
.illl 
.M 
• 42 
.38 
.33 

l ,30 

·······--11 • ···--·-.. at" ••••••··• 53 • :: :: :::::::: :::: :::::::: :::::::::::: 
80 ,1 eo 
M u oe ....... 402 ••••••• 2. 39 •••••••• 0. :lll 

811 '41 04 874 2. 23 • 00 
112 42 a Ml 11.22 .7~ 
78 43 IIO lM2 1.44 • 12 
M 45 1H 1!8 LIQ ,27 
S1I &l 70 
88 411 1111 

:1411 1.ta .00 
1118 1.17 .28 

79 63 llG 187 LU .47 
T1 6l M l!le 1.17 1.29 
117 '8 CIII 122 .73 .49 
80 48 113 lH! .1!41 • 70 
112 47 114 15-l .112 .00 
IIO U a 167 .113 ,65 
1111 a a Jal ,'I'll .00 
'17 87 57 m .11 .06 
71 118 114 lGO .115 1.15 
11 ~ 45 

,:)6 ' • ':T ,6 ' 
·;2 • S91 ~I 

:16 , 59 • 02 
, l4 . .le • :s 
:O.~ I 'J2 • :ll) 

~ 28 ~2 14.2 -~ ,llO 
eo at ,2 117 • 70 , 15 
&! l& 33 ·~ .uo .10 
03 15 40 ge .&7 .(ID 
eo 17 38 Ml .113 .00 
,58 JD 1M 24 .H .Cl 

1 Data ror ftM.IY perioda !lave ll«ll omnc&ed lf Ume Interval nrled more I.ban J !lour. 
1 :Becords tram MaJ ts 1,a June lJ win tu:mi 1.t Alamoa Weather Bumm ataUon. ·~. 

TABLE 63.-Summary of monthly consumpfive uae of wakr, evaporation and mmorofogical data of Parma ataion, Scm Luia Valley, Colo., 
aeaium of 1938 

Month 

May •. ························-····· 
Jane. ••••• ·------···-·······--·-····· 
luly. ··············-----------······· 

Eber·:::::::::::::::::::::::::: 
N"8lllller •••••••••••••••••••••••••• _ 

Mei:.euroioe;iea.l data n::- 1-----------,---.----i----
lnches Tem~ ln deer- Fahfflnbe!t I Wind ~.J:l 1----,..---..-----1 movement 
Bureau In t.otal 

pan) ~um ~ Mean miles 

t~ ······---SQ ·········,u ·········111· ······1,1*1 •••• L 'I'll 1.07 
6. 62 1111 ISO · 70 l, ll2IJ J.IIIS , lie 
6.Gl Bl U a.'! Glll ,118 11.06 
'- 10 77 40 Ml tie .a.s 1.211 
I.Zll ff6 28 offl flf1 .86 •• 
1.49 ~ 16 86 W .G .H 
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with cups 20 inebes above the ground level. Evapora
tion records were started on.Ma.y I8, 1936. 

Table 64 gives monthly evaporation !rom a sta.ndard 
Weather Bureau pan, and wind movement and precipi
tation from May to November l 936, at San Luis 
Le.kes station. 

TABLE 64.-Momhly ei,apot'ation, wind motiemmt and precipua
tion at San Luia Lakes station, San Lui, Valkv, Colo., ,ea1on 
of l9S8 

Alonlh 

May•--······-······· ................. . 
June ..••.••.••....••.•........•.••••••.. 
July ........ --·." ... -·- .. •••••••••••••· 
Au rust.--· .............. ------· ---···-
Septllltlber ••. _ .. ----- -- .. --- ..• ···-···· 
Octobfr. - ...•. -···-- -. -··••• -···---···· 
No..-eniber ...................... ----···-

, May 18 to Jun~ l. 

Middle Rio Grande Valley 

"-ml -·------·----. ···-----------10. M 2,00\\ 1.48 
IU3 2,461 :z.18 
7.78 2,~ 4.:111 
6.00 l,191l .84 
3. 74 I, 1&9 ,M 
J.M l,ffl ,f11 

The area here considered as Middle Rio Grande 
Valley extends from Sandoval County, through Berna
lillo and Valencia Counties to San Marcial in Socorro 
County, a total distance of about 150 miles. The 
average width is about 2 miles. The valley floor is 
divided into a number of units each of which may be 
considered & subarea of the valley proper. 

Most of the land irrigated is supplied water by gravity 
from the Rio Grande through the system of the Middle 
Rio Grande Conservancy District. The district is 
comprised of fou:r di'risions, the Cochiti, the .Albu
querque, the Belen, and the Socorro, namerl in order 
fownstream. F;ach has its J'Wn :ii.version dam. :nain 
canal or canals, and distribut1on sys.tern. El Va.do 
Dam and Reservoir may be considered as a fifth dhision. 
The dam is built across the Chama River in northern 
New Mexico about 17 miles west of Tierra. A.ma.rills. 

Rio Grafl..(U Jrn. 

The storage capacity. of El Va.do Resern... abo 
200,000 acre-feet. (See pp. 309 to 310.) 

The climate ot the Middle Rio Grande YaJJ 'ri 
the average annual precipitation varying fr oo 
8 inches at Albuquerque to about IO inches at :SOcon 
nearly two-thirds of which occurs during the gro"'i. 
season. (See tables 18 and 19.) Snowfall is light ai 
d.isa.ppee.rs rapidly. Mean temperature ~d precipi; 
ti.on records for 1936 at Albuquerque, Los Lunast a; 
Socorro are shown in table 65. 

The soils of the Valley consist principally of alluvi 
deposits and in most places are underlain by sand 
gravel. Because of the water-borne method of depo, 
the valley soils a.re quite irregular. In places the su 
soil contains muck, indicating former swamp are:· 
(See table 20.) 

.A preliminary survey of the Valley was made 
April 1936 for the purpose of locating places wi 
favorable conditions for conducting consumpth·e-m 
of-water studies. Sites were selected for tank expe 
ments and soil-moisture studies. Experiment statio 
were established for agricultural crops at Los Poblan 
ranch 5 miles north of Albuquerque and at Phillips fai 
5 miles south of Albuquerque, and for native vegetati, 
at Isleta. Evaporation stations were installed at : 
Va.do Dam, Islets. a.nd Socorro. Routine observatio 
were conducted cooperatively with the Weather Bure: 
and the Middle Rio Grande Conservancy D;· · 't 
El Va.do, Middle Rio Grande Conservancy I 
Isleta. and the Geological Survey at Socorro. _ ... co 
ference with representatives oi New Mexico and Tex 
an area on the east side of the Rio Grande betwe, 
Islets. and Belen was selected for an intensive stlll 
1Jf _,tream-dow iepleticn :i.r:d :he ,?onsm::t;n:ve ·1sc 

water in cooperation with the Geological Survey. 
soil-moisture laboratory was established in the ci, 
engineering laboratory of the University of New Mexi, 
at .Albuquerque. 

TABLE 65.-Mecm temperature arui fJTecipuatiun reecrd, m Albuquerque, Los Luna,, and Socorro, 1936 1 

Albuquerque l.o&LUDU Socorro 

Month T&lllperature ill decrwes Fabnnhei& Tempenature I.a d~ F&h.nmheit Temperatlllll In de&na Fa.brel:lhelt 
Pnelplta- PNc:fplta· Premr11 
Uooln tlOll I.a tlon Ir 

MWlmu:l• MeaD milll· Meall mebes l!i,fllU!mazi. Meu m.lni· MND Inches MWlmnl· Mean m1nl• Mean lnche;, 
mum mum - mum mum mum 

. 
112.& O.M 45.8 17.1 JU 37. 2 0 1imDIIJ:}' .............. - - - ff.2 111.l O. IIO 51.8 zu 

FebnlarY- .............. &U llfi,15, 11'1.9 .12 6U :zu au , 17 eu 28. 7 &2 
March •• -............... 1!3.9 ao.a 41. l .11 cu •• 4&.4 .oo 70. 7 32.8 51.8 

~-::::::: :::::: :: : ::: r.u ., M.4 • OCI 78. 2 au M.8 .05 79.3 4L8 ec.a 
81.l 411.9 e.'!,.O ::n 811.8 &8 A3 .37 87.8 49.8 au 

1mie ........ ··---- -----· 91.7 154 U 74. 3 • "3 IIICU Al ns .17 -~ 846 77 •• 
1uly ..................... 91.8 GU '17.0 ,117 92. l 1111.ll 715.3 U3 118.6 51.4 79.0 l 
AllllJSt .................. 9L3 ISJ..,t 'ffl.4 • 8:1 111>.4 as 74.a .42 115. V eo.o 711..0· 
B4ipC.l!mb,r •• --·· •••••••• 711. 8 63.2 911. 2 2. Oli 'l'U 51.& 6,'!.0 LIil! &1.9 113.7 89,3 ~ 
October. ____ ···-- ------- IIIU M. l .116. :I .17 &O 27.8 aa., .00 n.o 119. e 5U 
No?lll!lbilr _ ............. M.5 26.,f co T Al ll3.1 41111 .00 82. 3 :17.1 .._, 
:i::i-,l)er __ _. ......... 48. 6 /,ID.7 1116.J .13 48.8 17.ll 11:u T 5U zu au 

. Ammal. ·-· ---···· 70. 8 41.4 Ml.l li.lll 'l'O.t 27.8 kl 6.13 7S.6 41. 8 ao ; 

-
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:he Is1eta-Be1en Area. is in the north end of the Belen 
,vision of Middle Rio Grande Conservancy District 

..nd includes eJl the land under the canal system e:ast 
of the Rio Grande between the I.sleta. divemou J.WJ..1 and 
the highway 'bridge~ the river eut of Belen. It 
is approximately 18 miles long and hu mu:imum width 
of about 3 miles. Figure 83 shows the location of the 
area. 

Water is diverted for irrigating this area through the 
Chical lateral (12.74 miles Jong), the Chica] Acequia 
(3.16 miles long), the Cacique Acequia (3.06 miles 
long), and the Peralta main canal (16.54 miles long). 
The tract has a drainage system consisting ol several 
interior drains and the upper Peralta. riverside drain 
and the lower Peralta riverside drain. The latter two 
parallel the Rio Grande and extend along the entire west 
side of the area. .Automatic water stage recorders and 
staff gages were installed aJJd daily discharge records 
compiled by the surface water division of the Geolog
ical Survey for aU the ma.in canals and drams 
in the area. The Ground Water Division oi the 
Survey :insta.l1ed about 135 observation wells in the area 
and kept monthly records of ground-water fluctuations. 

Acreage.-The Bureau of Agricultural Engineering 
1936 survey shows that there is 21,074 acres in the 
Isleta-Belen area of which 9,147 acres were inigated. 

bout 1,200 acres is native vegetation growing along 
e river and thus has access to an unlimited supply of 

water. Table 67 shows the detailed land classification 
If the acreage between the gages on the interio; 

drains and wasteways a.nd the Rio Grande is excluded, 
the Isleta·B~len area is reduced to :muroximatelv 
'.7,500 .:1c::-es. ··· • 

Jnjlow.-Surlace water entering the area. (1) through 
the Chica.I lateral, ChicaJ Acequia, Cacique Acequia and 
the Peralta main canal was measured at Isleta diversion 
and is considered inflow. There may have been a small 
amount o! arroyo inflow between Islets. and Belen 
after summer rainst.orms; if so, it was negligible. 

Outflow.-The "outflow" from the area was measured 
from Otero drain, San Fernandez drain, Tome drain 
and Public wasteway, which flow int.o the upper a.nd 
Jower Peralta Riverside drains, a.nd from the lower 
Peralta main canal and La Constancia Acequia waste• 
way, which empty directly into the Rio Grande. An 
analysis of available data indic.a.tes that a OODSidera.ble 
portion of the water flowing in the upper a.nd lower 
Peralta Riverside drains is seepage from the river; thus 
the disclwge measurements of these drains ca.DD.ot be 
used as ou t&w (B) from the a.res. unless a correction 
is applied. 

Precipuation.-The numbe of a.ere-feet of precipi
on (P) contributed to the a.rea is hued on the 
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monthly record at Albuquerque for April and May 
a.nd the lsleta station record for June to December 
1936, inclusive. 

Ground-water atorage.-The amount of change in 
.;.v1.uui-water awrage (G,-G.) is esti.matoo from 
measurements of ground-water fluctuatioDS in some 
135 obse-rva.tion wells in the e.rea ma.de by the Geofogi. 
eal Survey. In December 1936 the average depth to 
water \'+'88 about 0.5 foot lower tba.n in April 1936. 
An assumed specific yield of 15 percent was used. 
The change in ground-water storage \\"BS small 
averaging only 0.08 acre~foot per acre for t,he urea. ' 

Consumptive me of ioottr.-The use of water in the 
Islet.a-Belen 8.I'ea was estimated by both the inflow
outfiow a.nd the integration methods. 

Inflow-Outflow Method.-8everal analyses were made 
using all the cane.ls entering the area at Islets. as 
lf!_JJ II O l .uwow an a.J the canals, drains and wa.steways 
flowing out of the a.rea as "outflow0

, but no satis
fsc~ry solution. was found because of the large amount 
of river water m.tercepted by drains, especially tliosc 
a.long the river. 

The. most lea.sible method of determining the con· 
sumpt.ive use of water in this area, with the data 
a.va~ble, is to disregard the acreage below the gaging 
stations of the Otero, San Fernandez and Tome drains 
and the Peralta canal and La Constancia Acequia. 
waste-way, &.D.d oonsider a smaller area. of some 17,500 
acres above these gaging stations, thus eliminating the 
necessity of including the uncerta.in outflow of the 
upper and lower Peralta riverside drains. Under this 
p_Jan only the interior dmins and wa..steways are con
sidered as ~utflow. !Iowew.r. s. large portion 0f ',he 
:rnc:.ion 3Xc.iucieci 3Upports :1 :·;row.th · oi wa.ter.;o\"lng 
vegetation which, if included, would probably_in.creaso 
t,he use of water in the entire area. Stream-flow 
depletion and oonsumptfre use o! water as determined 
by the above method for the period April 1936 to De
cember 1936 a.re shown in table 66. The consumptive 
use was 4.46 acre-feet per acre of irrigated land and 2.28 
acre~feet per acre for the 17 ,500 acres for the 9-month 
period. It is estimated that the annual or Valley oon
sumptiv? use would be 2.7 acre-feet per a.ere, on the 
assumptmn that the use of water for January and 
February would be 0.1 a.ere-foot per acre per month 
and for March, 0.2 acre.foot. 

The gross diversion or inflow to the w:ea at Islet.a, for .· · 
the period, was 89,386 acre-feet or 9.8 acre-feet per acre 
of irrigated land and 4.3 a.ere.feet per acre for gross 
acreage of 21,000. 

Integration Metbod.8-The areas of different types of 
land in the lsleta.-Belen area have been grouped and a.re 
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T .uu; 66.-U•e of wme,- in hkui-&len area in Midd;,, Rio Grande Valley, N. Ma., a, determined by inflow, outjww, and precipitation 
ret:m'da, April to Deumber J9S6, incluai11e 

I 
April j May J'll.ne July 

ltetn 

!llilJm: 
1. PenaU.a mah:! c-l... .•••••... ll,li!G w,,no C,440 8,12'.l 
2. Cl:llall lateral ••••••••••••••••• 2, G«l 2,8) l,810 l,240 
a. Cbical Acaqa!a.. ••••••••••.•••• m d 1156 315 
f. Clldque Acequia. ............. - 1114 724 4111 

Total .•..•••••••••••••••••••••• 12,006 H,912 12,330 10,094 

Outllow: 
6. Otero drain. ••••.••.•••••••••• 176 SO? = 215 
fl. Sau l"ln:Wld82. drain. •••••••. 164 lll? 157 143 
7. Tome drain .................. l, 720 U50 2,200 2,030 
S. Public •uteway •••.••••••••. '1,820 2,270 1,640 l,400 
g_ Peralta canal waste-way •••••• I 2, 2CJ(I I 4, !ISO 2,280 l,370 

10. La Conatu.cia .Aot,QWI 
~way .................. l 530 1677 426 1114 

Tota.I ••••••.•••••••••••.••••••• 6,600 10, 571 6,825 11,382 
lJlllow minm onUlo• ................ 6, IH5e t,IIU 6, t,05 4,712 
Precipitation ........................ 131 3114 ~ 2,310 

~lot;;~~oii:'""""·-···-- 6, D9i t,m ll,000 7,022 

Per lmp.ted &en! (11,000 -) •••• 0.66 0.48 0.61 0. 52 Comamrmv• o.e: 
PIii' mpted ll(l?II (9.000 acres) •••• .68 -~ .67 .78 
Peraere o~.500allhi!J ............ -~ . 'Z1 .35 . fO 

shown in table 67. Estimated consumptive use for 
various types is shown in table 67. The units upon 
which these estimates are based were selected e.rbi· 
trarily. The entire area. of the tract (21,074 acres) is 
used in the computations. Estimates of Valley con· 
sumptive use range from 53,287 to 61,655 acre-feet for 

' 21,074 acres. The unit consumptive use ranges 
a 2.53 acre-feet per acre to 2.93 with an &'t'era.ge of 

.... .13 acre-feet per acre. This average is close to that 
obtained by application of the inflow-outflow method 
(2. 7 acre-feet per acre). 

Comntmptir,e me in the Middle l'alley.-With the 
.iata 1.,aila.ole :o;r ~1icicile-.Rio Gra.ncie -va.iley;.~b.e :me-

TABLE 67.-Consumpliuc use of water in J,leta-Bden area in 
Middle Rio Grande Yalley, N . .Ma., cu utimated bTJ integration 
method, u.nng different unit, 

11136 CoDS!lmpti,·~ 11'1' 1 area 

(a} (C) (ca) (e) (ca) (C) (r,a) 
Crup 

Aero· Aero- Al!l'l'-
Aen:s ht Acre. rec, Acre· fort A=· 

per feet per foot rer feet 
acre acre acre 
------------

Jfflpted land: 
AIIILIJ'II .• _ ............. 3.088 4.0 12.M2 4. 5 13,1196 u 10,808 
Oras, (hay) and pes-

lure ••••••••••••••••• l,ZIIII a.o 3,8117 1.0 3,897 2.l'i ll,248 
Mllrellaut!ou• crops ••• \760 2.0 I, 520 1.11 7,140 2. 0 G,Jl20 

NatlYe~io.u: 
Gl'BSII ................. a.a a.o 15,Mi!I 2. 5 l:Z, 118,5 2.0 10,312 
Bl'llll'l ................. 1.IIW IU 6,900 a. 5 6, IIOO a.o 4,800 
Weeda ••••••••• - •••••• 1.172 a.o C. 7111 a.a t, 718 2. a a. Q3Q 

M Bgique ............... 1,19' 6.0 I. mo 4.5 6,873 u e, 1167 
fel!1MOW1: 

Tmnp,:n1111 om or 
2.0 UM 2.0 GM v~:::::::::::: 477 11154 2.0 

42 2.0 1M 2.0 84 2.0 M 
Wateraurface: Pooled, 

1. 4116 u tnal, a!!d dtaillll. ••• M u 1, 41111 u 1, 491! 
Bare land, l'tllldS. rte._. 1,808 1.0 1,808 I.II LliOII 1. 0 1,008 ,__ ------------

Tola! milire arcs .... 21,0'l't 2.1113 61,646 2. 74 117,1121l 1U3 63, :.187 

I Aqast I Sept.ember I October I ~ovember J December J Total 

A,7;:r,.fgrr 

9.060 I ,.OM I 6,870 I II, 000 0 ....... ________ .,.., __ ................... 
l,WO l,!10 l,87 1,.2'70 0 ------..... -............................. _ ...... 

370 221 64 147 II .............. __ .. -------- ................... 
fAl3 4aQ all l& 0 ...... ---- ................. _ .... -··---"''" 

12,013 ll,20 7,780 8,470 0 119, 3811 

1110 209 2U 222 277 -- __ .,_,_,,,_ ......................... ___ .... 
111 132 1'4 124 132 ·-- .................. _________ ,,, -.. --

2,150 2,100 l,GIO l, 720 1,880 -- "--- ..... -............. -- --- --·-
2,000 2, Im) 1, ,~o l,230 3t eD_.,_ ................ _____ -- - .... - .. - -
1, atlO 3,470 4,160 1,570 24 -a-a ......... __ .. .,,....,..,.,.,,..,.,.,,.,.., .. -,. 

J7! 377 191 119 0 -.. -. -........ -·---------...... --
6, ]07 G,. a. aaa t,985 2, B7 80,211 
:,,ooe l,1183 -!76 S.™ -2, 147 211,m 

911() t, 640 420 0 190 9,530 
ll,ffllll II, 1123 -JM 11,485 -l,957 38,705 

0.00 0.22 -0.06 0.311 -0.24 • 3. 2f • 3. 39 

. 77 • 72 -.01 .39 -.22 14, 31 4.46 
,3\l .37 -.02 .20 -.n I 2. 20 • 2. 2S 

gration method offers the best present means of estimat
ing consumptive use of water. Hence the average 
consumptive use in the Middle Rio Grande Conservancy 
District was determined by this method. The acreage 
mapped by the Bureau of Agricultural Engineering in 
1936 and the estimated unit consumptive use for various 
crops based on the Bureau's 1936 studies were used in 
the computations. The acreages of land in the different 
cla.ssifieations, the estimated unit consumptive use, and 
the computed normal Valley consumptive use for the 
Cochiti1 Albuquerque, Belen, a.nd Socorro divisions are 
~bown jn tables 68 to 71. 

TABLE 68.-Consumptive uae of wattt in CocJ>il.i Ditri,fon, Midtfle 
Rio Grande Comervancy Di,trjct, New M~o, aa 8'timated by 

r integration method 

1936 area Consumptl~e use 1 

Type or laud {nl (c) 

--------------- ---------
lrrlgaterl land: 

Alfalfa ......................................... - MS 
Native bay and pastun... ..... .... .... ........ I, 474 
Mlacellaneous crops ............ -·.............. 3, 03G 

4.0 
2. 5 
2.11 

:B:n&ll:tana................................... 6,208 2.41 12,549 
= = 

Tlllllpinri]J oot lll'CfOPPllli........................ 1611 2.0 3311 
========== 

Tawas lllld ~ •••••••••••••. ··-----·· ••••••••. .-01 2. Cl 802 

Nll&ln Y1Pl&tion: 
On.as.--·-···········---··--················--· 3,G28 Bnilh.. .. .. ••. . ....• .... .. ..... ............ .. . . C. 4l7 
on--Bmqw,.. ............. ........ •••••••. •. t, 181 

2. 6 6,570 
a.o U,351 
1.0 30, 93ll 

l:ntlN llrl!la................................... u, 232 ua «), 715G 
t====l===c!=a---= 

Wala lm'faca!I: pooled, river and 121J1Bl............. l,DI f.3 e, Sill 
i===i=== 

Ban, llllld........................................... 901 Ill()! 
l===I=== ==-= Toi.al {enUre area)............................ 19, 43\l 3.111 61,lllG 
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The tot.e.J. Valley conmimptive use for 1 87 1682 a.cres 
in the district wa.s 582 1858 acre-feet, imd t1lre 1111ver:aige 
unit consumptive use 3 .1 l B.Crfj,..f oot per 11.cre. 

These figures :may or may not represent normal use, 
for should the recently constructed storage, irrigation, 
and drainage works have their intended effects in alter
ing the present agric~ture of the Middle Valley, or 
should economic conditions reshape it, the water 
requirements might be much changed. 

TA.BL!. 69.-ComumpLiue lair c,J water in Albuqullrqulf Dirmuin, 
Middle Rio Grande Con~ Di,trict, New Maico, a, uti
maud by int.egratum mtthod 

TJ1M1 oI land 00 Ce) (ea) 

A.C:rtl Acre-feat A~ J)erMIINI 

7,221 4.0 2l l!S4 
3,DM 2.5 7, 1538 

12,K! 2.0 2A,G66 

Impted land: 
Alfall.e... -• -- --------- .•••••••••••••••• ---••• -••• 
Native hay and putuns .•..••••....••....••.••• 
Mlall&naowl Cl'Op! •••••••••••••• -·. - •••••••••• ---------

Entin ama. •.. -.••••.•••.•••.•••••.•.••• -- •••• :13,1119 :z.ro 111.808 
l====l:===t=: 

Tmnpnril)' !Jilt ofc:roppmz........................ 113 
!===~===I 

TOWll&llD:f l11laps................................. 4,90 

:z.o 1,nl 
= 

2.0 8,482 

Nait.e 'l'l!Cet&tlcm: 
Ona. ••••••••••••••••.. ·•···•· ..... -- .. ······-- 10, ffl 
Bmsb.......................... .... .......•.... 4, B 
"l'Ne,-Bosque.. ••••••••••••••••••••• •.•••••••• a, Oil 

u ,u1s 
a.o 14,904 
A.O «l,lllllO 

1---1---
Entlri,8"8,................................... 23,4DI! I. 4,5 81,822 

W..-.mrfacDII: pooled, ri'l'lll' llDd CIIID&I.. •••••.••••• ~l===I'" 4.3 34, G73 

Bini land._ .••••••••••••••••••.•••••.••••.. -··... 921 1.0 ffi 
l=====f,=== 

Total (entire-)............................ 1!11, 127 &.1l8 178,1132 

1e11,atbeprodoetof UllltOOUIUDlvtiTIIWll8U1--,_ par lffl (c) b7.,. ID 8,lll'lll(r.). 

TA3LZ 70,-:-•::-.m.;umpiive :ue Jj •.oater in 3eie~, Jitrn1ton .. 'dit.idla 
Rio Grande C.maerroncy Dutrici, New Merica, CUI uti~ 
by ime(l'l'alion method 

Type of land (a} (cl (ca) 

--------~---- ---------
1'.mpted Jud: 

Alf&lfL •••••••••••••.••••• ··········----·-·. •••• 7, 1183 
Natfn hay aiid ~........................ !II.• 
)l'lffll'•N0':1/1 crvps. .............. ._........... 12. 748 

4.0 SJ, 1132 
iu 8, 1111) 
ll.O ~----1----1-:lntlnarea................................... 13,1196 2. 73 66, us 

1="""'-~""""'==I==-== 
Temponrll], oat otaroppJna:........................ :I, 188 2.0 2,UO 

l==-~=-=!==-
Towu 111:1d VOlaam,.................................. Al 2.0 1, Ol!WJ 

1====1'===1=== 
N.UTe '1'19ptat!on: . 

On.IL.. •• -.................................... 28, MO 
Bnub.......................................... 7, 1411 
Ttla-BGlqae................................. 7. Ul3 

2. i,. 118,Ul 
a.o 2L447 
6.0 u.w ---~---1--

J:ntln ----·--------··· .••••••• ----·-···· 40, 'IN 1.02 ua,m 
1---==~=-=1==-== w.- llllrilaa!I: Poalad. Zfflf 1111.d llllnal............. 11, m 
!=-""""=!:==•= 

Dm'l llmd-· -------······················ I, 881 

4.1 28,UO 

l-0 IL 1181 
i,,,.., ...... o=olo===l===-

Tol:al {entire lrll8)_.......................... 2'1',0H 1112 :134, 931 

T.a..1u.J11 '1l.----cilmumpfi11• use· af 'll'ltlf.er in SoeMTo Dimiim, .ii; .. 
Bi<t (b,a.,n,d,. eim-v4ncy Dwnd, New Mcic.o, a., utim,1' 
iiy ~1p•,11tfo,.; mieffio,lf 

(a) (c) (ca) 

AffeS Aeft-feet Ac:re-le!et )lel"IICl'll 

l,&2 4.0 e,~ 
772 2. ! 1,930 

4,833 2. 0 9.t.oo 

IITlpted land: 
Alfalla •••••••••••••••••••••••••••..•.•.••••••.•. 

~=i::~~:.::::::::::::::::::::::: ---------E!ltltt erea................................... 7,237 :uo ll!, 124 
= Tempomrtly out or c:ropplJII........................ 733 2.0 l,4ell 

==~·,==F== 
Towra imd vil]aies. .••••••••••••••••••••••.•••• .•.• 9113 2. O l. ll@6 

Native veptatlon: 
Oras,........................................... 4,313 
Bmah.......................................... 3, l!J.'5 
Tree!--Baique................................. 7. 462 

u 
3.0 
6. 2 

10,782 
ll,315 

38,802 

Entin----------------··················-- 14. 880 3. 96 158. 899 
== =z::=:=t~ 

Wat.er IUlfaces: Pooled, ri'l'l!I' 11Dd canal............ 7,850 4. 6 as, 323 

Ban llmd.-........................................ 1. 17!1 l. o l. 379 

Total {1111tlri! ana)............................ 33,072 l a. M m, 171l 

J m-tbe product ofnnil OOIISUlnptlve l1!le In aa&-teet per acre (c) by area ID - (a) . 

Soll Moisture StudJes-AO'lculturaJ Crops 

Suitable sites for soil moisture studies in the 11i<ldlc 
Rio Grande Va.lley are very limited as the water table 
in most sections is relatively high. Plots were selected 
in & deciduous orchard, an alfalfa field a.nd e. vineyard 
on the farm of J. L. Phillips, approximately 5 mi1"" 
south of .Albuquerque; after careful consideration · 
been given to the following factors: (a) Absence o. 
high water table; (b) willingness of fe.nner to cooperate; 
(c) uniformity of soil; (d) general condition of crop; (e) 
conditions affecting water delivery, especially facilities 
for measurement. 

The experimental plots wer~ OD Anthony silty ~lay 
loam soil underlain, at about 3 feet, by approximately 
12 inches of-pinkish-gray silty clay. A dense clay layer 
was encountered between 7 and 10 feet below the sur
face. The top soil was moderately friable a.nd easily 
cultivated. 

The water for the farm is obtained by pumping with 
a vertical centrifugal pump with a 6-inch discharge, 
driven by a 15-horsepower electric motor, from a well 
85 feet deep. The water level is normally at 33 feet. 
The discharge is approximately 540 gallons per minute. 

The amount of water applied and the frequency of 
irrigation was determined by the owner. The water 
was measured over a 2-foot rectangular weir. During 
the irriga.tion season some precipitation occurred. 
This ranged up to 1.55 inches iD single storms and 
totaled about 5.11 inches. 

Soil ea.mples were ta.ken on eacb plot to & depth of 10 
feet before and after irrigation, with some additional 
B&mpling between irrigations, to determine the IW:· 

moisture fluctuations BUd the rate of moisture exti 
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I · ·J the crops at various dc.P':.:.U,. AI1 soil amples 
~Ql with the Veihmeyer improved soil tube at 

;i:tely established points in the plots. This eam
pling was done at 6--incb interva.Js in the first foot and 
at 1-foot interv&hl there&fter, to the final depth of 10 
feet. 

Standard methods were med in waghln~ and drying 
the soil samples and in the computa.tion of the moisture 
percentages. From the moisture percentages thus 
obtained the amounts of water used by the crops (in 
acre-inches per a.ere from each foot of soil) were com
puted by using the previously discussed formula 

MVd D= 100 • (See p. 348.) The total use was then re-

duced to equivalent usoo for 30 days. 
The appe.rent specific gravity (volume-weight) and 

field capacity of the soil in the various plots a.re shown 
in table 72. 

Orchard.-The orchard (3.5 acres) was planted in 
1929. The ground has a slope of I foot in 100 feet. 
The orchard contains apples, peaches, plums, and 
quinces, the trees being spaced 24 feet ape.rt in ea.ch 
direction. The trees began to shed their leaves Oct. 
20, 1936. Soil eamples were taken a.round a plum tree. 
The six holes were placed on two lines at right angles 
to each other. Holes no. 1 and no. 6 were 12 foot from 
the tree; no. 2 and no. 5, 9 feet; and no. 3 and no. 4, 

feet. 
The :results of the soil moisture studies a.re sum

marized in tables 73 and 74. Table 73 sho"'-s the 
average moisture content e.t each sampling, with the 
dates and quantities of irrigation water applied. In 

- :able ~ 4, ·.he ::noisi,ure .• ?ercen ta.ges .'.J.a,e .':>eerl' reduced 
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Ort"hard Au.Jfa I Vh1•7ard 
I 

o.tpch m,IIQil A\\PNWtl :l"!il..i &.ppereut Pield A PP8ll"lll t Field 
~t Qlpadt,· ~ mPl,dty IPIClLflc O&l*!ty 
1111tit;r {l)inani) gravity (p,iraent) era.it, ~t) 

- .. -----------------
nm 6 IJ:leb4m •..•••. 1.15 G.3 1.2'1 l!. J l.315 11. 7 
8-Dd 6 hicbes ..•.• J.49 11.0 1.33 »-7 1.40 18,J 
lleoond root ••••••••• 1.20 lll.O l. :IJ 22.11 1.32 12. 7 
Thlfd f!!Ot •••••••••• 1.:n H.I l.l!O 23.1 1.32 11.4 
Fomtli l'DOL ••••.••• l, 1.12 17.4 1.83 22.1 1.41 6.0 
PiftbfooL •••••••.•• 1.21 11, 3 1.113 17.S 1.as .S.4 
Bath root ••••.•••••• 1.15 S.3 l.H 22. 7 1.15 7.3 
l!eve11t.h foot •••••••. U3 4.' J. Ul 24.2 us 13. 2 
El1tl:!UI foot ••••••••. J.U 4, 4 I 1.11 16.8 1.21 J7.t 
Ninth toot.. .•....•• l.'2 5.5 ' 1. 23 12.4 1.21 16.6 10.q"'~ == A.Vlll'll&e •.•••• l.Ja m.oJ Ul 11.8 

to acre-inches of water per acre taken by the growing 
crop from each foot in depth of soil. Soil moisture 
determinations were made on approx:imately 540 
samples in the orchard. 

The soil moisture peroentages used for the first 3 
feet on May 8 a.re the values for field ca.pa.city. The 
moisture percentages used for October 10 for the 
fifthJ sixth, seventh, eighth, e.nd ni:nth foot are equal to 
those for September 9, since it was found that a heavy 
rain penetrated the soil ooly 4 feet. 

Vineyard.-The vineyard (6.9 acres) was also planted 
in 1929. The elope is 1.4 feet in 100 feet. The vines 
(A.lica.nte) are 8 feet a.part. Picking of the grapes on a 
large scale started October 14, 1936. Samples were 
ta.ken 4 feet north and south of ea.ch of three vines 
which were 92 feet apart. Soil moisture determinations 
were made on about 510 so.mules. Table 75 shows the 
iverage .:noisture content .it, :~a~h .3ampling. Table 76 

TABLE 73.-Ruulla of ,oi"l aampling and irrigation d4t.a, Ph:iJJ.ip, mi:ud orcli#rd mal' Albuquerque, N. M=., aea,<m of 1988 

A l'llll'lp mllllamnl «mwni of tilt IO!l, pea"OilJ:lt Depth of 
Dltaof imptlon 

Date of ampllng lnipUon waw 
l'lm hxmd 8-nd Third l'o!U'tll FllUI 8lsUi &wath El&ht.l:! Ninth Teth ·er:.:· IS billlles 81Dcbell l'co& bit foot i:oot foot foot ll>oi foot fO<lt 

------ ------
e f::::::=:== · ~:::::::::::::===:= 

u ll.O 111.8 1,.1 m.o 7. 7 I. 7 u 5. 8 II.II IUI •••• Ll& 

"'' 11.4 14.7 U,G 17.4 11.8 4.15 4.0 8.11 5.6 16.6 Ma,7 16 u ll.O 111.11 14.1 17.4 JLa u 4. 4 4.4 u J3. 0 ···- • a. 'Ti ii k:::::::::::::::::::::::::::::: u u 12.1 8. g 12.2 8.4 4. a Z.11 a. 6 8.3 17.7 .ru11 e u lLO 17,l 10.:l U.l u u u 4.1 7.5 -........ --.......... Jnl1 21 a.a 
.Alli, 7 ................................ 7,1 G.4 111.8 11.0 IU u G.8 a., G. l e. 4 ...................... • ••• 4.UI 

i ('?· ::::::::::::::::::::::::::::: 
1.6 I.II 14. 2 7.11 u 1.:1 1.3 6.1 G. 0 5.1 ~-··---- ..... AU(, 11 
11.l 12.8 2L6 12.2 17. J 7.8 4.8 4.ll 4. 7 u .......................... ............ __ ....... ..... __ ....... __ 
lU ll.l :IIIS.l 12.I .14.8 7.1 ... 4.2 4. 7 4.6 -·----- ....... ~ ... ~ ........ -~ ~ ........ ---......... 

&10 m.o1nme i-, a,cn.mcbai per acn 

lnt.tna! 
First Second Third Fou1t.b. J'ffl.h Blnb ~t.b Elgbtb Ninth &blln Tol&I o.Jeu. Seoolld la&adkm Gmcbill G lA1lbel foot bi,& .. loot '°°' (not foog r.oot illclhl!3 m &a81Jdays 

---------
M17 8 to Ma:,- ZL ..................... o.40 0.41 IUtl 0.23 0.38 -0.32 o.:18 0.33 o.a:i 0. 111 0.18 ll.91 U2 
,_ 2 to .Jul:,, 8 ...................... .11 .43 l.13 .7'11 • 76 ,44 .l3 .llll -.lll -.411 J.41 Ul:i 4. .. 
''1.17 JS CO. Aq. 14 ...................... .:lltl .lU . "' .aa • .5,5 .as -.111 -.17 -.15 .31 ,(0 2. S7 4.M 

• .• 11 to 0.. 11. ...................... -,JI; -.IIO -.1111 -.06 .Oil 0 0 0 0 0 2.1111 l. llli l.M . 
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shows the calculated loss in acre.inches per acre for the 
periods considered and per 30 days. 

Alfalfa.-Tbe alfalfa., which has in this region e. 
growing season froma.boutApril 15 to about October 10, 
was planted in the spring of 1933. The stand in 1936 
was fair. &mpls were ta.ken at three holes on the 
center line of the field (1.37 acres) 110 feet apart. 
This field has a slope of l foot, per 100 feet. An the soil 
moistures and the dates of sampling are shown in ta.bm 
77, together with the amounts of irrigation water ap
plied. The calculated uses of water in acre-inches per 
a.ere per 30 days are shown in table 78. 

Rio Grande Jm'nt ]1We, 

Soil ~.a ..... in Native Vue.t&«ve MM& 

In the summer of 1930 soil B.!.lmples were taker 
typical areas of high water table in the Albuqum 
Belen, and Socorro divisions of the Middle Rio Grw.. ... ,., 
Conservancy District near some of~ the observation 
wells of the Geological Survey. The primary purpose 
of this investigation was to determine the BOil charac
teristics and the amount of water available in the soil 
above the water table for use of native vegetation. 

The samples were t.abn with a standard soil tube, 
in 6-inch and 1-foot sections. The depth to ground 
water, soil ty-pe, &nd vegetative cover were observed 
when the soil samples were taken. 

T.un .. :m 75.-Ro.sulta of ,oil sampling and irrigation data, Phillipa llineyard, mar Albwiiurque, N. Me:r:., aea.son of J9S6 

Dates or sampllng 

Deptb o! 
1---...,.----...,.----.----,.----.----,----,----,----,----,---I Dal.61 or iniption 

Imp- water 
Fir.st II Second l! Seeond Tblrd Fourth Flflb S!xtb Seventh 
IIIC!Ja lnebes toot root trot root toot toot 

Elglltb 
root 

Ninth 
root 

Tenth 
fOOt 

t.!01:1 applied 
(lncllesJ 

-----------1---1·------------------------------------
May 9 ••..•••••.....•••••••••••••••••• 
Ju.ue 10 •••••••••••.....••••••••••••••• 
Jwie l8 ••••••••• ·-------·············· 
Ju.ly 7 •••••••••••••••.•••••.•••••••••• 
Jul128 ••...•••••••••. _ .............. . 

ltt t3:::::::::: ::::: :::::::::::::::: 
Sept. :H ••••••••••••••• _ •••••••••••••• 

111.2 
11.2 
11.2 
11.5 

U.7 
8.3 
11.11 
9.2 

12. 2 

-0 lb. 6 
17. 4 
11.2 
18. l 
111. 9 
10.9 
1.3. 7 
11.4 

1&2 
!ii.II 
13. 0 

11.11 
12. 7 
ll.4 
10.s 
ID.II 
ID. a 

13. 5 
12. 8 
11. 4 
10. 4 
1U 
9.8 
9.1 
9.4 

10.4 

B.3 
8.3 
8.1 
7.6 
6.0 
II. 4 
~.11 
6.G 
e.2 

u 
6.3 
9.3 
7.4 
5.4 
u 
4. 7 
6.4 
(.8 

7.8 
7.111 
8.' 
ll.3 
7.3 
e.e 
8.1 
7.9 
6.2 

13. 7 
13.0 
12.11 
ll. g 
13.2 
14.1 
13.6 
13. 7 
8.1 

16.8 
111. 2 
16.0 
18.1 
17. 4 
17.3 
111. 6 
111.0 
l(. 3 

18. 7 17. 6 ·••••••••• -------··· 
20. 7 16. g June 10 3. 48 
21. 6 18.~ ---·----·- ·-···--··· 
Ill. 3 H. 4 Ju.l:r 24 3. OS 
1e. 6 ••••••••••••••••••••••••••.•.• 
lS 7 ········-· ••••••••••.•••••.••. 
IV. 3 ····-·--·• .Aug. 18 !i. 30 
17 7 -·-------- .......... ··-······-
22. 4 ----······ •••••••••• ····----·· 

TABLE 76.-Quantitua of wakT u,ed in interval, bet-en irrigauoru in PhiUip, vineyard, near Alb11.gu4'rqm, N. Mu., season 19$6 

Soil moisture loss, &An-inches per acre 

Interval ~c~ FlrstG Bloond e Second Tblrd Fourtb Filth Sl.rth Seventh Eighth Ninth 11ain In lated 1-
illcbes IIlches toot root toot root foot foot foot foot Inches 11130 

days 

---
M117 9 to Jm:ie IO •••• ·--·············· 0.41 0. 71 0. \11) O. ll ll.00 -0.00 -0.02 0.11 -0.49 -0.211 0.1!8 1. 73 
111118 18 to July 7 •••••••• ---------·-·· .38 . 52 . 49 . ll! .10 .31 -.15 .15 -.30 .46 • 8! 4. 32 
July ::S to Au~ .. :3 ....••.•.•••...••.•. .29 . 00 .:J.5 -~ • !l2 .. - '.J - )6 . .::2 -.311. ~ iO . 11 - - :. 76 
3ept. ~ ·.o Sent. ~4- __ : __ .,. ____________ .,. - . .:4 . :~ . . J5 -.:c . <~ . _o t .J! I . .l(I • .:s I - .'l1l 1 . '..'rl I . :.JS I :. :a 

TABLE 77.-R~ulta of soil ,ampling and irrigation data, Phillipa oJ.falfa field, near Albuquerque, N. Me:r:., .muon of 1936 

A--mobture CODtel:tt Of tlle IIG!l, pemmt 

Dates of sampl!Dr I 

Flm6 Second II Seool:ld Thb:d Fourtb P'tttb Sixth BeVBlltb 
!Debes l1IClles {got foot root foot root root 

---------------
1lllll 19 •••••••••••• ••••••••• •••••••••• 12. 7 17.3 23. 3 21.. l 15.3 12. l ::10.2 111.4 
Ju.If 7. ---- ··- ·------- ·----··········· 15. l 23. 7 32. 9 23. l 22.1 17.8 22. 7 lH. 2 
AU( 6 ............................. -.. 1&. l 19.1 21. l 21. 2 111. 7 13.8 %l.7 23.l! 

et·===============:===:========== 
U.8 10. 7 17.1 lll.3 12.t 12. 1 :n.a 23.a 
15. I 23. 7 22.9 23. l :12.l 17.8 22. 7 :W..2 
18. 3 18. 7 25. 7 !JU 10. 2 12.0 2(.2 111.S 

Elebtb Ninth Tenth 
foot foot ro..t 

---------
12.3 ll.4 12. l 
15.8 12.' 10. 7 
l&. 2 12. 0 -·--------
16. 2 13. 0 _._ ............... 
10.8 1.2.4 ... _,.. .. _____ 
U.l 12. 2 .. _ ................ 

Dates of 
IIT!p• 
Uon 

---
Su.ae 13 
JD.De oo 
July ',ll 

Sept. 1 
......... __ ... _9 

Deptll Of 
l.mptio11 

water 
applied 
(l.w:bes) 

II. 
6. 7 

00 
2 

M 6. 

11. 42 
.. ......... -........ 

TABLE 78.-Quamitiu of lDGUt' wed in inteniau between imgatiom: in Phillipa aJJaJJa !Wd, near AlbuqueTque, N. Mex., aea,on; of 19S6 

eou molsturt loa, &An-1.ucbes. per acre 

Int.ernl Calcu• 
ll'int s Second II Second Third ll'Ollltb Filth Slnh Beftllth E!chth Ninl.b R&inln Total let.ed lOS1I 
illc.bell ille.bel foot foot lloot foot 1ooi foot foot foot ll:lcba! Ila ID 30 

da1I 
---------------------------

Agg. e to Aa,. 111-••••••••••• - ••••••• Q.211 0.117 O.G 0. 211 O. IIG 0.37 -o.ea 0.04 0. 0 -0.16 0.13 ll 00 8.57 
&ept.11 to Oct. 11 •••••••••••••••••••••• -.26 • 4(1 -.40 .411 l.SO .93 -.21 .65 .2' .03 U9 11715 7 . 

CO- 003322 

TX_MSJ_000402



~, ,e percent of moisture in. the soil at the time c! 
sa.m;,ling, t.he satmation percentage, the ~.ppareni 
~-:,,,.rifir. gravity (volwne-weight), the rea: specific 

;i.ty .a.nd the porosity were determined in the 
':fl.tory. In addition, moisture,.e,quivalent deter-
. -.ions were :made ol the sam.ples taken in Socorro 

division. Te.hies 79 to 81 give some of the results in 
each division. 

TU.LE 79.-.RenU, of ,ome of the i,cnl moiaturt ,tt.,diut Albu~ 
pergue diMDn, Middle Rio Grcruk Valley, N. Mt-%., J11.1.y 1936 

Deptb oi sample 
(leet) 

0.0 to 0.5 •••••••••••. 
o.! kl 1.0 ••••••.••••• 
IJl to 2.0 •••••••••••• 
10 IO 3.0 ••.••••••••• 
3.0 to 4.0 ••..• ••••••· 
i.G lo 5.0 •••••••••••• 

1).0 to 0.5 •••••••••••• 
Uto l.O •.•••••••••• 
U to 2.0 ••••••••.••• 
2.0 to a.o ..••...••••• 

0.0 to 0.15 •••••••••••• 
0..1 lo 1.0 •••••••••••• 
I.I) to 2.0 ••••••••.•.• 
2.0 to 3.0 ••••...•.••• 
•~to 4.0 •••••••••••• 

Field 
moistun 
fOtl!l!tlt 
(J>eroent) 

---
u 
11. 7 

22. l 
18. 2 
21,5 
:ss.o 

18. 7 
)0.4 
8. ~ 

12. 5 

24. 7 
20.0 
li.O 
13. 9 
23.8 

ROLE NO.~ 

A.ppar-Satwa,. 
tlot1 et1t 

(l)em11Dt) IJ)<'Cillc 
sravltll 

------
211. 7 l.43 
30.4 I. 74 
ll7. 7 l.39 
27.3 1.20 
18.15 1. 42 
'2.2 Ul2 

BOLE NO. Cl 

87.2 
26.4 
21.9 
z.o 

1.08 
l.89 
l . .53 

BOLE NO.E~ 

112.2 
illl.i 1.26 
31.3 1.35 
27.4 1.03 
23. S 1. 75 

Real 
11)eCltlc 
cravtty 

---
2.GO 
:Z.83 
2.02 
2.64 
2.112 
2.43 

Porosity 
(pereent) 

---
40. 9 
52. t 
52. 4 
32. 7 
37,t 
61.G 

49. 2 
ao. 4 
33. 7 

2.44 ..••.••••• 
2. 57 50. I 
2. 4W 42. 4 
2. G4 28. 2 
26. 7 {l. 6 

.lbtlo 
tleld 

moJst11te 
to aatu• 
ration 

---
12. 5 
22.0 
li8. 7 
87.0 

JOO. 0 
l't. G 

.!().3 
39.4 
311.8 
02.6 

3V. 7 
.!(). l 
60. 7 
60.8 

100.0 

lon.-Bole no. 5, deptb to Yam i&ble, 6.2 feet; veceta.Uon, alt crass. Hole 
...o. II, deJ>lh C.O w1ter table, 3.0 feet; vegelal.lon., 111111 uass. Bole no. E2~, depth to 
'ltl!M table, U teet; vept&IJOO. weeds. 

TABLE 80.-Ruull, of 1ome of the 11oil mouture ,tt.ldiea, &len 
divmon, Middle Rio Grcruu Valley, N. Me:r.., July 19~6 

3:oL.:;: :l'Q •... --..,~33 

Field A.ppar· Satwa,. Depth of ll!Ullple moisture tloD at 
(feet) aoni.ent (pm-cent} &1)8cltlo 

(peroei:i t) s;n:vity 

---
D.llklO.L •••••••••• e. 7 32.4 1. 41 
OJl to 1.0 •••••••••••• b. 3 37.3 1.315 
U!o 2.0 •••••••••••• 7.1 i!a.ll Lfl 
2.o IQ a.o •.••••••••.. 31.~ 411.6 .117 
a.o to ,.o •...... ···~ 23. 9 2:'U ~ .. ______ ..... 

HOLE NO. ,w-&1 

Uto D.S •••••••••••• 12.6 48.6 1.37 
11...1 to l.O ••.••••••••• 18. i 46.9 l.39 
1.0t.o 2.ll-•••••••••• 115. 3 16.1 1.64 
2.0 to 3.0. •.••••••••• 17. l ~.I 1.28 
3.0 lo Ul. •••••.•.••. M.l 19.8 l. 16 
UI to 6.0 •••••••••••• 21!.0 88.0 1.19 
~.o IQ 6.0 •••••••••••• 116.9 36.9 

BOLE NO.~ 

a.o too.a ..•••••••.•• 111.9 '3.15 1.22 
U lo 1.0 .••••••••••• 111.2 '5.0 1.66 
Ul kl 2.0 •.•••••••••• 18.2 :19.G l.lG 
2.0 1o a.o •••.....•••• 112. 7 tl.5 l.~ 
a o 1o tJJ .••••••••••• k.2 M.2 

Real 
specific Porosity 

snavltJ ( l]el'09D t) 

------
2. 88 45.S 
U8 50.2 
uo 51.5 

•••• 2. 65. 48.0 
-............. ---

2.~ &1.7 
2.~ GU 
2.88 51.4 

• • 2. 61 &8 
au 

·····2. ISll· U.3 
~ ~ .......... _ ..... 

2.61 113.1 
2.61 eG.7 
2.80 •u.s 

••••• 2. 66. 61. 6 
e--•m"•••• 

Ratio 
field 

molstun 
to latU• 
ration 

z. 
14. 
li. 
63. 

100. 

7 
2 
4 
5 
0 

36. 0 
315. 2 
'2.8 
311. 0 
113. 7 

~ -........ --- .... 
100.0 

ll8.9 
C. 7 
IIQ.8 
'18. 8 

100. 0 

371 

T .:.d.l.ll: 81.-Re.r&ilta of some of the aoil moisture ,tu.dies in Socorro 
divirion, Middle Rio Grande Valley, N. M"" . 1936 

Role no. l Rolet10.2 

Field Mob- Fie.Id Mui&-Depth ot mola- A.ppar. ture Poros. mofB. A.ppar. tore Poros-11ml pl e. f et' t tuJI! etlt ~r·· lty, tare llllt ~;a· it}' con· ipeclllc ())el"· lllltl• lqledtlc (J)<'r· kn! •t 
~ 

pv!ty ei-- cent) (per· cravlcy (per• Cfll!) 
cwt) 1 cent) <llilllt) 

-----------
0.0 lo 0.5 •••••• 14. 0 1. 08 18. 13 } 69.6 31. 0 1.44 13. llit! } ff. 9 0.5 to ).0 •••••• ,;.i 1.08 6.04 21. 9 l.+t 10. t7 
l.Oto U ...... {. :i 1.33 2. 20 } 411.8 41.0 1.07 31.29 } 57.5 1.6 to 2.0 •••••• •.. 1.33 l.M 4.11.8 1.07 38. 40 
2.11 to 2.5 •••••• i. J 1.66 1.,0 } 37.6 47. V 1.14 MOO } 54.0 2.! to 3.0 •••••• ~.s l.!lfl 1.34 62. 2 1.14 37.22 
a.oto u ...... 18. 7 1.88 2.89 

i 
t!. l M9 ·--·· .. -- 43. 52 } ....... 1.5 tn ... o •••••• 18. l 1.118 l. 94 71l.3 -.... -.. -.. •a. &9 

(.0 to 4.~ .••••• 18. il l. '/1j l.114 U.8 ... _ ........... ~ ___ ............ 

---·-··r······ (Ji to 6.0 •••••• 24.' 1. 70 2.5'1 ....... ~+ ......... ~ ... ~_ .......... 

6.0 to u .••.•. 34. 7 1.67 2 47 } 41.2 .... _,. ____ ............. -.... 
,U to B.O •••••• lllU l.57 2.48 -- ... ..,.,. .. ..,.., "'"'---a-a-a 

Alfalfa Tank Experiments 

A station for the study of the consumptive use of 
water by alfalfa grown in tanks was established on 
June 8, 1936, in a 10-acre alfalfa field of the Los 
Poblanos Ranch, approximately 5 miles north of Al
buquerque. The alfalfa v:a.s planted in the spring of 
1935. 

The climatic conditions at the station are representa
tive of the Middle Rio Grande Valley. Depths to 
the water table in the surrounding fields ranged from 
43' feet to 53' feet. The soil is Gila loam. Char
acteristics of the soil in the field nea.r the tanks are 
sh.own in table 82. 

TABlJil 82.-Field ccpccity, aprarel'll •pecific grcvity, and pore 
space ?f. Gf:lfl. ~a~. ,!oil~ at .,1 os Poblarws ra,n.ch. -.ear . .J.lbu: 

• -1ucquf,, J(roale •.i!:o J'rande·, alley, N. J1e:z:., '.9S6 

Type oisoll 

O.ll to 0.5......... Silty clay loam .••••••••••••••••• 
D.5 to 1.0 •••••••••••••• do ••••••••••..•••••••••••••• 
l.l) ta 2.0......... Fllle l&Ddy loam.··············· 
2.C to 3 IJ ••••••••• Loam .......................... . 
3 0 to ,.o .............. do ......................... . 
4.0 to 5.0 ••••••••• F1De aandy Joam ••••••••••••••• 
a.o to 6.0. •••••••• Sandy loam ············-······· 
6.0 to 7 .o. •••.•••. FIDe lalld •••••••••••••••••••••• 
7.0 to l!.O •••••••••••••• do •••••••••••••••••••••••••• 

Aver11111.- •••••••••••••••••••••••••••••••••• 

llO.' 
21.1 
11.G 
::Ill. 5 
32. 0 
~-0 
23. 7 
21., 
23. 7 

1.38 
1. 37 
1. 86 
L:36 
l. :36 
1.lM 
LIil 
LIO 
l. &'l 

1. 39 47, 7 

Inlta.lla.tion of e!:luipment.-A standard 8-inch rain 
gage and two soil ta.nk.s, each connected to a Mariotte 
appe..ratus were installed at the station. The soil tanb 
were the double type ""ith an annular space between 
the inner and outer shells (3), (4). The inner tank, 
23Me inches in diameter by 6 feet deep, was suspended 
in the outer tank (diameter 25}i inches) by means of a 
heavy a.ngle-iron rim a.round the top. The bottom of 
the inner tank was removable and bolted in place by 
long rods, to the supporting top rim. The inner tank 
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held the soil, the outer being a reservoir for water which 
passed into the soil through the bottom plate and the 
inner shell perforations. 

Since it was deemed desirable to have the same soil 
structure and growth of ali'ali"s. in the tanks s.s in the 
surrounding field, ea.ch tank was filled by forcmg the 
bottom.less inner shell into the ground, so cutting s 
core of soil of the same diameter as that of the hmk to 
s 6-foot depth. The earth around the tank shell ws.s 
excavated as the fillmg of the ts.nk proceeded. 

A tripod was erected by means of which the 6-ioot 
tank could be hoisted above ground. It was also used 
in driving the inner tank into the soil. A heavy tun
her was placed across the top of the tank, and a weight 
hoisted by mea.n.s of a block and tackle attached to the 
tripod, was allowed to fa.11 on the timber, thereby 
forcing the tank down. Friction of soil against the 
outside of the tank was relieved by excavating a.round 
the tank, this excavation generally being kept a few 
inches ahead of the cutting edge of the tank. 

When the inner tank shell was filled, the soil column 
was cut off by walking the shell after having connected 
it, by means of a strong cable, to a block and tackle 
fastened on the tripod. As soon as sufficient clearance 
was obtained, the bottom plate of the inner tank was 
pushed across the bottom edge and bolted to the angle
iron rim at the top of the tank. This method was 
found more satisfactory than jacking the bottom plate 
a.cross the bottom edge of the tank as ha.d been done in 
some insts]ations in the past (4). The inner tank was 
then hoisted above ground by means of the chain block. 
The outer shell was next set in place in the exca.va.tion1 

3.Ild +,he wer shell, with -i.ts soil content. was lowered 
·jiw ..be outer; where it b.ung'suspen1.ied .from ·:.he·.ilea:vy 
iron rim around the top. The tanks were designated 
as the north tank and the south tank. 

The soil columns in both tanks were then completely 
saturated. Alter 36 hours the water was pumped from 

R-i.o Grande Joint • 

the annular space. Twelve hours later the wn. \'d 
had stabilized at a depth of 58 inches beneaw 'lie 
g:romid imrfaoo in the north tank and at 60 inche •e 
eou.Uli tlmk. The a.lfa.Jfa in the ta.n.k was affect.. .y 
little by this ~:me. 

Opuution of tanb.-The 5-gellon Mariotte supply 
bottles with which the tanh were equipped stood in an 
inverted position in wooden boxes about 3 feet above the 
ground so that their shadows would not fa.11 on the tanks. 
Water was conducted through a rubber hose and 
through a ·~~inch pipe into the annular space between 
the inner and outer shells of each tank. The lower end 
of the pipe was placed so as to ma.int.a.in the water level 
at 4~ feet below the ground surface. When water wa.s 
withdrawn by the plants from the soil column, the water 
level in the annular space would drop and air would en
ter the pipe and the bottle. The resulting unbalanced 
air pressure would force water out of the bottle un ti1 the 
end of the pipe was again submerged and equilibrium 
established. 

On the evenings of the filteenth e.nd la.st days of ea.ch 
month the soil columns were completely saturated. 
About 80 percent of the water was applied as subirriga
tion by filling the annular space, and 20 percent by 
flooding the soil surface. The water was pumped down 
to the desired level the following morning. While it i~ 
more desirable to subirrigate only, so as to expel 
a.ll the air in the soil, flooding was used to P' ''l.k 
the soil quickly in order, so far as possible, to e te 
evapotranspirational losses during observation... All 
the water added or withdrawn was measured (ser 
p. 348). 

Ru-u.Us.-Table 83 shows the consumptive use ol 
warer1 :.he- r..emperatures "J.t,,·A.lbuq uerque, •a.nci ''ihe --?re
cipita.ti.on, arranged by periods. 

Over the entire period from June 26 to October 31 
the average consumptive use of the two tanks was 30.3[ 
inches, which is equivalent to 1.67 inches per 7-da) 

TABLE 83.-Weekly and Tl'!OfUhly comumptive me of water for alfalfa tanka with water table at an civerage tkpth of 41 /, feet, Laa Poblano 
Raneh, near Albuquarque, N. Mu., June 18 u, Oct. 31, 19S8 

CoUIIDlptin 111111 ID iu:n-1Dcblll8 PIii' .ere (locbes) MtaD temperature, °F\t 

Num, Narthtanll:: I South Wik AVW111e l'nldpl• Damo 
Period berol tatlon, 

Mean Mean 
urlga· 

dllya Inches tlon 
maxi· mlnl• Mean 

For Per Per30 For Per P•:SO For Per Per30 mum mum 
periGd weak daya period wall:: daya period week da:,s 

---------------------------
Ill.Ile 1111 to July 15 •••••••••••••••••...••.••••• 1.9: 7.541 2.19 11.1K ,5.gg 1.94 a.~ 11,311 2.211 9.87 o.~ 91.9 Cl.JI 711.6 {1Ulle: 

July . 

July 16 to Alllt, l ••••.• ---······-------······· 17 a.~ 2. tl8 8.111 4.4' 1.13 7.IN 4.75 UIC 8.38 .42 92.8 413.11 '711.4 Alli, 

S: t,1:s~t::::::===========:~:::::::: 
H a.~ 2..77 ll.88 11.40 a.:ao J3. 72 6.118 2.98 12. 11(1 .24 92. l eu 711.1 All(, 
17 I. 76 1. li.5 II.Ill .. 'l'Cl l.114 8.211 t.311 l.75 1,t7 .M 1l0.1 au 711.0 Aug.; 
1~ 2.114 l.117 a.88 2.11 l.:'l2 6.22 2. 'Ii l,30 ,5.63 -41 85.S 67.4 71. 0 Sept. 

f:!·11:C ~o~:1::::::::::::::::::::::::::::: 15 2. 30 1.07 t.m 2. 46 l.U U2 2. 311 1.11 •. 76 2. 411 '12.8 4,11.Q II0.11 Sept.: 
I& :uo 1-57 II. 74 2.115 UIII 1.153 a.z l. '3 11.H 74.l 42.. 58.S Oct. 

Oct.17 to Oet.11.------·--·-·--············· H .1111 • 20 ... 1.05 .62 2.21 .71 .36 1.53 ,111 Ill.II l!IU 62. l Oct, : 

I At J.lbaqaerque. 

Non.-Alfall& cut 0.11 J'lllUI 27, July It, AUii', 22, &lid Oct.15. 
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I pe,! .nd t,0 7 .17 inches per 30-da.y period. If the 
,1 use of water is extended back to April 15, the 

;i.i...ri.g of the growing season of alfalfa, the use coru
·-'d on the basis of :mean temperatures would be 44 .5 

.,ches. 
The alf alia in the fie.Id was cut four times with two 

irrigations for each cutting. In each irrigation approxi
mately 6.1 acre-inches per acre oi water was applied, 
which gave a seasonal application of approximately 
4.9 acre-inches per acre. 

The alfo.lfo. in the tao.ks was cut on June 27, August 22, 
and October 15. One crop was lost on July 14, being 
destroyed by livestock. Each crop was weighed green 
and oYen-dry. The weights are given in table 84. 

The a.mount of water required to produce 1 pound of 
dry alfalfa was computed for tbe crops hnrvested on 
August 22 and October 15. The water necessary to 
produre these crops was reduced from a.ere-inches to 
pounds and corrected for evaporation losses in the top 
6 inches of soil. The water requirements fol' the four 
crops (two from each tank) were averaged and found to 
be 1,140 pounds of water per pound of dry alfalfn. 

T.a.BLE 84..-Yidd of alfalftJ. gro1en in tanks, Lo, Poblanot Romh, 
near Albuquerque, N. ME:e. 

Datr Nortb tank 

Oreen Oven-dry Green Oven-dry 

Jg:J6 
1De Z'i. ••••••••••••• ••••••• •••••••.••••• IM. 0 36. 0 329. 0 71. 0 
1uly H 1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Aat.22.................................. 1t12.s ••.o 2a1.o n.o 
Oct. 15.... •.• • • . • •••••.•• •••••••••••••• •• 225. 0 52. O Zl I. o M. O 

Native Vegetation and Eval)Ora.tion Experiments 

Water-loving vegetation and the presence of a high 
ground water throughout much of the area of natural 
growth in the Middle Valley result in the consumption 
of large quantities of water. Salt grass, willows, tules, 
and cottonwoods are the principal users on account of 
their greater a.e.reage. E. B. Dehler and C. C. Elder 
recognized this fact when they established a tank 
experiment station at Los Griegos (p. 340). To extend 
these previous investigations the Bureau of Agricultural 
Engineering established an evnpo-trrmspiration and 
evaporation st.n.tio:n at Isleto. and evaporation stotions 
at il V ado Dam and Socorro. 

lalaa station.7-The Isl.eta station was instituted by 
the Bureau of Agricultural Engineering at Jsleta 

· (a.bout 13 miles south of Albuquerque) during May 1936. 
It was located on the ea.st side of Rio Grande adjacent 
to the IsJeta diversion dam of the :Middle Rio Grande 

• ~Oil of bllta 1Ut1an rem;iJ:!JI wa prepared principally by A. A. Youne:, 
ate .lrrlptl1111 gqineer, ll11R8U ol .Apicwtmal Et11ineerln1. 
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Conservancy District, in n. low, moist nre11 containing n 
variety of wuter~loving plants including sedges, tulcs 
(co.ttoils)1 salt grass, and willows. Data on lank instal
lation at the Isleta station are given in to.blc S5, and a 
sketch of the station is shown in figW'e 84. Here as 
elsewhere with similar work, Mariotte apparatus was 
used to supply water to vegetation tanks as well as 
keep the water surface in the tank at o. c .... ~.,.u11t level 
(4). The method of using the apparatus is indicated in 
figure 85. 

Each of the vegetation tanks was placed in a sur· 
rounding of natw-a.l growth of the same species (that is, 
in it.s natural environment), so that consumptive use of 
water would presumably be the same as for similnr 
growth out.Bide the tank. In previous investigations it 
has been found that e.11 tank vegetation must be pro
tected f.rom the element.s by surrounding growth of the 
same species. 8 

Since a considerable area in the Middle Rio Grande 
Valley is occupied by swamp growth, a study of con-

----

0 

lrrigution canal -

FEET 

~nk~ 
(Willow) ( 
El.92,3( 

[~ 
~

TonkNo.3 
(So!t-9.ross) 
El.91,3 

10 20 30 40 50 
1936 

l"tOOU M.-Plm al Wei& Btal.lOD, N. Meic. 11136. 

1 Tul4II, tar IDatl.l:l!Je. IP"Olmll m laol.lted W!b llll1II ~ quantities af waw
d&Dy dim.Ill t.blt a:nr,,r1ng -fnqllll!ltl)' BD ain-lncb per ecn pc da:, far weeks 
Iii II tim.. hi r.et, ibn is II newel' w t.blll Santa Ana Valley, Call!., of a mwmum 
-p&tq-ofll.ll ll:lcheof deptb m ulna:lolli-llom periodbytme, man Isolated 
Wlk. Obvillmly, 8UCb w**4ill: tllNI b:, plnt IP'Owth Ill tJinormal, otberwlse tu.le 
IIWIIDIPI woo.l.d reeede ud mm1m1 dr:, up at the source (3), (4). 
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ll· Dlarne
w O! 
t&Dt 

(lnebes) 
l-------c-------1---------·-------------! I 

Common Botall!cal • 

~~=~:::::::::::::::::::::::: ~~a!J1~~~iiorii:::::::::::::::::::::: 1-1:i 
Salt cn,s.s IILtld drop grass........ Disti!!hlls oopicats and sporobolli airoldes. I s 
~;mow •.••.• ----- -•••••••••• •••. irix ugophyllll .• _ •.••••••••• --- ••••.••.•• i ______ -. ll 

I 

, C}agjjSCidlml bJ Dr. Wlllb n:. Bell. proll!!IIIOr ol biology, Unlvenlity of Kaw Mmoo. 
tAt~-
• Standvd Wllathe.r B!lffllu !)<In. 
• FN,e.watlll' smiaoe. 

YEAA-1936 

18 gage (kr/v. 
Iron lank 

14• /Gnhrar!! 
doll, rol ltd lo 
form dr;ln 

6" of grave 

Jtl lfardrr,re IV 1::::::::;::::=:~==~ ~~====I 
cloth dn,n, 

• ;onn i'/Cf~d :':i 
·•·!' ':'>otlom·,r .-e!ls,1 • t"-..,. 

O/J.sem1fion wel/--""'"7 
~=-::;::::::.:,-

~-, , ' 
I \ 
I I 
1 I 
\ , .... __ .,. 

sumptive use of water by cattails growing in water was 
made at the Isleta station. This growth was trans
planted into a trmk placed in a swe.mp area where it 
could be protected from sun a.nd wind by surrounding 
growth of the same species. Reference to figure 84 
shows the relation of the various tanks to surroundmg 
natural vegetation. Tables 86 imd 87 summarize 
weekly and monthly use of water by cattails, sedges, s11]t 
grass, and willows, with pertinent meUl<>rological data. 

Comparison of consumptive use by cattails e.t lsleta 
(in 1936) with water use by cattails (tules) e.t Los 
Griegos (in 1928) discloses a greater loss at Islet.a. 
Consumptive use by cattails during June to September, 
inclusive1 1936, at Isleta was 60.33 acre-inches per acre 
as compared with 42.16 acre-inches per acre for tules 
at Los Griegos for the same months in 192ti. (See 
table 40.) 

Consumptive 'Wle by sedge growing in water 
likewise determined, and apparently there are no ot1n:1· 
data on use oi water by such vegetation in the Rio 
Grande Valley. Consum.pfr.e use during the 6-month 
period June to November, inclusive, 1936, amounted to 
.50.06·9.C.:.-e•!IfCnes )er~a.c.:e,'identifying-;his growth lS -.1 

water-loving species. 
Consumptive use of water by salt grass at Isleta 

during the months June to November, inclusive1 1936, 

FlotJU 117.-wmows ~ ill tank at Ialeta Station, Middle Rio Grande v 
N.Mez. 
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,fate· 7Jt·ilization 

does 1· -"nmpare favorably with oonsumptive use by parison of evaporation at the two stations shows Isleta 
to have the smaller amount by about 4 percent. Hence 
the difl'erel!eila in consumptive use are -attributable to 
fs.rtvrs other th&n meteorological. The stations we:re 
elike in that they were located in native vegetation 
with high ground water, but differed in size of soil tanks 
and surroundings. At Los G:riegos the salt grass tank 
was no:minaUy 4 feet in diameter; at Islets., 2 feet. At 
Los Griegos there was flat, open country without ob
struction to wind movement, whereas at Islets. willows 
and b:rush grew in the vicinity of the soil tanks. How-

simiJ, eget.ation at Los Gri<!Jgos for the mme months 
Tbe so.It gnss tank at Islet.a used 23.47 acre-

s with an avenge depth to water ot ?.1 inches, 
Whereas at Los Griego& the total use was 34.56 acre• 
inches with depth ol 5.0 inches. In a comparison of 
contributing factors, the difference in depth to wate:r 
does not account for the increased consumptive use; the 
average hou:rly wind movement was approximately the 
same at both places, while mean temperature at Is1eta 
was 7 percent higher than that at Los Griegos. A com-

TilLE S6.-Wuk171 comumptioe ,ue of wo.kr, evaporation, arnl ~oklg'.ical data of 1,lda 1tation, Middle Rio Grande Valley, N. Mez. 
1,aaon of 1IJS6 

T&llk 
Week endmr- DO,] 

---

J111» L ·-··········-·----
JIUM! 8. --------------
lime JS.·-·-···----······ 
llllle 22. --------------·· 
June 211. ····-------·-··· 
Jul:, 6---------·--·----
Jul:, l.'I •• - ---------------
July JIO. - • -·····---····--
1111J' r. ..• -·-······-· ·-··· 
All&. 3 ••••• ----------····· 
Alli, 10 ·······-----····· 
Aaz. 17 •••• -------··· , ""• ... _______ .......... 

--------
....... ..L--·--------llept. 28.,_ __________ _ 

Oct. s_. ---·-·······-··-·-Oct. u_ _________ _ 

Oct. 19.-----··· Oct. 211., _______________ _ 

NOY. 2. •••• -------···-
'l"ov. 9 ·------·····-···---· 

Catt&lls 
In water 

2.84 
1.156 
U2 
4.15 
a. 79 
a.n 
I.M 
II.GO 
4.18 
a.112 
11.113 
U4 
3.00 
8. 75 
Ul 
11.30 
U3 
LB9 
1.47 
l.38 
l.2) 
.?Ji 
.72 

,fov. · 6 __ · -·-··-----···--·' , 
. 31 
.,11 • 

• 'l"ov. ;a ________ ••••• 

1

. 
No.-. 30......--·----·-·-· 
Die. L. ··----·--·-

,,181 
.61 
.en 

Tank Tanlic Tlll1k Tw 
no. 21 D0.3 D0.4 IIO. 3 
------------
Sedieltl Salt Silt Willow water arw IJ'UI 

Tant 
Enpo. no., 
ratlou, --- lnc!Ma 

CW•tbu 
Willow li1:I.NeU 

pan) 

Wind mOTIIDID.t Avffl'lie 
Prec1 rel&tlvl 

1---,-----,----1 i&tlo~- 1---.----lhumJdlty 
(11:!chlll!I) A-- at Albu• Mean 

mini
mum 

Mean Total mii;" querque 
miles par hom (pm.,ent) 

l.110 2. ill 82 U 67 o. 72 ·····-·--- ···-·----- 45 
3. 00 l. 24 l. 215 10. 8 I U 2. 81 117 50 89 D •••••.•••• ----····-- 24 
l. 91 UM , 70 ?. 3 H. G I 2. ft gJ 67 74 .18 ·····--··- ·····--·-· 48 
2. !Ill 1. 32 • S6 8. g 15. 0 I 2. 77 95 153 1f O • ••••••••• •••••••••• 30 
2. 211 l. 111 • 112 11. 3 12, 4 2. ff 112 G3 78 , llO -- ••• 42 
2.40 1. :I ,1111 11.6 13. 2 :us Ila 61 76 0 8$ 2.19 JO 
2.IO l.89 • I.OIi 4. 3 6. 9 2..W 89 61 7S l. 52 423 :U2 1!0 
2.119 l.fl •1.06 7.5 8.3 2.31 1113 &!I 78 .06 370 2.2! 40 
3..Zl 1.43 .811 10.5 11.3 2.22 93 G2 78 O 324 1,1113 ~ 
2.16 l.:llf 1.113 10.S 11.0 2.10 811 &!I 78 .07 3G6 2.18 .13 
3. 78 1. :Jtl • S6 12. 3 13. 0 2. 03 ~ 61 78 0 281 1, 117 '4 
t.34 1.47 1. 13 11. 2 12. 8 2.34 117 Gl 'I'll • 03 3ll 1. 85 32 
l.lK LOIi l. OIi 4. 7 12. 5 1.81 89 «l 74 .113 :Z75 1. ~i 47 
f. &!I 1.12 1. Oil e.• 1a. 7 2.00 so 02 1n .05 ,11 2. ,e •~ 
2.m 1. 12 1.00 u . .5 7.3 1. 11 oo as 74 . 02 :ua 2.CK " 
L 77 •.m n.oo f,f 12.1 L& 86 ff 72 UH 146 .87 .13 
1. 7~ 1.85 11. IJO , 9 12.1 1.Ml 86 &II 70 .40 2111 1.67 M 
1. 11 '· 91 '· 113 5, l 2. 9 l, 60 75 M llll 1. f5 ~I 2. e8 Gl 
l. 21 •.38 •.89 -1.1 3. 8 1.06 73 40 116 0 2llll l. ~ 64 
l. 22 I, 41 . 67 . ;5 14. 3 1. 16 'I'll 41 GO O 337 2. 00 47 
1.07 .40 .&2 11.g u.o 1.08 l!lO ff 112 0 ll94 1. 75 O 
.'18 .17 .07 11.11 G.O ,87 1M 42 113 .29 84!8 8.150 Ila 
. 80 • 30 • f& 12. 6 13. D • 88 117 39 153 0 424 3. 12 5.5 

< ~ . < i · ::fl -----,...---·---------- ~s J.4 :. :;g } ~: · L~ -----···-· 
. ~ I . ,t I '::~ ,·==:::::==,·::::::::==1· :'~ I . ·: l ~ I 1111 ~ I ~ I ,_ :l3 1·········-• 38 • H .17 ···-···-· ····-·--· • :llf M li3 39 0 ,o• 4. 76 •••••••••• • en . w ro ·-·-· ••••••• ___ ------ ••••• __ 51 2. 12 •••••••••• 

ComampUY11111e of ll'llter bi mdJe:s ATmee~ Wllt.e:'iable ) M1teorolocical data 

MooLb Tulkm.l TIUD0-11 T1ln1: DO. 3 'I'lmkno.i Tmkm.S Tllllll:P0-6 EV.I» Temperatwe • F .1 Wind movement Avenge 
ration, Prec!PI• relative 
blllllea humidity 

(Weatber Meu Mun i..tlon, Average at Albu· C.Ualla Bedee In Sutcru, Willow Wtll'UII Willow Bunau DIIW• min.I· M-.n lncbm Total milaper querque m...- ... pan) :WDlll mwn mllea llour (perce111) 

------
June. •••••• ---·····-----·· U.11 us 6.66 a. 77 u 18.4 11.m' 91 ae 1, CUii .. ~---- ~ ...... ~-- ... -......... 8(1 

JIil:, •••• ---··········-·· 11.98 ll.ti G.07 '-24 IU 9. 7 10.06 112 l!2 77 1.68 1,644 2. 21 (2 

=:i-................. 1U2 I J.L87 3.59 uo 11.7 12. 7 11.05 112 61 78 

.~~ 
l.91 ff 

ll.JI 7.llll 13.81 4.18 lU 8.8 e.u 82 M G8 1.78 U 
Oetober -·-··-·-·. ·······- f.113 f.M l.75 2.02 1.1 9.11 4.80 73 a 58 • 211 l, 71D 2.34 49 
NOTBlllber •• ···········-·- 1.62 I. lJ .79 LM 2.115 Ml 2.5 u tT ll,, J.M .. 34 •••••••••• ,----

••••• 2. A2 ·1···--·· 'II Tol:al ••• ·······-···· w.m lliD.OG ZU7 91. 2.5 ..... 10.1( KM ••••••• 12 ····-·· so - ••••• 66- 5. 04 -········· 
AYWIICII··· ····-•··- 7.'I' -----·---- ........................ 
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ever, the evaporation ptm and anemometer were located 
on o.djacent ground 4.4 fee1. higher than the wet land 
in which the soil ttmks were pm.ced. Undoubtedly 
brush growing immed.io.tely wen. of the ult gmas tank 
cast shade on the tank d wing late afternoons. Thlll!l, 
the 1936 result.a show a minimum use of water rat.her 
tha.n an & verage use. 

A test was also made of the quantity of water con
sumed by a clump of willows (6 to 8 feet high) growing 
in a tank 6 feet in diameter, the tank being set in a. 
thicket of the sa.me species. The water table in the 
willow tank fluctuated slightly throughout the see.son 
v.ith n.n average depth for the 5 months of record of 10.S 
inches, which was close to the ground-water levels out~ 
side the ta.nk. Two of the smaller plants died from the 
shock of transplanting but the large plant flourished. 
The total coruiumptive use during the period JUDe to 
November, inclusive, 1936, was 21.25 a.ere-inches per 
acre, which was less than 50 percent of the evaporation 
from a. Weather Bureau pan. While the results indi
cate the use of water by scattered willow plants they 
a.re not representative of the denser growths along the 
river. The latter usually grow to heights of from 7 to 
10 feet a.nd to at least twice the thickness. Thus maxi
mum use of water by willows growing along the Riu 
Grande will probab1y be double the amount shoVi'll by 
the Isleta. tank, or approximately 42 inches (3.5 e.cre
feet per acre) for the 6-month period. 

I 

AUG. 
l------f------,-----+-1936--+-------,,----

WEEKLY TOTAL WINO 11101/EUENT {' 

I 
UAY 

I 
JUNE 

I 
JUL.Y 

I 

OCT. 
I 

NOii. 

""" 

100 I 
V 

90 - !WEEKLY TEliilPERATUREI 

" .·-....-Tonk~c.l lCcl-loilsl .. "· ' 

[ion 

Summarizing vegetative use of water e.t Tuleto. ,, . dw 
6 months of :record during the summer of 1936: Cm. 1_,_,;1" 
used 67.67 acre•inches per acre,-.aedge 50.06 acre-i 
salt grass 23.47 acre-inches, 

0

and willows 21.25 
i.nches per acre. Evaporation from a. Weather Bureau 
pan s.mountad to 44.34 inches. Compared with eye.. 
pomwm: hom a free w&ter surla.ce, cattails a.nd sedge 
a.re extn;vap.nt users of water, while salt gmss and 
willows a.re more economical-a. conclusion supported 
by similar investigations elsewhere. The weekly varia
tions in use of water, evaporation, temperature, and 
wind :movement are illustrated in figure l 888. 

El Vado Dam evaporation station.-In June l 93fi this 
station was insto.lled by the Bureau of Agricultural 
Engineering in cooperation 'With the \feather Bureau 
and Middle Rio Grande Conservancy District. The 
station is located on the hlgb ground adjacent to El 
Va.do Dam, in line with and at apprm .. imately the same 
elevation a.s the crest produced to the es.st. 

This is a class A station, equipped n.s follows: 

(a) Standard Weather Bureau evaporation pan (diameter 4 
feet). 

(b) Hook gage, Hoff type, reading to hundredths of an I.Deb. 
(c) Thermometers, m.a:dmum and minimum. 
(d) Anemometer, Weather Bureau type (4-cup). 
(e) Sta.ads.rd rs.in gage (8-inch). 
(J) Instrument shelter, cotton region type. 

De.ily observations were made at 6 o.. m., of a>·· "· 

ration, wind movement, maximum and minimm 
peratures, and general weather conditions represt:._ .~1g 
daylight hours. 

Table 88 shows weekly and monthly evaporation 
and meteorological data at El Vado Dam station. 
- • iocbro waporaiion · 1taiion.-This ,tation was 1o
cated in an open space in the Middle Rio Grande 
Conservancy District ya.rd at Socorro. Early in June 
1936 the Bureau of Agricultural Engineering established 
this station on a small plot furnished by the Conservancy 
District in cooperation with the Division of Ground 
Water, Geological Survey. Following is a list of 
equipment installed: 

(a} Standard Weather Bureau evaporation pan (diameter 4 
feet). 

(b) Hook gage, reading to hundredths of an inch. 
(e) Standard rain gage (8-inch). 

Observations were ma.de twice daily-once at S a. m. 
and once at 5 p. m.-by Walter E. Herkenhofl' oi the 
Division of Ground Water, Geological Survey. These 
observations consisted of measuring the water level in 
evaporation pan and recording hook gage readings and 
measuring and recording the a.mount of rainfall, if any. 
Also, a. general statement of weather conditions for the 
day was recorded. 

The evaporation pan was filled when nee~ , 
that the water level was kept between 2 and 3 ~ 
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TABLE !ffl.-Weekly anti' :;..m1bly ,mz~ and met,mological 
,"!. -, El Vi,~ Dam -,:,oratwn atatian,1 aemon of 1936 

Puled 

\V!Ol-•\ ••!HHog-
J1t•::i:,, ,;p,) ··----------··--

Ju ... r 2P m·------------•• 

T~(oF.) 1 

l 
Rain 6,iow 

Ml!llm M!!!!:D ~!r.cllm) (!Debes) 
mul· mfu1· Mea::. 
mum mum 

M 
;o 0.112 ··--···· 

. 13 •••..••• 
=l===l==....i,,==l=====I== 

Month of JUllr.. .•••••••••• • ll 93 ••.••••••••••••••••••••••••••••••••.....•. 

We,,k ~.nd!Dir 
July 6.................. 2. 30 118 41 GIi 0 mm-mmmmm 

July 13................. .2.00 M 45 e5 l, 84 ................. 
July :ao. ····-·····---- .. l. 99 88 ff 87 .00 .O,mi,O,mm-m 

J11ly 27................. 1. 00 89 t7 a .le 
l==-1.,.,,.,.=•1===-=1,,,==l====l,== 

Month of July.............. UO 87 415 641 :1.2e .................. 
Week endlnir ===l===l==,l====l===,f== 

Aug. 3. •••••••••••••••• 1.81 IIS 411 87 .ss ..................... 
Aug.10................. 1.43 83 48 a~ • 48 

___ m ____ 

All£. 17 .•.. ••••. ••• . • • . . .2. 07 llO 46 68 .15 .................. 
AUE. 24................. l. 54 83 44 1111 l. 24 ...................... 
Ana:. 31................. J.Gfl 1M 45 es .'1'8 ....................... 

Moi:ith of Au111st ••••••••••• 1""""""7"", 19=ls=-=,1===-=r-==IF"""=""""'=I,== 85 4; llll 3..00 ............. 
Weekendm1-

3!~t fa................. t~~ 
Bept.21................. l.U 
&pt. 28.... ••.•••••••.• l . .'18 

77 41 811 . ll --------80 ,u «> .18 ................. 
71' 36 1111 2. ... ................... 
1511 34 112 1.115 ----..----

===l===l==,1=== .. l=====-,J==== 
MmithorSei:,temhrr....... a1s 7S 34 Ml 4.18 0. 25 

Week eDdlng-
Oct. 6.................. 1. SI 
Oct. 1.2.. •••••••••••••• • 9l5 

SI 26 42 .22 -------.. 
115 24 4-1 .25 

Oct. 111. •••••••••••••••• l. 19 71 25 48 0 
Oct. 211.. ••••••••..•••• • t2 157 28 4:1 • 71 

1===1,==,1===1===1===1•== 
J,fonth of Octohtt.. •••.. ••• 3. 64 ea 27 45 1.48 .50 

r-====I=== 
Week ondilll-

Nov. 2 •...••••..••••..• M --:I° .82 --------

,du-d by l'lureau of Agricultural Englneer!nr lu cooperatloll ... 1th Weather 
and Middle Rio Grande Conmva.ncJ District. Standard Weather Blln!aa 

.• lm~ted. 

from the top of the pan. The pa.n was emptied and 
cleaned as often e.s necessary to keep the water clear. 
Rook ~e ,eadings were taken before -'l.Dd 9,fter 1ach 
.ill.in g ; r ~ieanmg: ~ . -

Table 89 shows weekly and monthly evaporation a.nd 
meteorological data e.t the Socorro station. 

Lower Valley 
The L<iwer Valley consists of a series of valleys ex

tending from Elephant Butte Reservoir to Fort Quit
man. (Seep. 298 and fig. 75 and pls. 18-22, incl.) 

Water is supplied by the Rio Grande project, built 
and operated by the Bureau of Rec.1.am.s.tion. The 
project comprises the Elephant Butte Reservoir and 
dam; several diversion dams; distributing canals D,lld 
laterals, md a.n extensive system of open drains to re
move excess ground water and reduce e.lkali damage. 
The United States is required to furnish 60,000 acre
feet aJmually to Mexico in compliance with the terms 
of a treaty between the United States and Mexico 
signed May 21, 1906. 

The climate of the section is characteristically arid, 
·· .. ,., oool nights, but high temperatures during the day. 

l 21 shows that the average length of growing sea-

377 
TABLE 89.-Weekly attd montluy ffllporatian and meteorological 

data at Bowrro i11Np0f'o:ticm .iation,1 aea..on of 1936 

Week ending...:. 
1ue 8 .••...........•...•.. 
lW1e 16 ••••••••.••••••••••. 
June 22 •••••••••••••••••••• 
Jllllfl 211 .................. . 

Temperature (~F.J 

02. 9 49.6 
119. ti MO 

100. 6 at 
99.6 59. 9 

71.3 Cl 
77.3 .18 
71U (l 
79.8 • 53 

vs. 2 116. 5 7'1.4 .11 Mont.II, lune •.••••.••••••••••• ~:===i====l===•I=== 

98. 6 M.1 
OU &1.6 
117.0 61.3 
118.( 61. D 

116. 7 81.4 

'ltl.4 .1\4 
'IS.O l.3~ 
711.ll .43 
80. 2 .02 

68. l 1.34 

Week•dlzic-
Jnly L •••• ••..•. ••••••... 2. M 
Jilly 13 ••••.•••••• ••••••••• 2. 69 
Jn17 ll0 .•••••.••••••••.•• ·• 2.09 
11117 Zl.................... 2.31 

j=..,.=:==l===l===l===I 
Mcmth, July.................. 10. 00 

115.3 84.4 
!11.1 oo.e 

101.1 &7.3 
kl Gl.3 
m-1 59. l 

79.D () 
78.9 0 
711.2 0 
TT. 7 . a 
7b.6 .07 

l===~===l===•I=== 
Weekedini-

Ao.c. 3 •• -................. 2. ~ 
Aas. 10 .••••••••••••••••• 2. ilO 
AUI 17 •••••••• •••.• •••••• 2. 44 
A~ 24.................... 2.09 
Au,. 31................ •. . • l. GO 

= ====-== 
Mouth, Aol?l,St ••••••••••••••• 11.27 GU !0.0 i8. 0 .21 

75 0 
74 • 511 
70 .06 
62 l,M 

l===!o===I 
WeaJ,;1112d~ 

tl:t i, .................. . 
Sept. 21. •••••••••••• •••••• 
Sept. 28 ................. .. 

l.M ll3 57 
1. 67 GO !i 
l. 45 M .'56 
1.08 76 49 

70 2. 211 
l===\>====I 

Mi:mtb, Septen:iber •••••••••• ~. 
i===~===-l===•r-===-!I===== 

Week endllla:-

G. UI &5 M 

Oct • .'I ••••••••••••••••••••• 
Oct. 12 •••••••••••••••••••• 
Oet. 19 ••••••••.••••••••••• 
Oct. 20 •...............•••• 

1.14 
1.17 
1.27 
• 111 

77 
Ti 
82 
M 

42 60 0 
37 57 • 01 
42 62 0 
311 112 .08 

Mantb, October ............... 1===._==6f=r=......,=\===•\1: ====1--....... 
Week endm,- 75 40 M .1111 

Nov. 2.................... 1.00 119 37 .53 o 
Nov.11.................... .811 .......... .......... ......•.•. O 
Nov.18................... .83 .......... ...•...... ......•.•. o 
Nov. 23................... .85 .......... .......... .......••. 0 
Nov. 80................... .4.:! •••••••••• •••.•.•••• •••••••••• .03 

M1111ib, November ........•.•• 

Weekendm,-
Dec. 7 _ ................. . 
Dec. H ................... . 

3.. 3,11 •••••••••• ·-----·-··r=········· . 03 
.49 •......... ····•····· .......... ~ 
. 71 ·········-.··--······.--······:· 0 

eon for the Valley ranges from 200 days to 241 days. 
The mean relat,ive humidity is low. There a.re very 
few cloudy days and but little rainfall. These factors 
contribute to a high evaporation rate. 

The average annual rainfall is only 8 to 10 inches per 
year, about two-thirds coming during the growing sea
son. However, only a portion of this rainfall becomes 
available for crop use, since muc.h of it occurs in light 
showers and is lost (consumed) by evaporation before 
it penetrates to the root zone. 

Long time records for temperatures a.n.d precipitation 
have been shown heretofore. (See p. 321.) Table 90 
gives the mean temperatures o.nd precipitation for 1936 
at El Paso I State O>llege, and Elephant Butte Dam. 

The soils of the Valley are alluvial deposit and are 
extremely variable in texture. (Seep. 321.) 

Early in April 1936 a preliminary survey was made, 
a.nd at a conference with representatives of New Mexico 
and Texas it we.s agreed that consumptive-use-of-water 
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ij'ater Utilization 379 

T,u,1,~: 90.-Momhly :,..,,pe,-aturea and precipit.al.fon, United SUJJ.u 1Veather Bureau station, at El PMo, Sw.t.e Coluge, a.nd Elephant Butte 
Dam, 1936 

State CoUec<! 

Teml]el'lltllre ("F.) 
Moul.h 1---,----,-..---1 Pree.Ip, 1---.,.---..,..----1 Precip· 1----,..---,---1 Preclp.. 

ltatlOJJ M1a11 Mean ltatloD Mea.n Mean !talion Mea.n Mean 
mu:!- mlnl· Mean (hlehes) mul· mini· Mea11 (Inches} mu!· mill!· Mmn (!Debes) 

~~~~:::::::::::::::::::::::::::::::::::::::I 
rhr· :::::::::::::::::::::::::::::::::::::::: ·. i 
June ••••••••••••••••••••••••••.••.••••••••••.••• 
11:111 ••••• ••.••••••• • ••• • .••• • • ••• •• ··--· • • ···----=ber :::::::::: ::::: ::::::::::::::::: :: :::: 
October ••••••••••••••..••••••..••....••••.•••••• 
November ••••••••••••••••••••.•.••••••••• -----
Deeembe.r •••••••••••••••••••••••••• •••••••• -----

mum mum 

57., 
52. 7 
70.0 
78.8 
kll 
115. 4 
kl 
91.9 
8'. 4 
76. 2 
11.t 
51.11 

4'H 
51. 2 
158. 0 
&.8 
74. 2 
a:u 
&2.6 
80.8 
73.7 
113.4 
M. 6 
4/l. 8 

0.57 
.06 

T . u 
,M 
.34 
.118 

UM 
a52 

.:s:i 
l.32 
.!ll 

mum 1111:1m mwn IDl:IDI 

M.7 24. 9, 311. 8 0.118 64.1 :l!!. 2 41.2 o. ~9 
00. 7 3UI 46. l ,211 61. 2 :W, l 47.6 .12 
IIIU ~3 ~.2 • 13 458.8 311.11 au 0 
77.6 u. 9 ~o. 2 ,07 76.0 f7,9 62. 0 .OS 
85.6 M.3 09.9 • 70 83. 7 156. 9 70.3 .llt 
114. 9 ~.3 'l"l.l .H 113.4 64.8 ill.! .211 
112. 7 ~.9 'NI. a J.N 111.a 67.0 7!1.2 l.M 
91.2 113.2 77.2 LU 86. 6 611.8 7C. 7 1. 09 
82.3 118.0 70.2 :1.12 79.8 ~.7 69.8 1.tn1 
, .. 5 42. 6 118. 6 .40 7l. 6 cs., IIO. 0 ,215 

32. 2 41.!. 7 1.02 58.3 35.8 47.0 .M 
M.9 27.ll 42. 4 • 77 56. 2 30.2 4a2 ,01 
e1.2 I 
75.lp~ 

---~I~ ------------1----1---
A.Illlual. -- ••••••••• ••••••••••• •• --·-······ 78. 3 112.8 KG 

studies would be concentrated in the Mesilla Valley 
since this Valley was representative of the entire Lower 
Valley and the time available for the studies was limited. 

E~riment stations were established at State College 
a.nd Mesilla Dam by the Bureau of Agricultural Engi
neering in cooperation with the agriculturaJ experiment 
station of the New Mexico College of Agricultw-e and 
Mechanic Arts. Soil moisture and tank studies on use· 
of water by aliulf a and cotton were ma.de at State 
College, and experiments on evaporation and trans-

·~ation by native vegetation growing in wet areas at 
:silla Dam. Details of these experiments are de

oeribed in later pages. 
Rain gages were installed by the Bureau in coopera

tion with the Bureau of Reclamation at Leasburg Dam, 
Mesilla Dam, La Union, and Berino. The precipitation 
,ecorci.s·:'or :tlay to .:Jecember :936 are ,;nown·in ·:.aole·::n. 
TABLE Ill .-Precipitati<m recorded at Lea.,burg Dam, Meailla Dam, 

La Union, and Berino, in Muilla Valky, N. Me:z., 19S6 

Month 
Leasburg 

Dam LA Union 

~L ........................... ····.··o. as· ~~ :::::::::::: :::::::::::: 
Iul)'............................. .158 1.09 1.07 1.311 
Auirnst.......................... .78 .84 2.03 2.25 
September....................... 2.17 l.72 2.M 2.GO 
Oewber ........................... 41 .35 .31 .15 
Not-embt'r....................... 1.21 .Ill 1.27 .~ 
Dteember....................... . U .••••••••••. .117 .••••••••••• 

.Mesilln. VaUey extends as a fairly flat, long, narrow 
strip along the Rio Grande from Leasburg diversion 
da.m in New Mexico to a few miles above El Pa.so, Tex. 
Its total length is 11.bout 55 miles. The ma.xi.mum 
width of the V&lley is a.bout 5 miles, the average being 
in the neighborhood of 2K miles. Figure 89 shows the 
1~nt.iun of the VaJJey. 

,, noted hcreinbefore, Mesilla Valley experience in 
.sumptive-use estimates has been used by engineers 

11.113 11.M> 73.4 15.93 

as a basis for estimating consumptive use in Middle 
Valley. The following estimates of past consumptive 
use in Mesilla Valley, for the years 1919 to 1935, in
clusive, have been made by the Bureau of Agricultural 
Engineering. 9 

Couumptlve Use In Mesilla 
Valley Prior to 1936 

The methods outlined hereinbefore have been used in 
estimating the past consumptive use of water in 
Mesilla. Valley. (Seep. 345.) The sources of informa
tion for the estimates are stated in the following para
graphs relative to ea.ch of the methods used. 

lnftow-<rutfiow method.10-Conditions in Mesilla Valley 
are especially favorable for estimating consumptive use 
of water by the inflow-outflow method. The Bureau of 
·Reciamatiori recorris, experiments 0i ~he· :3ureau of 
.Agricultural Engineering and New Mexico Agricultural 
Experiment Station on use of water by agricultural 
crops, a.nd the United States and Mexico Boundary 
Commission water measurement records all contribute 
to the reliability, of consumptive-use estimates. More
over, the Valley is a basin from whlch the subsurface 
outflow was long since fom1d to be negligible. Tribu
tary surf ace inflow is certainly 1ess thn.n in Middle 
Valley and in San Luis Valley. There .. IS less certainty 
relating to subsurface tributary inflow, but this is con
sidered relatively small. From 1919 to 1935 the irri
gated area in Mesilla Valley ranged from 47,314 acres 
to 77,061 acres, and the total Valley area was reported 
by the Bureau of Reclamation n.s nhout 109,000 ac:res. 11 

• Prof. Alllm S. CW'!"J, mllllbonitor, hu misted libmi!ly in I.be ln~tlon 
111 Nn Ma!co Acrletl.ll:mlll !.~t Station data, a.ad In cousuueti,,. crltlcian 
af the ether mid!m. Dan W , BloodlOO(I, IIIIIIOdate !nil:l,tloD 11:la;IMel', BUl'Bll of 
~ ~Ill, wboae 'll'l'ltmp llll Mtsilla Valley lrriptfo11 ud dralnap 
problems baTt beeD helpful, bu allo lii!VllD TB11:1able suuestlol!.5. 

• Thi! diu. -1 fot ibe lnflow-nut!low method v.:ere ~upplltrl l,,.flll!IY by L. n. 
Jl'iodi::, mpafutmidmt, and W. F Resch, bydro,rnpheT, Hin Grant.le l'l'Olel'l, frvm 
flll!II of Ult Buniat1 of Reclamalion, El PIISO olllce. 

u Rawts ,,.. complied befon the tabulaUODS of areas mapped by tbe Bureau of 
.\~ Eqlneerinz &Dd atream-flow -ta ror 1a were avaJlable. 
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Inflow.-The in.flow measurements of the Rio Grande 
at Leasburg into Mesilla Valley have been made ea.ch 
year from HH9 to 1935, inclusive. Results of these 
measurements were supplied by the Bureau of Recla
mation office at El Paso. (Pl. 20.) 

Records of arroyo inflow between Leasburg Dam and 
El Paso are estimates. However, in view of the fact 
that the annual water contribution from the arroyos is 
relatively very small (averaging probably not more 
than one percent of the annual consumptive use of the 
Valley), it is believed that the estimates are accurate 
enough to be considered hem. The quantity (J) used in 
the computations is the sum of the river inflow at 
Leasburg and the arroyo in.flow. (Seep. 347.) 

Precipitation.-Tbe number of acre-feet of precipita
tion ( P) contributed to the Valley water supply is based 
on precipitation measurements at State College, and on 
the Valley area (as reported by the Bureau of Reclama
tion), of 109,000 acres. 

Outflow.-Tbe outflow measurements bnve been 
made at El Paso (Courchesne) during all the years 
included in this study. They are considered relinble 
and probably the most accurate of all the measurements 
here dealt with. (Pl. 20.) 

Ground-water Stornge.-The a.mounts of ci:anges in 
ground-wnter storage (G,-G.) are estimated frorn data 
supplied by the Bureau of Reclamation, the Bureau of 
Agricultural Engineering, and by the State Agricultural 
College. The Bureau of Reclamation records include 
the years 1925 to 19351 during which time depths to 
ground water were observed in 55 to 88 wells. 

The Bureau of Reclamation wells are probably more 
ne!}riy =-~ureseritati,,J.Ji :he 'lnl~y as :i -;vhole :hun the 
State College wells, which were at first confined to 33 
across the center of the Valley. Howeyer, the Stnte 
College 12 well-depth records cover the years 1918 to 
1934, and have been used os o bnsis for extending the 
Burenu of Reclamation records from 1924 back to 19 l 8. 
The average depths for January of each yeo.r 1925 to 
1934 nre plotted on figure 90, by which the estimo t.c<l 

""" .... .... •2• ~122 ran t:U ••H IHt ~111:, •H ,.,. IU-D IQI •ha INI IP4 IOI IIH 

"' 4 

::! 
; -.. \. .,..1~1e:rpoloted from State Coll101 oclual recu:linos t. . , .. , .... _ .... r r...... .St;te Ca41•Q• actual raodings .. 
f! .. --'( ,, -le!. . ~ ... 
t. ... .. _ / -
"' 

. ~- ~ 

! . _ ... 
10 . / ~ 

"' a..,'°" ofRetlom~oo o,tua readings "' 1:i 

11 Coopmatln n,cmds by Bwau or Acrlcultural Enimeerlnc and New Me.i.J~,, 
.Acrimll:l:lral Experiillent Sla&IOD rtolll Ullll to lllGl. 

Rio Grande Joint In, +ion 

depths of the Bureau of Reclamation wells are ext€1-c~l'd 
from 1924 back to 1918. The average diifere ·1 

depth of water in the two sets of wells, for th, .; 
1925 to 1934, hn.s been added to the average deptns of 
the State College wells for eRch year, 1918 to 1924, to 
get the probable a,ernge depths of water in the Bureau 
o! Reclamation wells. 

For ep;:timates of difl'erente in ground-water storage it 
was nssu.med that the specific yield was 15 percent of 
fJ>e totnl volume of soil (seep. 347}. 

Results by Inflow-outflow Method.-The Valley con
sumptive use (K) determined by use of equation 4 for 
the 17-year period, 1919-35, is given in column 6 of 
table 92. The irrigated area (At) is shown in column 7, 
It will be noted that the average for Kfor the 17-yenr 
period is 297,756 a.ere-feet, and the average K/A1 is 
4.52 acre-feet per acre of irrigated Innd. This qunntity 
includes all the precipitation {P) which, for the Valley 
area (A) of 109,000 acres, amounts to 1.18 acre-feet 
per acre of irrigated land per year, and therefore is not 
comparable with the estimates of other engineers for the 

quantity ( J A,!!) hereinbefore reviewed. 

TA:SLI!: 92.-Co~umpiive we of water in Melilla Valuy, 'A'. Mf,:X. 
and Tu., for 17-year period 1919 to 1955, ba.!ed on i.11jio11:
outftow method 1 

i 

l p R (G,-G,) 
K 

K A, A, 

Year Acre· Acno- Acre• .Acre- .ACI'('• Acres Acre· . ~ ..,,.e,. 
feet feet reet reet feet feet feet 

per per 
acre a!:l'e 

(l) (2) (3) (4) (5) (8) (7) (8) (II) 

----.----.----.--
·,.?!!_·· __ ··_'.·.·.·.· i~i~?,-31 -::;,, . ..:4S ~ll. }2';' ""!"'":.:i.243 -~9,!)95, _,,7_,:i4. ~.-18 F .~.J.8 
• .., """'· i(..38 ,'OQ,;,5 "t"I0.~55 178,228 i8,l27 J.fj9 i.1}4 

11121. •..•••• 11!17,6211 69,433 s,o.•1s +r,o.io 202,694 51.40, 3.94 1.!16 
l!l:?2 .....••• m,724 50,71M 1so,m -1,002 :lti&.5:r. 4S.620 :u2 2.41i 
11)2;J •.••...• 112,,19, 114,00, '664.589 +20.m 37:1,786 s:i.s12 &.95 3.43 
llr.M ..•••..• 9112,423 43,927 'illll,071 -3,4:H 233,8,45 61,966 3.71 2.15 
1925 ••.••... 857,382 70,B.'50 633,622 +1.002 296,572 6,.~7 4.40 2-72 
1V21'L ••.•••. 823,0!2 l:!0,47:l Mf\,1l-!1 -11,611!, 384.1136 7fi.244 S.05 3.5J 
11127. ••• .... S*l, Hlli 116, !MIi 610,563 -1, 7W, 3+1, 11.10 73,314 4. 70 3. JG 
um........ 111s, :i;i2 i;.o;, 02\l 112:1, ll:l7 -a:21 376, ;Jl;8 11l. o.~1 4. n~ 3. 45 
l\r.!tl. ••••••• :168, 935 l'IJ, f~l3 r.s2, 742 +r., 7llJ :JOO, 49{t 76, 772 3. 00 2. Sl 
19:111 .•..•.•• i00,5:JJ; OZ,Mti :m.uoo -1114 320.MO 76,373 4.20 2.M 
11131 ........ ;40, itijl 1:111, oou Sl~.oou -2. ;;~ 3:10, 9:«i 76,122 4.43 3.12 
1932 •••.•••• 81r~o21; 00,224 ,',ui,140 -!,,1',0 32:l,45:I 7fs.OO •.zi 2.97 
19ll ........ 1!24,000 (2,728 I\IIIJ,l~I +8.liS 26S,,:l.l ;7,(J(,I 3.45 2.+l 
19M." ••.•• 768.ZJO 41.8.loll 50S.4Sn -u1or, 211i1,w1 il8,&1., 4.32 2.12 
1935 •.....•• 632.1XIO 114.~ 4Ml,9IO +l,6.'l., ~9,7IO ti2,l75 4.66 2.r,r, 

A \'CJ'lll:C.. 8:15, ~ 71, 890 618, 037 I~ 297, 756 &. 814 4. 52 =;".'"; 
I 

'As dclerm!o~d br Bureau or Arriculfurel Eor!nrerini: lrorn cq1mtlo11 4 showing 
inflow (/), outflow (R). Pl'Nlipl!AllioD (P) aud ditferecre in grouod-...-alcr sl')l"Rjlt 
(G,-0.) In acre-rret; irrig,.ll'd area <A,) &1Jd entir• Yall~y ....,., (A) In acres; \"oJl•y 

consumpth·r wic in acn'•f('('t Jl('r irti&atcd IICl'll (f) ; a.od Va.lle:y colllllmpllvc use 

In IICn' !f't'L J]<'r ac!"!' tor cnt.lre area (1) . A• 109,000 acres. u reparJ.cd h)' Bur~au 
or Recla.mat.ion, ...-as uSl:'d ID computing f P) lrom State Collegr pm:lp!tation rer,,r!l~-

; The qUlillLUJes in column 4 for l!aCh of the 17 yews were tat~n from Bumu or 
&c!amatloll n"OOn:ls and, for most of I.he >·ears, thrr are in bannon_:r_ •·ltb the wsull• 
publillhed by the 01!(lloa'ieal Survey ln Willer Supply Papen. Bow~\"er, !or the 
~dar YeaT 11123 !.he Water Supply Papers MS and 5118 81)0,.. oaUlo•· at El PP!'o 
(~) ot 728,'100 !Mft-leet. Ir the Oeol011eal Sur'rey remll.l were used U,e total 
eo=pUve me would Ile decreased from 373,786 to 309,678 llln-teet, Uius m1.l1d11c 
an &nrage of 5.7' ICl"e-reet «m.mmptlve use per lnipted tae ~) and 2M acre· 

rect consumpti'7c use per sere of total Valley am1a.oe ffi, These are respecth·ely 

27and 4 pement hl11:her than the J,.year &ffJ"811ll 1111d arc much cloacr 10 lh 
ib&a I.be r.u&1Jmics b1111Cd an Bureau ol Rl.'d&matlon records. Th,•tt· it 
creP9Df)' for tho :Yl!lil' 11124. Water Suppl}' Papers .588 11.fld tlOS sho"· an u 
1110,200 -reel as against 71111,071 rrom the Bureau ol Reclall>atlon rewrds. 
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I Wafer Utilizmion 

The quantity (K) of column 61 table 92, consists of 
,:am-flow depletion (1-R), plus precipitation (P), plus 
aft on ground water (G,-G,). Comparisons of the 

,emges &iv,,. fo!.!-t, the st:rea.m-flow dC'dftfon cn.,.•c!l-
tutes 73 pe!'Cent of the consumptive use; precipitation, 
26 percent; a.Dd dn.fr. on gromid water l peree.nt. In 
terms of acre-feet pen~cre of irrigated land the averages 
for the 17-year period are a:.; follows: 

Stream-flow depletion (1-R)/A, equa!B. _. ____ 3. 30 
Precipitation PJA, equalJ!____________________ I. 18 
Draft on ground water {G.-G.)/A, equals.---- 0. 04 

4. 52 

The stream-flow depletion of 3.30 acre-feet per a.ere 
of irrigated l&Dd is comparable with most of the estimates 
heretofore made by engineers and designated "con
sumptive use." 

Stream-flow depletion is the most important item of 
the consumptive use. Im.gators are directly concerned 
with the net depletion of streams because of the use of 
water in irrigation. Moreover, it constitutes the 
largest of the three items included in oonsumptirn use, 
being nearly three-fourths of it as a.n average for a 
17-year period in Mesilla Valley. Precipitation on the 
valley floor tends to decrease the stream-flow depletion, 
but since precipitation ea.nnot be controlled, the stream· 
fl.ow depletion a.nd its relation to irrigation areas a.nd 
irrigation practices are of major practical importan(',e. 

The precipitation item (P/A,} of 1.18 acre-foot per 
re of frrigated land may be m.isleadllij!; because of the 

faet that it includes precipitation on the entire valley 
floor, only six-tenths of which, as a.n average, -was 
used on cropped land. The consensus of opinion of 
,uthorities :n Yiesilla 7allev seems ;o ·:::ie ;hat :nuch ·)i 
,he prccipiation ~.i.uch fa.Us -on the cropped Iaiids of the 
valley is of but little, if any, direct benefit to crops. 

In order to present amounts that a.re more neo.rly 
comparable with the estimates of engineers previously 
reporte<l 1 table 93 was prepo.red. The quantity (K-P), 
column 2, is stream-flow depletion plus difference in 
groum.l-water storage, as may be seen readily by sub
tracting the quantity (P) from both sides of equation 
(4). Then 

(K-P)= (1-R) + (G,-G,). 

For convenience, the quantity at the left of the equality 
sign in the foregoing equation is written on columns 2 
and 4 of table 93, instead of its longer equivalent on 
the right. 

Column 4 shows the average of the quantity (KA, p) 
for the 17-year period to~ 8.36 acre-feet pe; irrigated 
acre. The average of 3.36 is almost identical with 
Ho.ea's 1929 Mesilla Valley 5-year estimate for tho 

m-fiow depletion per ncre irrigated ( 
1 A~) for the 

381 

TABLE 93.-Stream-ftow depletion in Nenlle.---Yalley, N. Mu. 
and Tex.,lor 17-year period 1919 lo 1995, bated an inftow-011tflow 
method l 

-~-~·---"'- -
! I K-P I I !-R ~ Propot· 1-R 

1·ear K-P I A, tlon or ~ 
Acre-leet A=s !r.tt·!eet 1verag,;,l Acre-feet 

I pen~ ~Dt AcrHeH 
per acre 

(l) i:IJ (3) (4) (5) (6) (7) ,--.----i--
lll20 ••••••••••••••• _ 103. llllO 48,327 2. I~ 114 0 112,935 l. ~. 
]919 .•••••.••• -••••• ,l85,M7 I '7,3H 3.1)3 117.0 100,504 3.40 

11121-............... lia,2111 51,407 2.59 T' : J~;.211 2.48 
11122 •••••• -......... 217,733 48,!520 4.48 .;..,.3 219,6115 4.~2 
1923 '· •••••••••••••• ffl. 7JR S\, 812 s. 20 ' l~. 8 2511, 808 4, 83 
I~ 1............... 189.918 61,IIGII 3.00 91.l 1113.352 3. 12 
1112$ •••• •••••••••••• 225, 722 67,357 3. 35 99. i 223, 760 3. 32 
19'211. ••• • ••••••••••. 2M, 463 76. 24,4 ll. 34 99. t 286. Oil 3. 49 
11127 •••••••• _ ••••••• 2:!8.829 13,314 3.53 105-1 260,527 3.M 
111~ •••••• ·········- 21111. aes 10,057 a. 83 m. o 2111,595 3. M 
ltr.19 ••••••••••.••••• 222,896 76.772 2.00 116.3 2111,193 I 2.82 
lll31L ••••••••.••••. :MS,374 76.373 3.38 100.fl 258.538 3.39 
11131. ••• •••••••••••• 2JQ, 921 7G. 722 2. 87 &. 4 222. 700 2. 87 
um................ ffl.229 7&.709 a.11 k• 248. 788 3.2' 
11133.. ••••••• ...... m 996 n, 061 2. !!1l 1118. o 2H, &20 2. 111 
11134. ••••••••••••••• ~ MC 458. ®.$ 3. 71 llO. 4 2511, 75() 3. 79 
11m •••••••••••••••• m.m ezm 2.s1 113.6 1n,oso 2.79 

Av~e.......... 2111,see &,814 3.3e 100.0 211.019 I 3.3-0 

1 A.a determined by Bl1n!llu or AErlcultural Engineering (l!Ei! lable 112) sbo...-!nl! in 
col1lllll! 2 lltri!am-fiow depletion plus dlfference ln ground-water SUJ>rai;::e (K-P) 111 

( K-P\. IM:l'&-feel,"a.nd In oolumn~lnacre-reet per!mpted acre -:;:r;-) • to&etberwltb pet· 

oenta.a:e or each rear's resnlta of 17·:,ear average In column 5 ud stream-Bo...- deplelloD 

U-Rl in IICl'e-!eet, and In leN-feet per acn o! irrigated land (1;r) · 
, Pem!J)t nopn!!Nllted by ciorrespoudlog :,early figures !11 oolumn 4 relath-e to the 

&ffl'llP or oolumn •· 
• Result& llued on Bm-eau of Recl&me.tlon records. See !ootoote 2, table 92. 

years 1924 to 19281 namely, 3.42,13 and with Debler's 
(1932) 4-year estimate of 3.40 acre-feet per irrigated 
acre for the years 1926 to 1929. 

The percentage of the quantity (K~P) for each 

year, referred to the 17-year average, is given in col
umn 5. Briefly summarized, the column 5 data show 
that during 6 years out of the 17. or 35 "l)ercent of the 

, :;ime, ~1;e wnsumpt1,e :Jse~·:ess precipitacion 'was :.\-ithin 
10 percent of the average for the period. During 13 
years, or 76 percent of the time, the departure from the 
average did not e:xceed 20 percent, plus or minus; and 
during 14 of the 17 years the depnrture did not exceed 
30 percent of the 17-yenr average. In 1 year, 1923, 
the consumptive use less precipitation exceeded the 
average by 55 percent. 

Column 6 of table 93 shows the stream-flow depletion 
ea.ch year in acre-feet, &Dd the average for the 17-yenr 
period. The average (217,019) plus the average change 
in ground water shown in column 5 of table 92 (2,847), 
is equal to the average consumptive use less precipitn
tion shown in column 2 of table 93; namely, 2191866 
acre-feet. The stream-flow depletion in acre-feet per 
acre of inigated land, shown in column 7, indicates nn 
average of 3.30 for the 17~year period. This average 
is only 0.06 a.ere-foot per a.ere less th.an the average of 
consumptive use le.~ rainfall, shown in Column 4. 

The average i,tren.m-flow depletiou (IA R) for tho 17-

CO- 003333 

TX_MSJ_000413



382 

yew leriod baaed on the en.ti.re, va:J]ey ues. of 100,000 
~ i.a 1.9'9 a.<??e-foet per acre. 

Oooaumptive use by integration method B.-The sum 
of the products of the areas of each crop (or group of 
crops) in acres, times the consumptive use for each 
crop, gives the consumptive use on all cropped land by 
method B, designated in this report as the integration 
method. 

Land Area Classifieation.-The areas of land used 
for c:llif erent groups of crops in Mesilla Valley are given 
in table 94. The detailed Bureau of Reclamation crop 
surveys of a.grieultuntl lands are classified by New 
Mexico State College authorities in eight groups: alfalfa., 
cotton, forage crops, fruits, grains, pasture, vegetables, 
and miscellaneous. Column 2 of the table shows that 
there has been a decrease in the area devoted to alfalfa. 
since 1923. The cotton area has increased greatly. 
Colunm 10 of the table shows the total cropped area 
eac.h year. 

Table 95 shows the classification of Mesilla Valley 
hmd areas into cropped area (A,), native vegetation 
(An), water surface (Au,), bare land (A1) and fallow 
land (A1). Column 2 shows the growth in cropped 
area. There are no long-time records of Mesilla Valley 
areas in native vegetation. Column 3 of table 95 
shows the native vegetation areas from 1919 to 1935 
as determined by subtracting from the area of the 
Valley floor, 109,000 acres1 the sum of the cropped 
acreage (Ae), the water surface acreage (A.,), the bare 
land surface area (Az), and the fallow area (A1). The 
general trend in area of native vegetation from 1919 to 
1933 was downward, and the increase from 1933 to 

; ;_ 'J3j ~ .1;,p-are'htly .1ttributable ';o lll 1.Ssumed ,e~rsion 
of fallow land to native vegetation. It is estimated 
that a.bout one-third of the native vegetation area was 
trees and two-thirds brush a.nd grass. 

Experiments on Use of Wnter.-As noted on page 344 
considerable experimental work has been done by the 
New Mexico Agricultural Experiment Station in 
cooperation with the Bureau of Agricultural Engineer~ 
ing, with o. view to finding the irrigation requirements 
ll.lld the consumptive use of alfalfa, cotton, grains, and 
some vegetables. Results of this experimental work 
have been accumulated for many years, and many 
have been published, but not all. Both published and 
unpublished data have been analyzed. 

It is believed tha.., the consumptive use for cotton, 
which ho.s recently been given most experimental 
study I may be determined for like conditions with a 
f a.ir degree of accuracy on the basis of the experimental 
data. A study of the relation of the yield of cotton 
to the consumptive use of water for the yea.rs 1928 to 
Hl33 seems to warn.mt the conclusion that cotton 
yields increased fairly well with increase in consumptive 

TABLE 94.-Jfenlh V~ a-a, aireiu, in acru, from Bu.,t.i•; I! 
Reda~ 1'1l!i:Dnok mm in e:mm4(ir1q con11umpti've b 
rMfAori B, by yw·ri, 191~Hfl5 

-
Year Alfalfa Cotton For• Fruits Pu- Vep. M1o,, 

ace 01'1lill9 tur9 table aella• Tola -(I) (2) (3) (4) (5) (6) m (!) (G) {10} 

--------------
111111 •••• _ •• 111,UIO :Ill :u1e 700 15, l5e 3, IM., 2,839 0 .,.~ 
1920 •••••• _ 16, '196 11,682 1,634 7118 13,422 3, 2711 3,300 0 cs.& 
19:ll •••••••• I.I, 1123 619 a,un 478 16,218 5,573 1,'31 0 46,3" 

·11122 •••••••• 20,270 2.'13I l, 1134 708 11,1!17 3, 6112 4,033 284 ,s,21 
1923 •• ···--- 30.M9 14,452 •.~ 1l84 ,. 1134 ',478 219 0 49.3; 
1924 •••••••• 15, 34' 29,0l9 2,655 &47 2, Ula 3,&49 2,bl5 0 51'>, 77 
1925 •••••••• 13,008 41,488 l,629 801 2,330 l, 703 2.581 0 63,5(· 
1026 •••••••• 13, l!Q 43,800 910 l'l)I 3,418 II02 a, 768 2,502 69, T. 
lffl ••••••.. 1', 1174 43,430 1, :127 43g M~ 1,310 3,426 0 71, 21 
11128 •• ····-· 10,'22 57,220 1125 1118 2. 3'.ll! 1,331 2,740 0 75, JI 
111211. -·-·-·· JO, 067 58. 815 1,048 650 l.ffl 1,012 2,439 0 76,0: 
Jll30 •••••••• 12,m 63,1119 1,584 348 a,377 787 3,103 0 i5, 7'4 
11131. ------· 14,715 

"· 100 
1,700 Mil 7,4113 8G7 2,DJ 0 75, 3l 

11132 •••••••• 14, 783 42. 271 3,005 389 7,818 1,966 4,212 0 74,9: 
11133 •••••••• 12,807 42.8'3 4,284 311 6,075 1, 1195 3,532 4,'85 15,8;: 
11134. ····-·· 12, 7G7 311,311& 4, 1126 1188 II, 305 1.~ 3,129 413 114,Si 
111136 •... ---- U,4112 33,185 4,005 .96 4,4G7 719 3,073 700 li8. 6( ----I-----ATen&fl •• 14,004 32,4117 2,W m II, 761 2,250 2,899 693 62, Sl 

T.un..E 95.-Mmlla Valllllf land dasaification in acrn, wed i 
uUmating con,1.nnptii,e we by method B, by veara, 1919-SS 

Nat.Ive 
Year Crvps ,,,,eta· Water 

on 

A, A. A,. 

(l) m (3) (4) 

11110 •••.•••• -·-····· 44,280 50,400 7,000 
1WO •••••••••••••••• '5,lilll ,9,477 1,000 
Ul'll. •••...••••••••• 46,334 46,397 1,000 
1922 •••••••••••••••• ~~ 49,184 7,000 
11123 •••••••••••••••• ,g,m 46, ll8II 4,00I 
1924 •••••••••••••••• M,772 38,832 4,00,l 
11125. -·············· 113, t,00 33,344 4,00I 
11128 ••••••••••••••• 119, ffl ~.MC 4.004 
ln7 ••.•••••••..•••• 71,261 27, 411& 4,004 
11128 •••••••• ···----- 75, 162 241,743 4,004 
ltl'J$l •••••••••••••••• 71\075 24,028 4,00I 
1930 ................ 15,145 24,427 4,004 
1931. --··· •• --·---·· 1C,,316 24,078 t,004 
11132 ................ 7(.1136 24,091 4,004 '933 •• ______________ ·:;. 332 !I 739 l 
·m ....... · .. · .... ., :11.:i.i -:in, 
11136 ................ , _58,0071 ':l,ffl5 I 

Bare Fallow 

A1 At 

(5) (6) 

4, 1116 3, 0.14 
4, 196 2,~ 
4, 1116 r,,073 
4, 1116 3,~J 
4,1116 3,113 
4, lil6 6, II 
4, 1111! 3,&,.. 
4, 196 11,620 
4, lilG 2,0~ 
4, 11145 89~ 
4,196 m 
4, 1911 1128 
4, 19ft 1,400 
4, lll6 ;. 713 
I l 

Total 

A 

(i; 

100,0I 
l01l. °' 
101l, OI 

"'(11~ 

°' °' ,ill 
."9, or 
10\I, OI 
109.1]1 
109, l]r 
100,0( 
100,0! 
Jllil,O! 

(JI llll. 
.09. Ji 
ill{/, (X 

use up to 2 a.ere-feet per acre, and that beyond a. us 
of 3 acre-feet per acre1 the increase in yield was so sma1 

as to be negligible. On the ha.ms of these da to. a: 
estimated unit consumptive use of 2.5 is proba bl. 
near the truth. It is believed that the error of th 
average consumptive use is not more than 10 perCf'll1 

Estimntes of the consumptive use of a.lia.lfa a.re subj<'<' 
to a larger error. An analysis of the relation of nlfolf, 
yield to the amount of irrigation water usedt based oi 
many years of experimental work in 'Mesilla. Valley a 
reported by the New Mexico Agricultural Experimen 
Station and Bureau of Agricultural Engineering er 
seems to indicate that a.lf alfa yield was not increns<'• 
much, il at n.11, with increase in amounts of irrigot.io; 
water be;yond 4 a.ere-feet per acre. All the de.ta pub 
lished about the more recent work on the oowmmptiv 
use of alfalfa, as summarized by Prof. A. S. Curr) 
would seem to give no basis for concluding t}v ;('], 

was increased with increase in consumptive us, 1, 
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5 acre-feet (60 a.ere-inches) per acre. The chances a.re 
"Obsbly equal that the consumptive use of alfalfa may 
~ ,. t Je.a~t })fos or minus 20 percent from the average 

N .mptive use based on the experiw.ent&l work for 
< ,:;,o.ditions. 

There are but few Mperimenta.1 data in New Mexico 
to form the basis of estimatir.g the unit consumptive 
use of crops other than alfalfa, cotton, fruits, pasture 
and vegetables. 

Estimates of Valley Consumptive Use.-The crop 
areas showu w table 94, which are based on Bureau of 
Reclamation records, are reproduced in table 96 vdth 
minor modifications to correct for duplications of some 
crops. It is important to note that the sum of the 
17-year average areas for alfalfa s.nd cotton {47,401 
acres) is over 75 percent o{ the average cropped a.rea of 
62,850 acres, and that cotton alone represents more than 
50 percent of the cropped area on the average. During 
the 5-year period 1928 to 1932 more than two-thirds of 
the cropped area was in cotton. 

The unit consumptive use for alfalfa, cotton, and each 
of the other six groups of crops as used herein, is shown 
in line 3 of table 96. The experimental data described 
above have been used as a basis for the unit use esti
mates. The estimates for forage, fruits, pasture and 
miscellaneous crops, shown in columns 5t 61 8, and 10 
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respectively of table 96, are based OD experimental work 
in other Sta.tea as well as New Mexico. They may, 
therefore, be less reliable than f!1;, estimates for alfalf e., 
cotton and grai"~· 

Baeccu on A net a.nnual use, by alfalfa, of 4 acre-feet 
per acre e.nd by cotton of 2.5 (the a.mounts used in 
table 96) these two crops (as an average for the 17-year 
period) used nearly 82 percent, or more than four.filths 
of the consumptive use by all crops. It is, therefore, 
evident that the selection of unit consumptive use 
values for these two crops is of major importance. 
Cotton alone used an average of more than 81,000 acre
feet, which is 47 percent of the total a.mount used by 
all crops. 

An error of 15 percent in the consumptive use by 
cotton would make an error of 7 percent in the use by 
all crops; whereas, an error of 100 percent in the unit 
value for pasture or vegetables would make an error of 
only 4 percent in the use by all crops. The use by mis
cellaneous crops is negligible. 

Column 11 of table 96 shows the amounts of water 
consumed on cropped ]and. The average for the 17-
year period is approximately 173,000 a.ere-feet; in 
round numbers the maximum is 205,000, and the mini
mum is 126,000. The ma.ximwn is 18 percent higher 
than the average, and the minimum is 27 percent lower. 

ijLE 96.-Amounts of water in o.cre-feel. consumed by Mesilla Valley crop, a, utima.ud by multiplying aaaumed unit comumptive uae by 
the acreag~ of each crop MCh year from 1919 to 19!15, inclunve, by intefration method B 
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Because there can be no precise selection ol unit 
consumptive use amounts applicable to a large v-eilley 
such as the Mesilla. Valley, two additional sets of 
uswned values ha.ve been iaelected and crop consump· 
tive use determined each year for the 10-year period 
ending 1933, u shown m tables 97 and 98. The 
assumed unit consumptive ~ fOr alfalfa in table 97 
is 3 acre-feet per acret a.n.d in table 98 it is 5 ieet, thus 
being three-fourths and five-fourths of the amount 
assumed in table 96. For cotton1 the amount in table 
97 is 2.0 a.cre--feet per acre, and in table 98 it is 3 feet, 
being four-fifths and six-fifths, respectively, of the 
amount used in table 96. Dill'erences for other crops 

'ion 

&Te of mm.:0:ir impm-ta.nce an« Cl!li&-be com pa.red w . ri.e 
ta.hies. 

In order to make the re&l:lts of the analysis in 
97 and 98 strictly compe..rable with those of tab,. ,, 
the same 10-year period must be used. The average 
crop consumptive use for the Valley lands on the basis 
of the IO-year period 1924-33 and the unit coDSumptive 
use values in ta.ble 96 is 193,548 a.ere-feet. This is 
25 percent higher than the average of 154,740 in table 
97 and 17 percent lower than the average of 233,090 
in table 98. 

It is probable that the inflow-outflow method is more 
reliable for Mesilla Valley than the integration method. 

T.uiu: 97.-Amounts of water in acre-feet con.,uined by MeaiUa Valky crop3 for fM JO-year pmod 1924-55, btued on low utimatea of unit 
comumptive we cu ahown in column, S to 10, indunoo, by inugrotion method B 

Crop a11d oolt W1e (c) 

Year ltfflll Alralf& Cotton Farace ll'rolU On.Ills Pasture V11$1ables .Mllloell&- Total ct'Op 

lllllOWI 
UBe (K,} 

a.o 2.0 3.0 u 1.5 :u u 2.0 

{I) Cl) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

1924 •••• ---·. ·-· ................. -·------ ·-. -----. (a) 15,3-14 :». 04g 2.5M Mi 2,183 3, :WD 2. 545 0 
(ca) 46,002 !6, 098 7,ll& 820 3,274 8,860 3,818 0 1:18, J567 

11125. -- ·-· ···--·----·· •••••. ------···········---·. (8) xa.oes H,488 l, 11211 801 2,330 1, 700 2,1181 0 ···-· ue, 5111 (ca) 39.20! 82,976 4, 1187 1, :lei a.,~ 4,257 3,871 0 
1926 __ •.....••••••••••••.... - - • ------------ - - ----- (a) 13,663 43.860 910 70! 3,418 i02 3,768 2,502 

(ca) 40, gsg 17, i%1 2, 7J-O l,OSI S, 127 2, :i.s-0 S.M:I 4,004 150,~ 
11127 - --·-· •• - ·-----·- -••••••• -·-···-------· ··----- (&) 14.1174 "3.430 l, 2Zi 43V 6,'55 1,310 3,426 0 

(ra) 4',1122 @6,860 3,681 6511 9, 1182 a,• 5,139 0 1K,222 
11128 •.•••.... --··· ••••..••. ··----·----- -- ... ··--·. (a) 10.m 57. 220 m lllll 2,320 1,331 2, 7'0 0 

(ea) lll,286 114, ffO 2,776 297 3,4811 3,330 4, llO 0 llW, 7W 
19211 •• ----- -··-----·· ••....•• ·----· .... -- ----••.•. (8) 10,667 :.8.815 1,048 550 l,~ l, 012 2,439 0 ····-····~ (CB) 32,001 117, !li30 3,H4 1175 2,186 2,630 a, 1558 0 
1930. -----. - • ------ •••.•..... ····---------· •• -.... (II) 12, 1127 NI, 619 l, 1184 1148 3,377 787 a, 1o::i 0 -·· (cal 38,781 107, 23S t, 762 322 5,0M l, 11117 .. ~ 0 
11131 .•.••••.... --································· (a) 14,715 47,106 1, 7IIO MV 7,C93 8!19 2,826 0 ...... ~ 

·-~ .!3 (cs) H,145 H,212 6,280 1123 11. 239 2.m 4,239 0 
11132 •• ·-· •.. ···········-····· ·----- ------. - ...••.• (a) 14, 783 42,271 3.1505 389 7,818 1, llG6 4,212 0 

"'' '-= :\:'::: :::::::::::::::::::::::::::1 

(CS) 44,34.g M,,M2 10, &15 583 11,727 4,915 11,318 
4,485. 

162, V..9 
(a) 12,807 42,643 4,284 311 8,075 l, 1195 3,632 

•• 1114, 84~ (ca) 118,421 85,286 12,852 4Ge 9,112 4,240 6,298 a.wo 
(a) 13,337 45,950 l, 1133 41il3 4, 2112 1,512 a. m I 1199: 
'cal Ill. 011 QI. 900 7, i98 HO ti3S 'l. 7SO t 576 1.398 1.54, 740 

NOTE.~uthe product ofunlt oonsumptiYe use {c) In acre-feet per a.ere by area {a) ill lCl"IIS•oonsumpt!ve we ill acn;-(eet. 

TABLE 98.-Amounts of watu in acre-feet con&u1Md by MeriUa Valley cropl! for the JO.year period 19f4-S9, bal!ed on high utimate3 of unit 
comumptfoe me a& 11hown in column, 9 to 10, ineltml!IJ, by integration method B 

Crop ud lllllt we <cl 

Year II.em Al!alf& Cotto11 l"Ol'fl.lle l"l'ult.s Oniiru l'ut.11re Veptables Miscella- Total crop - use (Kc) 

5.0 3.0 3.5 2.0 2.0 3.0 2.0 2.0 

(1) (2) (3) (0 (~) (6) {7) (8) (Ill (JO) (11) 

lV'l·L •.••••. ~ 9 m- -~ -m ---------- -- ---~ -------- B ---~ 
(a) 15, 34' 211,0CD 2,5M J Mi 2,183 3,549 2,M~ 0 
(ca) 76, 720 117,U? 8,942 1,004 4,366 10,647 6,090 0 1V1, 006 

1925 •• ------ ..... -- -------· •..... ·········-·· ..... (a) U,, IJe8 41,488 1,t.29 801 2,~ 1,7m 2,581 0 
• 211, G8ll (ca} &,340 ffl,464 6,352 1,002 4,000 4,100 4,162 0 

1926 ...•.. -- ·-· .. -- -------··· ••....• ···--···. ----- (a) 13, 11113 ",l!lll(J 1110 701 3,U8 902 3, 7llS 2,002 
(ea) 1!8,115 m,680 3,185 1,402 &, 836 2, 7(WJ ,.~ &,004 m.~ 

11127 .•.... ·-. ····-. ---- •••..... ------------ -...... (a) 14,974 "'430 1,227 "39 G,455 1,310 a, (26 0 
(cal 74,ll70 l.30, 2IIO .. ~ 878 12,910 a. goo 6, 8.52 0 234,024 

lf/28 ..• ----- -· .. -- ------- ..• --•....•••.••••••••• "(a) 10,422: 67, ZIIO UI 1118 2, 5112 1,331 2,740 0 ------.. --~--
(ea) 112,110 111, eeo 3,237 306 5,164 3, 1193 6,480 0 342,040 

19211 ••• - .•.. ····- .. ·····--· ••.••..•••..... ···----. (s) lll,GG7 fe,815 1,048 050 1,444 l,Ol2 2,439 I) ····-~550 (ca) U,33-5 179,445 3,G88 1,300 2,888 3,036 (,878 0 

llil30 .. ···········--············-·-················ (8) 12,ffl aa, a1g l, li84 :M8 3,377 7117 a,100 0 
(ca) M,4135 ltlO, 857 1.14' Gll!l 6, 71W 2,381 6,206 0 M7,0S3 

11131 ••• ···--··· .............................. ----- - (a) 14,715 47,106 l, 7IIO 549 1,(9:! Ml D,826 0 •••• 115,396 (ca) 7a,6'1'5 Hl,318 G, 11111 l,W8 14, 11116 2,007 6,&2 0 
lQa:z ••• •••••••••••• ••••••••••• --------- - - - - ••••••• (a) 14,783 42,271 1,1105 m 7,818 1,986 4,212 0 -··-· 143, 731 (ca) '13,915 lllll,813 12, 2117 m U,l!U ,.,. 11,424 0 
11133 .... ····--·-··-····------- •••••••••••••••••• --- (a) 12,807 42, &13 t,384 1111 11,IYM 1,885 3,&'12 C,486 

(cal M.085 137, 11211 14, 51 1522 12, lsel 4,085 1,0M 8,970 :MO,M9 
= 

A ''Cl'IIIIC area..··-··········· ................. (al JS,337 4A, !ISO l,&133 493 U18 1, 5]2 3,117 111119 . .. 
. A verap use ..• ·······-····-········-----··· (ca} 88,Clll5 117,830 6,78$ 987 l!,113:1 4, 1537 6, :134 1, 3119 

NOTll.-• IJl.• product of lllll& CGIIIIIDlptlva DIIII! (c) ill _.feet Pl!' IMll"I! bJ llnlil (1) ill 1141n1•-.umptlve IIIN! in -111e,i. 
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I I: this be true., th6 mm amounts for consumptive use 
given in tables 96 and 98 8J'e closer to the true amouIJts 
for the Valley a.a a. whole than those of table 97. This 
me&I:'I.FI that the estimates of 3 acre-feet per acre for 
a.Ifill a and 2 a.cre-f eet per a.ere for cotton a.re too low ; 
whereas, writ co:osumptive values for alfalfa from 4 to 
5 a.ere-feet per acre and for cotton of 2.5 to 3.0 acre
feet per acre give results for the Valley consumptive 
use closer to those obtained by the inflow-outflow 
method. 

Combined Consumptive Uses.-In table 99 the 
results of the integration method for agricultural crops, 
ta.ken from table 96, a.re combined with £stiul9.ted 
evaporation losses from fa.llow la.nds1 use by :native 
vegetation, and evaporation losses from bare lands 
and from water surfaces. The term "fallow" is applied 
t.o the land which is classed by the Bureau of Reclama
tion as irrigated but not cropped. The area is relative]y 
small, and it is assumed that this land sustains an evap
oration Joss of 1 acre-foot per acre per year. Other 
BBSumed unit amounts in table 99 a.re trees, 3.5; brush 
and grass, 2.5, and bare land, a depth equal to the 
a.nn ual r.e.in.f all. 

The water surface evaporation (E"') is based on 
actual evaporation measured in a standard Weather 
Bureau evaporation pan at State College and taken 
as 0.7 of the a.mount for each year. 

Column 8 shows the consumptive use (K) in acre
~eet by the integration method for Mesilla Valley. 
There is relatively little variation in the amounts of 
column 8, the maximum being only 6 percent higher 
tha.n the average, and the minimum but 9 percent 
lower than the average. 

".'~e 1ctua1 ,ari~tion :n "lie ·~onsumnti,g. '1se :rom 
year .t-0 year is perhaps greater than the d~ta of column 8 
indicate becau.sa there is variability in the unit amounts 
consumed per acre hv the different crops, whereas 
column 2 of table 99 {the major single item in column 8) 
is based on the assumption that the consumptive use 
of ea.ch crop does not vary from year to year. 

It is of interest to note that the average by integra
tion method B ( table 99) for the 17-year period (297,291 
acre-feet)t is almost the same a.s the average for the 
sa.me period u found by inflow-outflow method A, 
which is 2971756. as showu in table 92. 

On the basis of the estimated amounts of consumptive 
use for various types of land as shown in table 99 
(made by method B), it is apparent that 93,587 acre
feet of water estimated to be the average amount con
sw:ned by the native vegetation from 1919 to 1935 is 
approximately 31 percent of the average total con
sumptive use (K) of 297 ,21H acre-feet. 

The average use by all other classes of la.nd as shown 
·'"l table 99 (method B) .is 203 1704 acre-feet. If this 

nount is subtracted from the average consumptive 
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Tau: 99.-Conaumptive u.,e of waur in Mesilla Vc:iluy, N. Me:x. 

and Ta., cu determin&l by integration method B, 1919 lo 1935 
focll.18i11e ' 

C-011sum plJve u.<e ID ai:re-lect 

Native Vlll!1!lll· 
Ylllll Cropped Ji'llllow Uon (K.) Watwl l'l.ue Total 

land lllnJ 3:1:'f.ace I.arid UH 

K. Kt Brush E. E, K Tn!e.s IIDd 
l!f&ll5 

U) (:l) (3) (4) (5} (G) (7) (8i 

----------
1919 ................... 12'~. 711 3,l'IW .$7,315 &'I, 203 88,~ 2,820 310,983 
1920 ••••.•••••••••••••• 126,813 2,4M 66,aM IM, Wll 37,400 2,Be2' 310,750 
1921. .•••••••.••••••••• 131, ffll &,073 &2, nB '18,295 37,llOO 2,672 308, ll9 
11122 ..•••...•••••..•••• 132, 2llli 3,361 li.5, 1148 82, 1198 39,300 l,flM 31~,70, 
1023 ••..••••••••••••••• 1.IW,1116 3,11/12 &1,448 '19,2115 lU, 920 3,820 31S, l3<l 
lf/~1 .. , .•••••••••.••••• 161, 76f/ , ~! J~-4 44, l70 115,630 19, 7,l() 1,095 2911, 108 
1112.1 •••••••••••••••••.• 11~.:m i ,,, .,;, lil3-0 50,268 18, 2:l() 2, 730 2114, 951 
111216 ................... ISR, 807 t\ t-'s• . ;1, 1133 U,437 17,880 6,020 2117,5117 
lffl ................... 193,619 2, 05:J i 31, 2IWl 40. 382 l9, 450 3,310 2115,9&) 
lfl:lll ••.••••••••••• ••••• 21(1, 821 89b ?.8, H3 U,765 111,000 3,270 293,Stw 
11129 ................... ~.m fl',/1 27,332 40,MS 18, HO 3, 2:l() 2113, 9:19 
1930 ••..•••••..•••••.•• aot, 78S 4128 27, l'SII U,%.ffl 19.~ 2,UO 2IIC, 312 
1931 •••..•••••••.•••••• :m.,m l,400 27,388 40,e32 lfl,260 4,630 295,552 
11132 ••••••••••••. ··-··· 202, m 1,773 27,405 40,MS 23,400 3,000 200, .95 
11133 ••••••••••••.•••••• :!Ill, 4.13 1,229 27,003 40,060 24,420 1.~ 29,5, '/91 
11\34 .•••••••••••••..••. m.llM 3, 7158 26,138 38, 773 2:1, 20() 1,613 271,436 
111:M ................... 1511, 1124 3,&118 31,W7 47,04.0 24,010 ~431) 270,679 

= 
2, 1164137, IW5 a.s.~2, 24,6.'58 a'.ooo', 19,, 29! .Avlll"llp ......... l'r.1, 0112 

Peroentage •..••. 68. 2 1. 0 12. 7 18.8 8.3 Ul 100.0 

UBe (K) of 297,756 acre-feet e.s determined by method 
A (see table 92), the average consumptive use of water 
by native vegetation is 94,052 acre-feet for the period 
1919 to 1935. 

Method C (based on Hedke).-A method of estimating 
consumptive use by means of a study of the heat 
units available to the crops of a particular valley has 
been suggested by Hedke (25) (26). This method 
assumes ths.t there is a linear relation between the 
amount of water consumed and the quantity of avail
able heat. 14 The assumed relation. 1n mathematical 
'.anguage is as :·ollows: · • 

U,=K,, (QA)l5 

Hedke found the magnitude of Kh to be 4.23 X 10-• 
for the Cache La Poudre Valley, Colo. For the 
crops grown on the Rio Grande Project he found, in 
1924, a total heat requirement of 6,800 day-degrees 
(26), and a corresponding total valley water con
sumption of 2.88 acre-feet ''per cropped acre." 

" Tlle appllcatltm of the dlreei ml&tlon between water const1.1I1ptlon and avllllable 
.._... IJl'llP<INd by Bedlte, to a valley In which tba &lflcul&u.m.l pn.ciiCl!JS an or a hl1h 
JRDdard, ap.-n to 11ec111111Uate tba ronowms: asmmptlom: (JJ That the heat con· 
81:1.-1 by a ~ crop, during my d&7 or other time period, Is determlnod by 
the 11m111mt or heat 11V1Lllable to the crop above the 181'ZWllatiD1 or minlmlll!l llfllWllli 
t.&I~; (2) Tl!N lllldtt favomble agricultu.ml practlam, ea.ell crop lllmSUJDi!S 

nt« iD dlnct ~ to the bmt avlillabll u dwed; (I) That the lO!II oumld-1 
an 11bwdantly supplied with momt11r11 and plant-food ao that the yield of a mp 
w:Dl bll llml.ted GDly by the ILDIODllt of ~t 11valla ble; (t) That the ln1ilmlllll of varia
tlm!J iD wiDcl Yelooity, 1'1!.latlve .lm.midltJ, aod vapor prmm,e OD ClC!Ufflllp&ive me 
aiftler 11nnillltfnlymiall III comPlnd to tbel.nJl.ueoce of available beet (25, p, 1366). 

u The IIJ'lllball med by the Com.mittaB or the Amfllillll.ll Society of CJvil E!lllneen 
m ibJ3 eqDllticm • mbo from~ 25, p. 13118. Tht meim.1q or each symbol 
followl: U, • nll,ay CICIIIWllptive o,e, ~ .. QUIDtlty of available hat ID day~. 
K1•ibe Blldb eoefflclai:it. Thll mbicrlpt "A." ill added to tl:le KID llel'ln.llce 25 
to d'srfnlPll!b Bedb'a coefflclcmt from lbe consurt1ptlve me (K) Uillld by Bureau 
otA.~~-
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The constant K,. was evaluated on the basis of only 
two years' (1916 and 1917) netuoJ measurement of 
volley consumptive use in the Cache La Poudre 
Valley. For what he designated the "normal year", 
Hedke found the consumptive use to be 2.03 acre-feet 
per cropped acre. 

The normal nm.fall in Cache La. Poudre Valley is 
1.16 feet, a.ooording to Hedke. Of this normal a.mount 
he considered one-half "effective/' and, therefore, a. 
part of the consumptive use. 

Relation to Mesilla Valley-It is perhaps impractical 
to use the Hedke constant Ka evaluated on the basis 
of the Cache La Poudre Valley studies, to estimate 
closely the Valley consumptive use m Mesilla Valley. 
Reasons for this statement are: 

a.. Hedke used only one-half of the rainfall in evaluating his KA. 
b. Probably 75 to 80 percent of the Cache La Poudre Valley 

land was cropped in 1916 a.nd 1917; whereas only 00 percent 
of Mesilla Valky area was cropped from HH9-35. 

c. The cropped area of 225,000 acres for Cache La. Poudre 
Valley is probably too la.rge. 

d. Not all the Cache La Poudre Valley outflow was actually 
measured in 1917. 
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(/) 

ILi 
ILi 
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1-

4000 ~ ::::c---+---~----+---.1----....I 
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3000~ ..J---+--.iil'----!-----&.---.1----....I 
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2000 

1,0 

VALLEY CONSUMPTIVE USE 
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2,0 3,0 4.0 5,0 

Bio Gro:nde Jow Im:. on 

e. The Caehe La Poudre Valley studies did not oontinu, 1,: 

enough to give results comparable to .the_ direct mc:u;i!r, · 
meat.a of consumptive use in Mesilla Valley-:- · 

A direct application of the relation of available J 
in Mesilla V~y to consumptive use of water dm 
the period 1919 to 1935 has mi.abled the Bureau to 
evaluate new ~ta for the Hedke equation. 
The estimated minimum growing temperatures used 
for various crops were: Alfalfa, 33° F.; cotton, 48°; 
forage, 44°; frui~, 46°; grains, 44°; pasture, 33°; 
vegetables, 40°; miscella.neous, 38°. 

The average quantity of available heat (that is 
Hedke's "thermal location") for the 17-yea.r period, i~ 
61200 day-degrees. This is 9 percent lower than the 
quantity found by Hedke in 19241 but·is based on much 
longer therefore a.nd more reliable records of Mesilla 
Valley crop production. 

In figure 91 the quantity of available heat Q11 is 
plotted against the Valley consumptive use in acre-feet 

per acre irrigated (f) as determined by infiow-out

fiow method (table 92). The Hedke constant resulting 
from the straight line curve of figure 91 is 7.3x10-,. 
or 0.00073. 

In figure 92 the available day-degrees of heat eoob 
year are plotted aginst the crop consumptive use per 

acre of cropped land(~:) as determined by integration 

7000 
I.I,: 

fl) 
uJ 
l.1.1 

6000 ~ ,r--.-
:J,J 

0 
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5ooog 
z 
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4000~ 
::c 
uJ 
..J 

3000 ID 
ct 
..J 

i 
2000 ct 

VALLEY CONSUMPTIVE USE 
IN ACRE-FEET PER ACRE 

0.5 1,0 1,5 2.0 2,5 

0 

3,0 

l'louu 112.-K..m& Vlllley eommmpth11 DIii, mlllhod C (a.fl.Ir Blldkl), 1.11111 to IIW. 

1-doncrop ~111-1,W a:opped-(~;). 
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I 
W cuer Utilization 

method (tables 94 and 96). A straight line through the 
•. ~;-:-\a and the pomts thus plotted, gives a. value of 

, .. qua.I to 4.4 X 10-4, or 0.00044. 
Application to Middle Rio Grande V&lley,-For ilic 

iddle Valley Hedke found the available heat to be 
6~ day-degmes, the u.me amount found herein for 
the Mesilla Valley. The Bureau's analyses 18 for the 
Middle Valley are based on an average minim.um grow
ing temperature of 40°1 asa-umed to be the average for all 
crops, and on mean monthly temperatures at Albuquer
que, N. Mex. On these bases it is found that the 
average heat available is 5,600 day~egrees. With this 
quantity 'of available heat, and on the basis of Mesilla 
Valley consumptive-use studies during a l 7-year period, 
as shown in figure 91, the Middle Valley consumptive 
use (based on method C) would be 4.1 acre-feet per 

irrigated a.ere ({). Similarly using results shown in 

figure 92 the crop consumptive use per cropped acre 

(f) would be 2.5. The latter value compares favorably 

with results obtained by method B in Middle Valley 
which range from 2.41 acre-feet per acre in the Cochiti 
division to 2.73 acre,.feet per acre :in the Belen division 
(tables 68 to 71). 

Condufon Re1udJna: Methods 

The inflow-outflow method is probably the most reli
.. J.ile method of estimating consumptive use in Mesilla 

~ey. However, if based upon careful estimates of 
... t consumptive use by the principal agricultural 

crops (now alfalfa. and cotton) and native vegetation, 
and upon an accurate distribution of their acreages, it is 
likely that the integration method will produce sa.tis
:a.cto1; :-es~ts. 

11. These 11.EWYIIIIS of Middle Valley are of II prellml.lw'y Datu.re ol:lly. 
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Further and more compreheMive :;;,,1;1arch :into the 
relation of available he1tt tc consumptfve use of water 
must be N·"'";'2d .:.ut to make the Hedke method com
parable in accuracy and reliability to the inflow-out.Bow 
a.nd integration methods. 

Ceuumptin, U11e In Mesilla VaDey Area, 1936 

The consumptive use of water in the Mesilla Valley 
area was determined by both the inflow-outflow method 
and the integration method, as follows: 

Injlo'IJXYldjlow metlwd A.-The Mesilla Valley area 
was chosen fort.be 1936 study of consumptive use and 
stream-flow depletion because of the availability of 
reliable infiow and outftow records for many yea.rs, and 
for other reasons discussed on p. 379. The area as 
mapped by the Bureau of Agricultural Engineering in 
June 1936, has a total area of U0,418 acres and an 
irrigated area of 82,923 acres (table 10117). 

The equation K=(l+P)+(G,-G,)-R was used in 
computing Valley consumptive use (p. 347). By defini
tion (p. 346) the items in this equation a.re for a. period 
of 1 year. However, monthly values are used in the 
1936 computations for the sake of greater accuracy and 
to show the seasonal variation. 

Infiow.-The .inflow (I) for Mesilla Va.lley a.rea :in
cludes the Rio Grande inflow at Leasburg gaging station 
plus in.flows of lm'Oyos between Leasburg and Cour~ 
chesne (El Paso). These measurements were made by 
the Bureau of Reclamation. .The arroyo infiows a.re 
relatively small (table 100). 

l' Thb Is tbe-aed!oII of the Lonr Valle:, 1111 &.llllt a1i1K1 il:I the IUlll to U13Utudllll, 
but the total area of t.111 traet is t.ll::e.ii as mapped b:, the Btll88tt ot Apicultnral 
t~ In llil!a, rather t.lw! lW,000 aaes u J;)l"ev!Otl.lllJ repon.ed by !he Bureau of 

. 3.l>ciamlltlon. , :!owner, :he difference L:l ad'lli!,lf8IS lll relatli,ely so smaJJ tba, either can 
Je 118!<1 Wlt.bOllt ~ the imlt conswnptiYI use Qcw'es mare tlwl II r.w hllll• 
dmths, The l1ilil6 ~ Ml f.hen!Ol"II eom(lerable with those for previous years. 

T ,UlLll: 100.-Consumptwe me of water in the Mimlla Volle, arf!4, N~w Mezico and Tl!:08, :J93fl baaed on in/U>'ID-Outjlow method 1 

1Au~1 Arro:,1> 
j I I p I R I o.-o. I 1-R I K 1-R K I 1-R K 

lmlow il!J!ow ~ :i7' 7 :;i 

Pmod Acre-l'eet .ure,-feet pei- acre 

(1) (2) (3) (4) (~) (G) (7) (8) (II) (10) (11) (12) (13) 

-------------------------
ey ::::::: ::::::::::: ===:::::==:==== :::=== 

11,800 0 11,llllO 7,180 8. 800 +a.:uo -4,800 6,eGO -0.06 0. 07 -0.M o.~ 
U.,MO 0 13,640 l,fltlll 10,700 +1,eoo 2,8'0 G,100 .03 .07 ,03 .00 
Ml,M.0 0 15(), 8'0 I., :ioo 28,too -11,810 21, <&ta 19,JaO .2111 .23 .lG .18 

~:·::::::::::::::::::::::::::::::::::::::::::: 93,MO 0 913,SM 880 Ml,800 -II.NI -CZ 700 18,6'0 .112 ,Ill • 311 .30 
811,&50 8 1111,838 4,0MJ 112,600 -3,110 27,l!M 211,1.111@ .33 .84 .25 .~ 

1m:1e •••••••• ·- .................................. 1~200 4 105,304 2,300 112.800 -1,MO, 42,ll()C a.ou .61 ,62 'l!8 .39 
Jul)' .... ---··· ......... -- ··-·-····----........ -· 122, eGI) - 1211.:aw 11,800 7e, 600 -l,880 46, 'l'lil9 M.11811 -~ • 6(1 .,2 .15() 
..l.~t .......................................... 122,UO ., 123, lilO 14,080 711,700 -8.310 '3,490 IW,lllOO ,62 .~ .111 ,49 

e;::::=:=================:======== ==== 

Gl,ll20 112 511,832 22,840 al,600 +4, 1ml 13,332 40,8'2 .16 • {II .12 .17 
12,170 0 12,170 2, IIIO 27,800 +t, 1ml -,5,eao 2.lll80 -.07 .03 -.03 .02 

11,03:l 0 11,03:l 10, 1:.10 12,000 +4,DJ -3,'80 111, llGO -.CH .16 -.03 .12 
7,000 0 7,000 6,430 ll.000 +1,aoo -6,(00 2, OIJO -.116 .m -.06 ,02 

Total ......................... ,..,. ......... ... 2,M:J Clll6,I03 82,180 471,800 0 221,500 a.m 2.67 a.ea 2.01 2. 75 

1 Al~ b7 l1"111111Q al~ E~ ffoll:I ID.llow (I); pndpl1&tlo11 (P); lltlillow (R); d.ifflnl!llll m IJOU,D.d-water li(ll'lp (G,-G,); ~-&lw deplt,tlOn 

,.,., (1-R) . (J-R);nlJt:r-pl.i'l'IIW1111(K);lmptai1-(A1)•82.lm -.s; ..,....a,ea(AJ•UO,fflMna; atNem-llowdeplatlou per .lmptedAllrfl 'Ai" 1111dper acre for ailn llfea 

(I-!!) OOllffllllPthe 1191 pa" Jnfpted aori, (xJ and per acre kif IDl.lre 111'1111 (v. B:, deb!tlou thlliN ftam, are a.Diiual amountii. Tile monthly lncrementa 111'9 abow:u 

'atJcms to 11.lufflaie metl:lod of-.puttnr. 
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Precipitation.-The qwmtity P is t~ proclud af 
precipitation in feet times t.he nseo. of the. Va.llt>y 
(110,418 acres). Records for the entire year are mi.l~ 
available for State College and El Paso as shown in 
table 90. These were used together with records for 
part of the year from the stations established by the 
Bureau of Agricultural Engineering late in May 1936 
(table 91) a.t Leasburg Dam, Mesilla Dam, La Union 
and Berino.11 

Outfiow.-For the quantity (R) only the discharge of 
the Rio Grande at Courchesne (El Paso) gaging station 
need be considered. Records of these measurements 
were furnished by the International Boooda.ry Com
mission (table 100). 

Ground-Water Storage.-The amount of change in 
ground-water storage (G,-G,) is estimated from 
monthly well records furnished by the Bureau of 
Reclamation and an assumed specific yield of 15 percent 
(p. 347). 

Results.-The results of the 1936 consumptive-use
of-wa.ter and stream-flow-depletion studies, together 
with the monthly values for the various items used in 
the computations, a.re shown in table 100. 

The total Valley consumptive m.e (K) for the year 
1936 is 303,683 acre-feet and the stream-flow depletion 
(I-R) 221,503 aere-feet. These a.mounts agree closely 
with the 17-yea.r averages of 297,756 a.ere-feet consump
tive use CK) and 217,019 acre-feet stream-flow deple
tion (1-R). 

The consumptive use on an acreage basis is 3.66 acre-

feet per irrigated a.ere (f} and 2.75 acre-feet per acre 

:or ~ntire :1rea. ( ~J- -r:ue ~~e ~a.Jues ,:or -~he : :-year 
period shown in table· 92 are 4.52 and 2.75 a.ere-feet per 
acre, roopectively. The increase in area. of irrigated 
I.and in 1936 over previous years accounts for the lower 

yaJue of (f) in 1936. 

The stream-flow depletion is 2.67 acre-feet per a.ere 

irrigated ( /A~) a.nd 2.01 acre-feet per a.ere for entire 

(/-R) area -:;r- · 
Jnugration Method B.-The acreages of the different 

types of land mapped in the Mesilla Valley area. by the 
Bureau of Agricultural Engineering in 1936 a.re shown in 
column 2 of table 101. Two sets of unit· consumptive 
use va.lues for various types of land, estimated from 
previous and 1936 experiments in the Valley, are shown 
in columns 3 and 5 for the purpose of comparison. 

The unit values shown in column 3 a.re probably more 
nearly representative of present use of water in the 
Valley th.an those in column 5. The average con.sump-

11 Obllirntlom m&da throQCl:I the ~ or L. R. J'locll:, supes:mtendl/lllt, ud 
W. F. Raoll, b:,dn)cn.phlsr, Rlo On.ode projact. 

hio Gram.de, Joint 1, 1twn 

th-e use of 2.75 a.cm-feet per acre for the entire \":J,, \" is 
the. sron~ 6iS the a.i.1m:rnnt determined by the ;.--'"' ,1·
outfiow method (ta.ble 100). By deducting the J 
precipitation from the average consumptive use . .,), 
the stream.flow depletion would appear as a.bout 2 
a.ere-feet per a.ere or approximately the same as that 
obtained by the i.nfiow-outfiow :method (table 100). 
The average use for irrigated cropped land amounts to 
2. 79 acre--feet per a.ere (column 3, table 101 ); while the 
use by native vegetation averages 3.27 a.ere-feet per 
a.ere. 

TABLE 101.-Comumptive uae of waler in Me1Jilla Valley area, 
New Mai.co and T=, as utimated by inlegration method, 
u.aing different unita, 1936 

1936area I Consumptive USI" , 

l,11nrl cla.s.•Jflcfltion (a) (c) (cal (c) (!:a) 

Acres .Acre-feet Aert•feet Acre-feet .~Cr!'-f.,.t per acre per acre 

(I) (2) (3) (4) (5) (6) 

------
!nipted crop,i, 

Alfalfa aDd clov!'I' ••.••••.• n,rm f_ l '70,010 4.0 6&308 
Cotton ••••••••••••....... _ M,513 :u 136,282 2. 5 1311, 282 
Native hay and lrti&ated 

~emow·ciops~:::::: 216 2.5 540 2. 3 49i n. 111 2.2 2'.4~7 2. 0 2:!,234 ------------
Entire area .•..•.•••••••. S2. OZ! 2. 79 231. 295 2. 74 227,321 

Nathe vi,ptat!on: 
Ol'IL!IS ••••••••••••••• -· ---. 2. 733 2.5 6, ll33 2. 3 6,288 
Bmsb ••••••••••••.•••.•••• 6.111:1.1 2. 8 19.412 2. ~ 17,332 
'l'n!es-Bosqu~. -· ... -·---- 3.1132 4. B lll.9M 5.0 11,56() ---------- -

Eutlre area .•••.••••••••. 13. 1118 3. 27 43. 1!111 3. l3 78 
= ---= = "" Mlacella.neou~: 

'l'ffllJl(lmril:v out of crop· 
PIZ111 ••••••••••••••••••••• 5.1569 1.0 5. 5otl9 l.S 8,"4 

To'WllS. ••••••• ·----- •• -·-· 1.523 2. 0 3, 0.6 2. C 3. 046 
Water smi-5, pooled, 

river, and canals ......••• 4,081 4.5 18.3114 •• 5 18.31\4 
Bare 18.lld, ro,ds, ~tc •••••• 3, 12-1 .7 2. 187 .7 2.187 

;'ptal I entire area)_ ••••• llO, ~18 .:.. ,., ~o::. 100 ! ' -~ ;oo. 550 

' ca-the product or unit oonsumpt!ve ma In acre-feet per Bcre (c) times area In 
a.cres(al. . 

Soil• Molature Stud!es
A,rieultural Crops. 1936 

In recent yea.rs, by far the most extensive crop grown 
in the Lower Valley has been cotton. Alfalfa. hn.s occu
pied the next largest a..rea. These two crops v:ere 
chosen, therefore, for the studies of consumpth·e use as 
measured by soil-moisture determinations on selected 
plots. 

Soil-moisture studies, centered at State C.Ollege, were 
carried on in cooperation with the New Me:rlco Agri
cultural Experiment Station. Field plots for cotton 
experiments were selected a.t three locations: Agronomy 
fa.rm, field EC, and field 9W. Suitable sites for alfalfo 
studies were limited, oo the only plot selected was on 
the borticultura1 farm. Soil-moisture determinations 

· were made in the college laboratory by standard 
methods, by the Bureau of .Agricultural Engineering. 

Soil samples were taken from each plot by Ir )f 
a V eihmeyer-type soil tube, before a.nd after ea.c\. _.id 
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tion. From ea,c.h hole seYen ss.mpl~ wm·e t.aken so ns 
to p-in: one sampfo fn;m the surfa.<,.e t.o 11 depth of 6 
ind, ;;;, the next for the depili 6 to 12 mclie&, a.nd the 

· "sl'S f.o:r 1 foot inel'emmts ~e.r to a fuia.l depth 
feet, The samples W"ae weigh~ a.nd &:...:...i in an 

... ,m 11.1 , 10° C. ud the dry weights we.re dewrmi.ned. 
Tl::, r content of a Siimple was expressed as per-
w. ·,f the oven-dry weight of the soil. From the 
m{· percentages thus obtained the amounts of 
\\'iH , acre~inches per acre removed from each foot 

were computed by using the fmmula D=~d, where 

M represents the moisture peree.utage, V the apparent 
specific gravity (volume-weight) of the soil, d the depth 
of soil in inches) and D the equivalent depth of water in 
acre-inches per a.ere. 

The average appru"ent specific gravity and moisture 
equivalent detemunations of the soils in t.he various 
field plots are shown respectively in tables 102 and 103. 

4J;!l]aN!!I! llpl!Cffie tTllVf ty 

Plot Crop 
First Second Third Fourth Filth Shth 
foot toot foot foot root rout 

----------
A ll'Ol!Olll :r farm : 

l.:W Oroup L--------· Cotton •.•• 1.31 1.38 l. 43 UKI 1.ao 
Group IL-----·- ..• do------ l.M 1.illl 1.38 1.59 l.57 l. ~7 

Field EC ••••••••••••• •.• do •..•... l.S2 1. JS 1..113 l.23 1.23 1. 23 
•· ""W ___ ........ __ ....... ~-· ••. do ••••••• 1.:HI 1.48 1.29 1.37 1.37 1.40 tQnl farm ____ Altlllla .••. 1. 3li l. 21 1.37 1."'f 1.115 1, 07 

TABLE 103.-Ruulta of mciature equioolenl determinatiom of aoil8 
in coU011 and alfalfa plota a.t Stau College, N. Mc., J9S6 

~ .'!ot ,;~p 
Fint Second Third Fourth FIith SJxth 
foot foot fool foot foot foot 

--------
~lllyl'arm: 

Group I ••••••••..• Cotton .... 28. 94 Ul.33 13.25 7.25 U& 3.17 
Group II .•.••...•• :J~·:::::: 16.32 l~. 34 11. 74 7.81 C.07 4.38 

Pleld EC ............. 18.41 lll. lB 17. 38 lUO 13.18 8.40 
Field GW ••• ----··---· _ .. do ••••••• 29.20 22.37 21.32 U.19 13.H Cl. 96 
H,,,rtlc,ultun.1 farm •••• AJfiilla •••• 23.89 31.18 13. 76 13.07 3.4& 2.8.'I 
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Agronomy farm, cotion plots.-These plots were 
located on the cotton experimental field or .the agri
cult..;:i-al college agronomy department. The field was 
divided into 74 plots of one-fourteenth acre each. The 
soil ra.nges from a. sandy loam to e. clay loam. Soil 
samples were collected from 62 of the plots a.nd soil 
moisture determinations were made. Each plot was 
irrigated with the same amount of water received by 
the others, the water applied being carefully measured 
over individual weirs. 

·For the purpose of this investigation, plots were 
divided into two groups, group I representing the 
heavier type soil and more luxuriant growth of cotton 
and group II a. much smaller plant growth on a sandier 
soil. The difference in the surface 3 feet of soil in the 
two groups is indicated in table 103, which shows the 
average moisture-equivalent determinations for the 
different fields. 

The average moisture content for the group I plots 
at various times during the 1936 season is given in 
table 104. The percent moisture loss during the 
sampling intervals was converted by means of the 

~ uJ D MVd . il • l . . 1orm a = lOO , mto so moisture oss m acre-mches 

per acre, as shown in table 105. R.ain.fall was included 
in the total loss and the use (loss) of water per 30 days 
and for the interval between imgations was calculated. 
The total use for the growing season, May 2 to October 
19, was 29.63 acre-inches per acre. From evaporation 
records the use f:rom October 19 to November 4 is 
estimated as I.63 acre-inches per acre, making the 
total seasonal consumptive use 31.26 inches for group I 
cotton plots. The average yield for this group was 
2.109 !)Ounds of seed C9tton_per S,Cre. . 

. The .:iata for group II are shown in like manner in 
tables 106 and 107. The use for the period bet.men 
irrigations Ma.y 2 to June 6 has been estimated as 2 .4 7 
acre-inches per acre. For the period October 19 to 
November 41 the indicated use based on the preceding 
period is 2.30 inches. Thus the total seasonal con
sumptive use for group II plot.a is 25.67 acre-inches per 

TABLE l 04.-Ruwta of ,oi.l ,arnpling and irrigation data, a11era,e f()T group I cot.um pl.ou, agronomy /arm, St.au College, N. Mu., ae.uon 1936 

:Way 111 ......................................................... . 

l~~~~:~i:=:~:::=i · mm~::~:::::=:::\\=::=m:=\m·: 

~l)lhof 
1-----,---.,..---,---.,....--------I Dates of lrrlp.Uon 

lnip• Wllter 

Iotenal 
between 

lmp.tions Fint6 
luehes 

19. VT 
Ill Oil 
2:'l.112 
13.03 
311,,W 
H.711 
32. i!ll 
12.08 
82.87 
lll u 
31.18 
18. 70 

Seooud 6 Sioond Third Fomtb F.IJ'tb 
b:lebes foot toot foot foot 

19. 97 ld.82 
111.M 1a. es 
:H.:M :Ill. 4.1 
17.31 lll~ 
ll:Ull 17.&3 
16.38 15. 118 
:N.116 17.flll 
12. 03 12.M 
ll3.S2 15.18 
1'.G3 u.mi 
M.119 lli.l2 
:!Ill.ti 11.1!3 

13.eG, 
u.ae 
U.711 
ll.118 
13.71 
1L9G 
U.81 
U.118 
11.119 
ua 

111.01 
11.llll 

9.a) 

IUW 
u.01 
11.&8 
9.1111 
11. 47 

U.G'l 
l(U3 
IU11 
IU4 
8. a7 

-8. IKl 

10. 00 
10.06 
111.00 
9.H 
II. Tl 
11.24 

11.49 
11.23 
8. 811 
8.47 
7.ll7 
8.H 

81xLb 
foot 

tJon applied 
(.Inches) (da)'S) 

1). 75 {Mu •• 2. ···-···--·&- -···--··--·· 
10, :Ill SllDt Iii 3 15 
U.1!18 ...................... ··----··----
8. M lll:l:, 8 3 :n 
8.Bl ••••••••••.•••••••.•.• ···---·-----
7. 113 ltl17 :Ill 3 33 
II.ff ---····-·· ---·-----·-· ••••··•••••• 7. 111 AllJ, 1.4 4 :Ill 
7 21 .......... ·-------·--- ·•·••••••••• 8. 111 Sept, 13 4 211 
e. 42 ···-····-· --····--··-- ···---··-··· 6.117 ()et. 19 •.••••••••.• 83 
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-
Soll molnun m C--1.tu:ba pa, acre) 

lllUllmll Numliie,-

1~ of~ l'tNl.6 S.-dG e.iond Tl!.in J'ou.m, Slnb Bain In :a.tween ,J 
im:hes 1Ddl1111 toot bit mac foclt IDtlba Tata.I dayi 

---------------ru: t? : 1:: r:::::::::::::::::::::::::::::::: l7 (l.lll 1).18 (1.(12 0.40 -0.ft ~-01 -0.lllil ... 1. lll 2.58 2. li z .Tl .IH .66 • IIO .19 • l& •• .181 1.12 4.15 4.83 Jul)'? u, Jl:IIJ 23 ____________________________ Ill .91 • 1111 ,211 • :m .cw • c» .HI 1.111 IUG 1.36 G.86 
JalJ 30 W AUi, Ill ••• ·--·--·-·········-····--- •• lG l.dll l.Dl .so •• .m .41 .41 • .a 5.211 Ui'l 9.& 

t.':i. % : ~-lt::::::::::::::::::::::::::: :: 21 1.22 .1!111 •• .31 .20 .07 .Ii 1.08 4.f3 G.42 6.115 
112 ·'" .a .JD ,l? • OIi -.10 .13 2.00 ue 4. '8 l'13 

a.ere for the period May 2 to NoYember 4. The average 
yield for this group was 1,228 pounds sood cotton per 
a.ere. 

period July 16 to October 21, 19361 is shown in to.ble 
108. 

Fi.eld 9W, eotton plot-This plot was located on the 
experimental field of the agricultural college's irrigation 
department. The area of the plot was 0.7 a.ere, and the 
soil is classed as Gila clay adobe, underlain by silt and 
sand. The water table ranged from 7 to 8 feet. Soil 
samples were taken at nine places uniformly spaced over 
the field. All irrigo.tion water applied to this field was 
measured. 

Field EO, Lt.ding rotton plot.-This plot was located 
on the bench land south of the college buildings, where 
there was no ~ibility that a water tnble would in
fluence the :results,. The soil is Anthony gravelly lonm. 
The plant growth was unusually henvy on this plot. 
Soil sa.mpling was not started until late in the season. 
The use of water on the Leding cotton plot for the 

TAln.E 100.-Reaulu of aoil ,amp.ling and irrigation ckua, average/or group I I coUon pl.au, agronomy farm, Sum College, N. Mez., aeaaon 1936 

A verap mof.mm oontellt or soil Cw=tl Depth of 
1----,..---,-----,,-----,,----------1 Dates of irrlpt.lOD 

Imp, water 
First fi 8-nd G S-11d Tblfd Fourth Firth Blxtb 

foot 
tlon applied 

lDCbes lncbea root foot root toot (lw:hm} 

--------------------1----1----------------1----1----1----1·---
Job)' 19-- ·- ----· ··---··-···· •••• ----------- ----- -------- -- ··- ---· -
lame o ____ ••••• -·- •••• ·-- •• ___ • ----·- .• ------ --------- ___ -------- _ 
Jim.II 11. __ ··--- --- - --- --- ·- ............. -· •••••• -------. -· ••• ····-
loly 1 __ --- ··- .... ·--------- -- • ----- .. ---------------- .. ----- ----. 

i~! ~: :::::::::: :::::::::::::::::::: :::::::::::::::::: :::::::::: 
Alli, l~--- •••• --- ···-·--·- --····-·-- •. ----·-·---·-·-- ... -··-· ··- •. 
.6.ar- 21 ___ --- - --· ···-··· ---··--·-- •• ·--···--······- - - - ---·-- ---· - -
llept. lD .•• -- .•••• ••----·-········· ••• -··-·······-· ••• ------ ---- .. 
Bept. 17 -- - --- • -·. ··---. - - - --------- - ---------··---· - ----------- - -
Oct. •g. - - •• --. -- . ---·-· •••.•••••••. -------·--·--·-- •••••••• ---- - -

13.:MI 
9.37 

17.09 
9. 70 

18.20 
9.16 

21.()2 
8.80 

lt.33 
ll, !Ill 
111. 20 
12. 38 

1116 ··------ ---·--·--- --------·- ---·--··-· ·······--· {:'_l•Y 3 I ··---······ 
Iii. 111 lll. 07 12. n a. i6 ,. 51 7. 52 June e · -·---·· a" --- • '15 
~M mG u~ noo a.~ i~ 
13.03 17.M 13.12 llHli IIUU 11.23 1ul:V "a° ------·-··f.. .7 
~~ nM au &M &M ~~ 
12. 07 16. 38 1S. 47 10. 81 9. 7f 5. 48 July 2G 3 . ·23 
~~ aro mM ~M m~ 6.811 

11. 2fl 1:us 1a. 11 9. 84 a. 74 5. 1s Aug. 15 4 lll 
~~ ~a a~ mn a.u ~" 
1'- 29 lG. 21 9. oo I 10. 05 10. 35 6. 88 Sept. u , 29 
18. 48 20. 73 14. 84 12. 04 ll. 11 7. 7f 
15.!7 14-03 U.3S 8.84 10.41 6.53 Oct. l9 ·---··-·'··· 35 

! • 

TABLE 107 ,--Quantitiea of wwer used in i~ between irrigation.r, group I I cotton plots, fJ{ITonomy farm, State Coller,e, N. Ma., aeiuon 
1996 · · 

Soll moistun loss (lun-.!Jich& per acn.) 

Number 
of da}'B Flnt6 SewndG Second Third Fourth Fifth 811th Ram ID ToUl &&1'411.11 Perao 

hlcbes IDebe,s toot foot foot toot foot I.Debes lmp.Uom d•ys 

l? O.H 0.14 
• 0.24 

o.eo 11,lll U'l 2.12 
lll ·" • 82 0.47 0.34 0.111 -0.'ZT .07 2.241 a. 00 3. 38 
18 .as .G .16 ,(11 -.21 -.04 .38 1.29 2. 74 1.9' a. a 
le .98 .ea .u -.11 -.~ .84 .ao .18 2. eg a.se a.~ 
:Ill ,65 .81 .07 J.01 .12 -.30 .10 1.00 3.02 4.811 U3 
J2 .66 .::Ill 1.11 .67 .63 .13 . 21 2.08 ue UC S. 21 

r= :r: i:' t::::::::::::::::::::::::::::::: 
Ju.lJ 7 wJoly 23-···-···-··-----·-·····-··-····· 

5.,7~ tr.-:t:::::::::::::::::::::::::::::: 
·~-

Tau: 108.--Quo.miliel of '1Jalff wed in i~ between irrigation,, Ledinr, coUon plot, State College, N. Me:i:., ,ea.on 1938 

Soll mo~ km (awe,-I.Dl!bl!s pa, 11en) 

l.idillrm Nmnber 
af.d&JI Jl'tnU 8el:cDd IS a.coDd Thlrt1 J'aurtb PlRh 8htb RalDiD Total ~ Per30 

IDCbll Uldles looi ~ foot foot ilot b:ldim d.11.11 
------------

Jul)' lfi w 11:ilJ 111 ••• -----·-·····- -------······· l& 0.117 0. 711 U7 L!II 0. :k -n.m -0. ll 0.241 4.'1'8 &.30 UIS 

a~::::--=====:=======::=======:====== 
17 .113 • tll 1. 61 1.47 l.OG .112 .00 .ao 7.118 9.10 12.ll9 
3( .1111 • 71 J.67 .10 .ai .as .::Ill LIM 6.27 6.27 6. 59 
ll2 .oa .oa .11 • u. .03 .21 , 13 :us :,. 711 2. 'I'll ., e2 
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Tables 109 a.nd llffsu.mmarize the soil moisture data 
for cotton field 9W. It was nooessary to estimate the 
1w c:oisture loss for the period April 27 to June 15 be

i no eamples were taken immediately following the 
ga.tion on April 27. The estimat.ed values are based 

391 

on the assumption that the first 2 feet had the samo 
moisture content following the irrigation on April 27 
that they had when the field wu sampled after irriga
tion on June 17. Following the same :reasoning applied 
to data from the other plow, the loss for the 14-de.y 

A'l'IIJ'll9 moimm ~tor 110ll Cperomt) Depth or 
1---,..----,----..----.,..---.,..---::----I Dates of lmptJOll 

lnt,irval 
between 

lrr!K&tlom 
(days) Slrth 

foot 

!l'Tip- •at.er 
lion applied 

(!Debes) 

-------------------1----1----1--------------- ---1----1----
t:. ~ :::::::: :: :: : ::::::: ::::::: :::::::: :::: ::::::: :: : : :::::::: 
JUDll 17 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Ju.ly 10 ••••••••••••••• -- -·-- ••• --- ._ ---· ---· ---·. ·-- •• -- -· •••• ··-· 
1ul)' U •••••••••.••••••• -·-- •••••••• ··-- _ -- • ---- _ ••••..••• _. ···-- _ 
.Alli, 7 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Aug. 14 •••••••••.•••.••••• __ ••• ------ ··- ••••• ___ •• ------ •• __ •• --·· 
&!pt •••••• ··--··- ---- - - • - •• -- - •• ··- -- •••••• - ---- - - --------- •• ---· 
Sept. 11-----·····-·······----·················· · ................ . 
Qct. 21 •• ···- ------ --- •••• ---- •••• --·. -- .• -- •• --- •• ---· ----- .••••• 

17. IIO 
lli.H 

··°' 30.M 
:1111. 411 
U.49 
211. 01 
111.26 
:119.M 
Jt.&2 

17. fJO 
25.115 
211. 13 
21.43 
27.44 
JS. 70 
26.04 
17. 72 
'J!T. le 
lG.95 

12.10 
18.112 
:U.IM 
20.113 
21.67 
16.16 
16. 81 
H.llll 
17. 2ll 
14.00 

10.61 
11.30 
15.20 
lll.81 
111.'8 
13.02 
1182 
12.118 
13.03 
11.27 

11.31 
8.0'1 
&.73 
8.86 
,. t() 

& 18 
8.M 
8.M 
7.119 
1.40 

lo.JO 
10 . .112 
U!I 

l~U5 
11,38 
u.eo 
ll.18 
11.G? 
11.48 
IU5 

tt fl:.~ ::: ··········49 
4.. 68 
4.19 July 13' 3. 28 Z7 
4.,61 -········· ............ ··--··--···· 
S. 05 Au1, 8 4. 711 27 
a. 12 ---------- ........... - ••••••.••••• 
I. 83 Sept. & 3. 18 28 
6.10 ······-··· -·-···-··--- ------------
4.113 Oct. 21 ···---······ ,e 

T.aBLE 110.-Qiumtitie, of wur med in i~ between imgatiom, fW.d. 9W, coUon plot, State College, N. Me:i., ,ea,011 1956 

Nmnlm 
cfda:,s First& 

lne:bm 

47 1.04 
113 .lffl 
2' 1.47 
:111 .&8 
4,1) l.22 

!pr. ff go Jnne 13 ________ :·---------------------
lw:ie 17 to July 10 ................... -•• - •• ------lnly H go An,.? ••• ____________________________ _ 

t.1:it. i1: ~~·k::::::::::::::::::::::::::::: 

Datl!lli of IIIIIIIJ;!l1n;r 

Tll!le 17 ____ .... ·-· ...••.• -- -------. ---- -- . _ ----- -- • ·-·· ··------------, 

: .. ·~: ~.::: ::::::: :::::::: ·~=~:===. :: ~=====:: ::: ::: ::::::::::::::::::' 
;ll.!7 9-··-----·-·--·-·--··-----·--··································· 
July 14 •••.•••• ····-· ••••••••••••• ·-. --- • --- •• ·- ••• ··-·------ -----··. 
July 23. ·-----·-······-------···-··············· ••••••••••••••••••••• 
Jnly l!IO ••••••••••••• - •••••••••••• ----··-----------------------· --·---
Alli, 6..----·--------·· --···-···-·--···· .......•.... ·-· ............. . 
Aue. U •••••••• ··-- ·-· ••••• - ••••••••••.. --·-. ---· ••• -------- -••. -- ••• 
All&, 2CL_ ••••• ---- --- ••••••• ----- ----·· - -- ·- •••••••••••••••••••••••• 
Alla:,!! .••••••••••••••••••••••.•••••••• -····--- ••. -------------------

; }a::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Oct. '1 ·-······· .. ••••••••••••••••• .. ·······--·····-------------···-
Oet.. 2l •• -·-·. --··----. -- • ·- -•• --· -- • ---- --- • ---- ---·-···-·. --••••••• 

Nmnlm 
I.Dterval oCdaJII 

J'lrAG 
blobm 

inm 11 ta l'llDII $._. ••••••••••••••••••••••••• --· II ua 
lUD8 IIO to J'IIIJ' 8. -········-·--··---············ 8 -~ 
Jll.!J 1, to JQJJ' lla ••••••••••• ~---······-·······-- 11 l.«I ii l ~f :::::::::::::::::::::::::::: 8 ,01 

115 ,87 
llS ·°' H .114 

Seeo11d G 
lnebes 

11.31 
.a 
.91 
, 119 
.88 

Flntll 
lncbell 

~45 

8-udll 
h!cbl!II 

11.&ll 
• 119 
• 7~ 
.81 
.67 

-.21 
.116 

Soll molltme lciA (acn-lDCbea ))el' acre) 

8-lld Third Jl'cmt.b Pfflb l'lb:t.h Ram, Total B41tween Per30 root loo\ foo\ l'Dot foot mcb8, impt.lODS days 

0.41 ......................... ....................... ......................... _ ... _ ............. _ 0.11 I 2.113 I 2.&I I 1.112 
.119 0.08 --0.02 -cuo 0.07 l.3(1 2.39 ll.81 3.12 

l.U .40 • :au -.311 .2' .32 4..23 4..18 5.2!1 

·" .80 .n .17 -.17 uo a.78 I.CH i.40 
.o 111 .06 ·°' .l.ll :I.Oil i.03 l.'19 3. 77 

A"V1112'1&• mmatun content of 110ll, pemm& 
Int.erval 

Diat.es of bet•een Ir- Pates or 
lleoond IS -~-~ Bl:tth Jmalltlon rlption, entt1DI! 

iDdl88 lraot foot foot loot toot days 

May 15 
111.~ 111. a., 10. 17 7. Gl! l. 13 1.46 ~une 'l ------------· ·U. 13 . - -l ~ , · Lal 

re:~1 ~I:1· t.: U.79 U6 U7 
11. 29 'I'. 1ll 15.'111 
12. ff 111.118 UII 

Sampllnl ID!'t 
1UI 7.11 IS. 77 

·l.-lJ ,tllle, ::a, 11 .una ::l 
J.c:1 
1.8:1 July JO H 
11.13 
l ,1 July 25 la 
4.27 
I. l4 Aq. II 15 .Aug. 3 

18. 1l IUl 7.27 
17.115 10. 21 7. 51 

f~ AUi, :n 16 

la.SC ?.all 6.01 
12.IIS US '7.00 
U5.50 11.73 IS.04 

11. OIi Sept. 111 23 Sept. l~ u: Oet ... 3 •••••••••• 2111 
21.D 10.21 7.70 a.a1 
tl.84 I.SO IS.SIi IL 71 Nov. 4 32 Nov. r. 

Soll mmstnrll lml (11:Q-.lm:hm Pl!l lll:NI) 

hlrtb J'ffi.h lfuth Bain ID Be~ Pc30 Second 'nlJzd Total jiat frlot ll'lOi foot fooC blebell lmpt.lom days 

0.90 O.:N U1 fl.ID 11.01 11.07 UIS ... 12.:12 •• .ea •• .n: -.IH .ae l.00 1.90 12.00 
.m .07 .GS -.Oil -.113 0 2.0lll 1.111 IS.H 

-.:n .111 -.11111 .OIi .07 • l& •• LG :U3 
,GO • a ... .111 .12 l.lJG ... ... 8. 

-.18 .112 .UI -.oa -.01 :a.oa ua uo II.I 
.as .16 -.l& -.06 -.m 0 .1.11111 8.U 2. 

.. 
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period October 21 to N~vember 4 was estimated as 1.45 
inches. On this basis the total consumptive use for the 
period April 27 to November 4 is estimated to have been 
22 ~ a.cre-inehee per acre. 

Horlicultu.ral farm, al,fal,fa plot.-This plot was lo
cated in an alfalfa field on the horticultural farm. The 
BOil is a Gila silt loam with sand at the lower depths. 
The average apparent specific gravity and moisture 
equiva.lent determinations a.re shown in tables 102 and 
103. Samples were collected from six locations in the 
field plot. The alfeJ:fa had been p]anted in 1935, and 
there was a. good stand. The mmlts of the soil mois,. 
ture studies are summarized in tables 111 and 112. 
Because some of the ear]y and midsummer soil samples 
were not taken before irrigation the records are not 
complete. However the results show monthly use of 

• 

ticm 

water by alfali'a in the plot rangei:l from 12.22 Uh., , in 
June to 2.t'J inches in Oeoober. It is estimated the.. u ie 
use from May l t.o November would not excf' -.? 
acre-inches per a.ere. 

Cotl.on ud Alfalfa Tank Experiments 

In the latter pa.rt of May 1936, four tanks were in
stalled at State College to determine the evapo
t.ra.nspira.tion of cotton and a.lfilla. Two tanks were 
used for ea.ch crop. The tanks were of the double ty-pe 
similar to those used in the Midd1e Valley (p. 371), but 
were not as deep (3). The inner tank, 23}{a inches in 
diameter by 42 inches deep, was suspended in a. water
tight outer tank (approximately 25~ inches in diameter 
by 48 inches deep) by ip.ems of a heavy angle-iron rim 
around the top. The inner tank had a removable 
bottom and was filled with soil by being driven down 
int.o the ground, so cutting out a core of the undisturbed 
soil. Soil was removed from a.round the tank as the 
shell was driven, and when the tank was filled nearly 
to the top, the removable bottom plate was replaced 
and bolted on the tank, whlch was then hoisted by 
mea.n.s of a large tripod and cha.in block. The outer 
tank was set in place and the inner tank, full of soil, 
was lowered into it. Numerous holes in the sides and 
bottom of the inner tank allowed water to move freely 
to or from the soil. 

In operation, water was added in the annular 
between the tanks until the soil was completelJ 
rated and water stood in both tanks at a zero pvillt 
(p. 348). The excess water was then pumped out and 
measured. At the next irrigation the quantity of water 
necessary to bring the water level again to the zero 
_?oint ·was ·:neasured! l'he· iliiference oetweeri :.he 
quantity removed the previous time and that added 
gave the amount that had been used by evaporation 
and transpiration. 

Ootton.-Two tanks were placed in the cotton field 
9W plot, where soil moisture studies previously de
scribed were made (p. 390). The water level in the outer 
tank was kept below the soil column in the inner tank, 
eo that no water wou1d be supplied by capillary action. 
It was intended to have two plants in each ta.Dk, but 
one plant was destroyed in the west tank early in the 
season. The plants were sms.ller than .the adjacent 
plants in the field. Use of water by the cotton tanks 
during the period June 6 to November 7, 1936, is 
shown in table 113. 

For the west tank with one plant the use a.mounted 
to 25.96 inches, and for the east tank, with two plants, 
32.22 inches; the average, 29.09 inches. By comparison 
with the use determined by the soil moisture work, it is 
estimated that the tanks wou1d have lost 2.5 in_.hes 
from May l to June 5, ma.king the total seasoru 

CO- 003344 

TX_MSJ_000424



~pUff-, iu:n 'Mhell l pal' - (tDl::ba) I 

Pwlad N1:!!Ubar lao:hes ! AWlrlP I Predpl· 
af dl,711 I tat.loll, 

lnch<'l:! 

WIiii But 1"lr:lod Parao 
tau tau d&n 

--I-----
lue a to 1uly 1.--. ···-···· 10 1.13 8.M 4. all 'I'. I& a.a 
lul7 U.o A.a&. 8 •••••••••••• 14 &fll ... 8.64 7.U l.!8 
A.DIC. 8 to &,pg. 6._ ••••••••• • ... e.ea G.1111!1 7.0fi 1.13 
a.pt. Uo Nov. 7 ••••••••••• Cl 7.09 1Llll9 9.11 4..,M :l.49 

Total...·····--··.····· 144 I :18.IM 32.22 119. Ge ..................... 6.M 

including rain, :n .6 inches.11 Yields of seed a.nd cotton 
were 88.4 grams from 11 bolls for the ea.st tank and 87 .3 
grams from 13 bolls for the west tank. Dry weights 
for the cotton stalks cut flush with the ground were 190 
grams for the ea.st tank a.nd 99 gra.ms for the west tank. 

AJ.f o)Ja.-Two tanks were set near the center of the 
horticultural fa.rm e.Ifa.lfa field. The results indicated 
an excessive use of water and seem Wll'ea.SOnable. 
Thus, they are not included herein as they do not repre
sent Valley conditions and would be misleading. How
ever, they indicate that the maxi.mum annual use of 

LEVEE 

IIH 

l'Jotw194.-ftlu of Mtllilla Dam 1t.8111on. 

•l!e9 .P. ••-l.l&h1-~ bTlloil IIIIOWun ~. 
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water by alfalfa with high water table may exceed 6 
acre-feet per acre. ---

Natiye Ve1etadon ud Enpora.Uon Eq,eriments 

In some seetions of the L<>wer Valley, growths of 
.u.At~~ '"'ll!i"' ,t10n c;nch n.<> •.•'iJlow". ~d~ ~a.r, cotton
woods1 tules (cattails) and salt grass use considerable 
water. Perhaps the heaviest evapo-transpimtion loss 
per unit area within the Va.lley occurs th.rough the 
vigorous growths of cottonwood, tules, and willows 
along the river channels. No experiments prior to the 
1936 group had been made to determine nse o! .i"&.lier 
by native vegetation in Lower Valley, such as those in 
the Middle Valley and San Luis Va.lley. However, 
records of evaporation from a. standard Weather 
Bureau pan have been kept by the agricultural experi
ment station at State College for many years (table 
118), and these records are of value in estimating past 
and future use of water if correlated with evapo
transpiration losses (3). 

Early in May 1936, the Bureau of Agricultural En
gineering established an evapo-tra.nspiration and evapo
ration station at Mesilla. Dam, about 5 miles southwest 
of State College, on a site made available by the Bureau 
of Recle.mation.20 The site was on low ground on the 
west bank of the Rio Ora.ode, approximately 100 yards 
above the dam, in an area of tules (cattails) and salt 
grass. The exposure wa.s open in all directions except 
to the west, where the mesa rises abruptly about 15 
feet some 50 yards from the station. To the south 
were a few scattered trees, while the river bordered the 
northeast side. A sketch of the station site is shown 
as figure 94 . 

. ·Tbe swo ;attail ~anks :nos.~: 1.nd 2) were located :u· · 
a tule swamp a.nd completely surrounded by natural 
growth. Both tanks were 2 feet in diameter and 3 feet 

1'1ovax96.-Mesllla Dam tta)Xlntlon 11.Dd ~II il&a&lOD, M:.W. Valley. 

•Tbzoulll ii:.~ or L. R. Floet, auperiutada&, RJo On.ade l"mjee& 
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deep. The tanks were po.rtly filled with sand before 
blocks of healthy broad-leaf cattails (Twlia l.aiijolia L.) 
were transplanted moo- hm with as little sMclt t.cl· too 
ple.nts u poaib1&. The water lffllm w,as :mamflea:n.ed 
in the tanks a.bove the Burle.r,e o! the soil. E&;cb tank 
contained a.bout 42 stalks of ca.ttaila- Both tm:ik!i 
developed a vigorous growth but the plants in tank no. 1 
grew the larger. 

Tank no. 3, containing wt grass, was installed in a 
nearby plot of salt grass where the ground water was 
close to the surlaee. The tank had a diameter and a 

S:~ ~ ::::::::::::::::::::::: :::::::::: :::::::::: :::::::::: 
.l'C!II ! ..... _ ................................................ . 
lime 8............... ...... .. . . 11.17 ··••·····• ..••••.... 
1DD11 l6 •••••••••••••• •••••••••• 6. 94 •••••••••••••••••••• 
J'UDe 2:1. ••••••••••••••• ••••••·· 6. 36 ••••••••••••••• ••••• 
J'um, ~........................ 6.12 •••••••••• •••••••••• 
.111.1, e . ········--·····. ... •••• 6. 83 ................... . 
.l'uly 13........................ 4. IM •••••••••• •••••••..• 
luly21L...................... 4.llill •••••••••• 1.83 
July 77. ••••· .••• •••••••••••••• 4. 73 2. 83 2. OIi 
Auinst 3...................... a. 11'1' 2. a8 1, 73 
AIIIW¢ 10........ •.••••••••••• 4. 211 2. 87 2. Oil 
AQIUStl7 ••••••••••••••••••••• 4. 61 3. 46 1. 58 
Aupst2L-·······--·········· 2.11() :Z.'7 'll.37 
A.ugu.st.31. •••••••••••••••••••• 3. 57 2. Ml -~ 12 
September 7-·---···-······-- __ !. Q8 2. CZ l.M 
Bepwmber 14 _____ •••••••••••• 2. Ml 2. 32 1. 54 
lleptembel' 21.................. 2.44 :Z.16 1.153 
~tember 28 ___________ ••••••. l. 71 1.118 1. 17 
Odober 5 .. ··-··· •... ...... •••• 1. 35 1. ~ J. 07 <>ewoo 12...................... 1. 77 1.11 1. n 
October 19..................... . 72 .1111 .89 
October 26 .•. --·-···--·-···-··· .Ille! .153 .6'1 
November 2 ..••.•..••• ····---- • M .~ • 47 
No.-emhe.r9................... .81 .IIIJ .33 

.]~;;;:;:~ ~--:.::::~:::::~~~~' -~ ·:!:' I ~~ 
;'l'.ovemoer JO ...... --·-········ . 72 .47 '. 38 
J)eromher i '·-·--------------- .47 .45 ,fl! 
0-mhcr 14.................. .32 .30 . 08 
Decemher2L................. .'6 .32 ,OI 
~mher 28.................. .35 .31 .17 

I E&tlmated. 

:t.:m 
:t. 411 
:t.,a 
2. 30 
a.oo 
1.13 uo 
ll.06 
2. Tl 
2.73 
:Z.118 
2.411 
l. 86 
2. u 
2.10 
I. 'NI 
l.N 
1.35 
1.70 
l. 73 
1. 04 
1. 25 
1.33 
l.07 
• D,5 

1.01 
~- :~ 
di 
. 31 
.as 
.46 
,38 
.eo 
.43 

0 
0 
. rn 
• 23 

0 
.1e 

0 
.IXJ 

0 
1.00 
0 
0 
.I& 
.02 

0 
.31 
,31, 
• OIi 
• 70 
.97 

0 
0 
0 
0 
.35 

0 
1 
) -
. ,4 -
• 78 
. .\4 

0 
0 -~ 

, ot.natlom iu Dlllaimbe!' llWe Wll.b the cooperatloD orL. R. Flock and A, B. 
CWT)'. 
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depth of 3 feet. It w_a:s partly filled with sa.nd b. :ore 
the salt pass (~ ~a Hydb.) sod was t .. n•i.s
p~. A M.arimt.e eo.:ntroI provi-ded an aut 
Slllpfl'l'y of w&.ter to tank no. 3, keeping the wa.~. .::I 
at a. fairly coM.tant depth of 14 inches below the surf ace 
of the soil. .A thick growth of grass developed, covering 
the surface and atta.ining a height of 7 to 10 inches by 
midsummer. 

.A standard Weather Bureau evaporation pan and 
8-inch rain gage were insta.lled at the station. A 
thermograph, located at the station for a portion of the 
summer, did not function properly. Temperature 
records are therefore not available. 

Table 114 shows weekly eva.po-transpiration losses 
from ea.tte.il and salt grass tanks and evaporation 
records. A summary of monthly results at Mesilla. 
Dam station for the &-month period, June to December 
1936, together with evaporation and meteorological 
data at State College stat.ion a.re shown in table 115. 

Evaporation From 
Free Water Surfaces 21 

The processes of evaporation and transpiration are 
similar in that each is influenced by climatic conditions. 
Hence the relation between consumptive use of water 
by vegetation and evaporation from water surfaces 
is too apparent to be overlooked in any discussion of 
water requirements. In the Rio Grande Basin r 
El Paso both evapo-transpiration a.nd evapo1 
become progressively smaller as elevation increases and 
the growing season shortens. 

to-111 Period Records n 

The·weather.Bureo.u .ans mrunmine.d stando.rd evap
oration stations n.t Santa Fe, Elephant Butte Dnm, 
and State College for many years. Results of observn-

111 Dlscuss:lon of resull8 •as prepared pr!nclpa.lly by A. A. Yoon&, amociate lrrign, 
tion ~. Division of lrr!ptloll, Buniau of Aa;ricultw-al EDiU!eering. 

11 Through the~ ar E. L. Rudy, mnarolocist ill clw-se, U.S. Wentber 
Bureau, NP Mimoo aect!OD. 

CCl!IIQ.mptlve me, Mmllle DI.Ill 
(mcbea) 

EvaponitlDD, 111.cbas 
(W11&tber Buren pu) MeteorolO(i~ data, State Collep station I 

Montb "l'empinture C- F.J 'WilldlDOTIIIIDlmt 
Tmkno.1, ~2, 

Aftlllle 
Glltt&lla TankD0.3, MeslllA Bi&tll nsl&tlve 
lnwata: In 1l'08I' lllllt!P'IISII Dam ColllllllPI Mea.o M111n Toal !".":T. hnmld!t! 

.. 
~II.Ill mbrlmwn Mean mlJea (pereent 

J'lllJ. ···-··----··--··-···· J9.G2 • 14.90 •IUO 10. &a b.llll 113 ea 80 2,1~ u:a 47 

4DIUIS-. ···-··-·---·······-··· Ja.l() 32.211 7.90 Uf 10. 411 tll Q 77 :I, 1111 2.111 M 

llepl,ambm' ----------------·-··· t.17 I. 6 1.11 ue 7.29 82 88 70 1,au I.IN 1H 

Oc$ober. - • ··-·············----- uo 4.11'2 4.12 ,U7 U3 74 43 68 1,+17 l.114 1111 

November······-···········----· 188 Ul!I 1.21 a.o, Uo'I 61 12 .., 1, 1112 1.13. .5tl 
o-nbar .. ··--------·------··· 1.ee 1. ~7 .7li UII ue 17 • G ' l, 214 .ua Ill! 

Total.---·-······-··----· 11.211 U.12 :11.211 kllill CUI ---...... --.. -- __ .... .., ____ .. _ ..... ............ -....... -..... -- __ ..... _____ ... .. ____ .... ____ ---------- --
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uollB at Santa. Fe (elevation 7,013 feet) a.re shown in 
f-11,b]e 116. This· station wu discontinued in 1933. 

'.Ords at Elephe.nt Butte Da.m (elention e.pprox:i
.tely 4,500 feet) collected in cooperation with the 

:ijureau of Reclamation from January 1917 to Dooem-

Yor 111,1111&17 Febn;mcy Much April .M'a:, 

---
lf/17 .•• -- ••••••••••• -· ---- ·--·--·----· 8.138 UM 6.1183 7.:116 7.642 
11118. ··-----· ------- •••••••••••••••••• 1.08.'I :um 8.800 a 129 9. 175 
lllll •••••••••••••••• -- ·······--·---·-- 1.1187 l.023 UDO 6.4116 ... 
111:lO ••••••••••••••• ---- - ·- -- - -· --- - ••• 1.&e:1 :Z.101 3.911 6.IIM a. fl~ 
11121 •• --···· ••••••• ---- --·----------- - l.ll81 11.124 .,m 1.U3'il a.m 
11122 •••••. --• -••• -•••• --·· • • • -·--·· --- 1,418 :US8 11.llOO 6.7118 10.185 
11123 •••••••.••••••••••• ·---- - ••.•••• -- 1-11!07 .!la! 11.4'41 e.:m 8.171 
W',H •• - - - ·-. - •• --- - - • - • --- - --·. - - ••••• .1125 2.'60 2.s«Z .,_ 539 1.146 
~·-······················---------· J.537 2.280 6.076 8.216 1U07 
11126 ••••••••. -- ····-···· -- • - - - --·---- - -~ 3.008 a.tu '-™ 6.823 
11711 ••••••••••• --·-··················- I. 716 2. OllS t.02'11 e.8118 12. ffl 
11128 •••••••••••••••• ·- ·-·-- --- -•• ····- 1.451 J.023 4.314 8. O'll 6.M2 
1919 ••• ---·---·---------··-----······· l.2!50 l.lM7 8.133 7.IKI 11.l!lee 
11100 ••••• -· -· -- --· ---···· •••• -- .. -·-·- 1.40'.! 2. 710 11.606 7.ffl 8.837 
um •••..... --· .. ···-· •..•. ··-.····-·. 1.232 2.464 3. 731 &.IIO'.I 8.11211 
111132 •••••••••••••••• ··----· ••• ----- --- 1.1131 2.IIM 3.441 7.068 8.808 
1133. --------·------ .••••••••••••••••• 'l.&'50 I 2.360 4.W I G.471) 7. GSII 

A.venii:e •••••••• ----- -- --···· •• 1.502 2.1117 8.927 8.8211 8.881 

. 
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her 1936, are given in table 117. Observations shown 
in table 118 for State College (elevation·a,S63 feet), 
from Ja.nuary 1919 to December 1936, were made 
cooperatively with New Mexico .Agricultural Experi
ment Station. 

lime July ucmt a.cm- Odo- No-· n-m, . 
A.miual ber bu bill' 

11.8110 tl.1155 tl.038 G.'llffl 6.937 lL 11M 2.11111 76.8!~ 
lll. :MO UIM 8.172 fl.111!.'l .. :1115 use l.4&1 116. 211 
fl.Ill 15.810 7.W/ ,11.t.34 3.837 2.803 l.S71 15C.M 
fl.OtO I. IIOII UOII e.m 6.6!15 :Z. 012 I. 708 s1.m 
8.883 &. l::11 e.• G.1113 U30 a.200 1 •• 78 ea, MO 

lll.W 10. :a:&G S.11:13 7.121 6.182 US& J. 2113 88.186 
JO.OW 8.183 e.m 4.770 3.815 l.G70 J. 0!51 88. 748 
IUl!lll 18.Sll 11.277 7,766 6.H1 3. 2118 I. 201 88.MI 
lCU!MI 8.133 7.470 e.m t. 473 2.006 .773 1!7. 4211 
11.78' 8. U!O fl.40 8.7111! 4,828 2.1129 1.0'¥.l Gl. 3b6 
t.a12 11.aoo 8.004 l. 403 l. 286 2. 81'3 l.OM 1111.202 

ll.214 10.008 7.MO 7. 512 .. il80 l . .504 l.e65 64. 87\l 
11.~ l!l.'611 e. 865 &. lffll (. Sil !. 8IIJ I.WI !l.:).213 
Ill. 7'11 8.187 7. 220 8.1162 USI 1.928 l.:IOO IW.005 
lll. 730 8. IIQ:I U::lll UM ..610 2.m l.822 82. :,g 
fl.flGS 9.161 U.fll 4.1!811 2. ff3 1 2.080 12.oeo 1111. 722 ueo 8.8118 7.1!48 am 3. 007 I l.130 I ).130 ~.Mil ------------10.8 8. IIS? 7.708 UM 4.56S 2.807 1.431 M.lQI 

TnLJ; 117.-&aporotion in incAu, W~ Bweau pan, Elepha.m Bwk Dam, N. Mu., Jo.nuary 1917 to Deumber 1986, inclusiv, 

Yeaf 111.UIW"J' Febmi.rJ M"1:h .April Ma7 Jmie Jul:, 

1Ul7 ...... __ . --- ---- -----·-. - ••••• ---- 2.1'3 4.135 9.642 12. lnS 11. CIIS 111.B 11.2'7 
IJIJ8 •• ···············--. -· -- -- • - - ••••• :1.1711 ,II. 114! 8.2H U.321 16. 714 IUM 11.ffl 
1a1g __ ----- ··--·-· _____ ••• __ • _ •••••••• 1.402 a.ue 7.203 9.193 12.~ 12.1.177 U.JM 

------- -. --. -... -~ ----- ---------- 1.1121:) IU12 .... 10. 473 H.111.5 12.47t U.606 
-------· ........ -- ---------- ,--- 3.556 4.870 8.lM 10.11182 14.21!15 13. 00, JO. 3'2 

. --...... --------- -- -.... - ............. ~ ........ "' 3.tll!II 6.637 a. 05II ILllH J4.J38 14.08G 13.1!.'ll 
3. 881 &3M 6.7M 11.087 M.GO 11.oe:i 1U:.Z7 

• .A .• - -- --···------··. ·-·· ••••.••••• 2.648 11.862 7.IH4 &.715 11.MO 14.tee I.O.ffl 
1025 •••..••• ••··•·• --- •. ---- - ••••• ---· 2.437 4.15.'56 8.237 U.O'l'7 ll. 743 1&11183 11.900 
lnl .•. -- -··-- -- -- ---· ......•.... ···- - I. 734 4.90l &..29.5 8. tl02 9.1129 13.1113 12. 018 
lffl. - ---.. -...•....... - .. --·· --·----- 3. 000 .. '158 7.1146 10.D.l H.833 11.'21 12.371 11128 •• _. _____________ ••••••••••••• _ •• _ a 7117 2. 801 7.W 8.086 11.814 14.a:3 12.101 
111211 ••• ··-··--·····-· -- •••••• -- •••• ·-- 3.4'47 4. lll'J 7.807 11.126 12. 000 It. 1117 It 1128 
1ll30. - -- --- -- --- ----- .•••••.•. -- ····- - 2. 615 "309 e. 221'1 ll. 700 11. 713 12. 000 ll.580 
:001..: ..•..... -...... --· -·-- _______ _._. ,ol. 725 .:.,::51 l. ~47 ~. -,~ :o. :;J8 :1 . .l6() -'.O. HO 
. \132. •: • • • • • • • • • • • • •:. • • • e '. - • • • • • • • - :•:: 2. 24:l !.. j,8 l. :~7 : J06 I :!; .:tJS I !!..l57 I J.";::o 
lil33 •• ________ .. ····--------- •..••••. - 2. 337 3. ll"ll 7.2111 8. 287 11. 7M U32 13.lM 
11134 •••.... _ ----------·· •.•..••••.•• _. 3.286 .5.228 11.57' 11.:m 14. 783 17. ffll 1e. euo 
1113S ••• ---------··. ---- -- --- - • ---- •. -- 11.2'.U 4.175 0.11111 12. 304 12. 576 l8. li05 1.5.1167 
llllae ••.•••. -·------- ---· -·-· ·······- - 2.1il88 6.M2 8.110 12. 006 14.008 17.G U.tN 

---------------------
A ,·erqe .. ---·-··--- -- • -·······. 2. 70t f. ffi UM 10.2:H u. 75 14.780 12. 348 

.&qus1. aecm- Octo-
bar 

---
ll.808 9.003 8.1118 
U.004 10.170 G. 721 
lL 1211 7.lml 7.817 
10.1161 fl. 9,\5 II. 4'31 

B. 870 8. 7.5 9. 408 
12.191 8.llfllj 7.fl31 

11.11117 7.830 7.4,45 
U.3116 to. aes 8. G:§0 
lll.'11:i U.388 6.813 
1l.Cl05 7.2119 6.1133 
8. 9113 7.&u e.1110 
G.OI 8.316 UM 
1.11111 7. 4118 4.W 
Q, 100 'l.003 e. 366 

-i:l::6 t .;J9 5. 395 
l~- ".J70 I i. -;'"j5 i 

11.m 11. 11112 . 6.M7 
14. 08S U.2118 8. :188 
10.850 ll.0.11 8. llll2 
H.21S 9.M6 8.014 ---------
lll.1544 am 7.170 

No-nm- ~-
bu be.r 

------
6.122 UG2 
8.88CI • ll!M 
3.117G 2. 73' 
Ii.MIS *-"1 .5.336 U'l'll 
am UG 
3.7156 a.m 
a.oo 2. 784 
t.148 UOll 
4.lU ·l. D!8 
4. 743 2.422 
a 1s2 ::uu 
2. !§00 2.312 
l.061 1.783 

. }. '8() .. ~ 
l, o3\I .!:.:21!! I 

•UCJI 3.841 
4.937 i.llG!l 
4.865 :z.~ ·-~ 3..%118 ------
f.040 2. 7116 

Amnml 

---
lll0.11112 
IOll.00 
111,278 

101.188 
lll'l.183 
100.. cm 
flfl.878 
IIIU12 
11111.!m 
Bt.247 
11G. 1112 
87.Ml 
87. 028 
'W. 558 

... ~. J-;-;~ 
·!2.114 1 

g 111.88 
118. 62 l 

0 108. VI 
m. Kt\ 

97. 4Z'j 

T.UlLE 118.-Evaporali~ in imhu, Weather Bumau. pan, 8tc.u College, N. Me:e., Janaary 1919 w December 19S6, inelmi111J 

v- .TelW}' F•l"lnlllr7 Mareb April Ma:, ,_ 
1u.11 J.up,t s.g:n· October NoTem- n-in- A.mlll8l bet bar 

---------
11119 •• ---------------·- -· ···- ---·-···· 2.1112 4.187 7. 761 9.910 U.:1161 ll.D 11 IID'..l 11.m 7.474 & 1531 3, 119S 2.&&4 liH.1SG 
IIQJ __ ··--··············-···· -·-······ 2.D6 4.05' UM JD.1196 11.9113 11.818 ll.M 9.lJIIM 8.IK5 0.103 S.OOII 3.1.SO Ill. 721 
11121. ··-·- ·--------·-······ •• --····· •• 1.197 UIM um mm 11.1138 lJ.153 10. li35 9.,IIIIIG 7.143 e.w t.m 3.228 93.134 
11122 __ •••••••••••••• ···--·-. _ ••••••• -- 3.301 &.1!1311 &213 10.107 a.a Ja,4116 am 11.022 &081 &. 717 a...ao 2. 715 iLOH 
llll'la ••• -· •• -------· --· •••••••• ···-· ••• a.:m 2.Dk a.au 8.161 !2.W Uff& U.IIOO II.ING 7.00. 6.171 a.ooa I.Im II. 700 
11134 •••• -· ••.••••••••• ----- •• ------ .•• 1,9" L 1191 '1,080 1u.e 10.106 12.0U .. 066 11.722 8. 9:K 7. Ol!2 4.183 2.Ge 8111111) 
19211 •••••••.• -··-· •••••••••••••••••••• 2. ffl UG 11.1177 9.18111 & l!llill -- 9.139 l.&51 e. 8(16 4.890 1.4116 2.387 ff.~ 
10:llil ••••••••••••• ·····- --············· UH 4.IK7 1.161 , .. lt.088 111.181 10.lll8 ... 7.:339 ... I. 627 2.111!11! 711.W 
lffl ---······ ••••• --· ·•••• •••••••••••• 1.218 4.Gf 7.:Nll 11.ffl ILM 11l.ffl lO. lllH 7.IJIM II. MO &.1102 4.1711 :l 173 113.412 
·····--·-·-··· ··--.... ·-··---··-··· 8.027 4.MI a. w 9.0711 111.1125 lL'IIIO l0.&'.13 7.1!1:ll 11.ffl 6. 218 2.671 2. 7'l7 81.11134 
lUl ---···· .......................... uw t.alt 7.l(ID 111.177 UI.UO 11. 811W 8. U4 7.7411 7.002 l.111111 2.!IH :um 711.flOl 

······------·----·················· 2.7411 4. 7.0 t.Gl I.Mt 111.811K 11.IIIIO 8.M 8.0IO 7. 700 1.1131 U44 2.!7~ llll.766 
1931 •• ·- •••••••••••••• ·····- •••••••••• ,.. 2.lllr.l 7. UiO ,.m 10.Ml ILIW 10.367 1.487 7.684 U1!13 IU57 2.841 IIZ.721 

:=::::::::::::::::::::::. : . :::::::: :um ... 7.1111 11. 311M u.-. lU18 u.a 12. »7 8.aJ &.1!61 t.1711 14W llllll.1!30 
1'14'1 4.IM a.m Hl.:1181l 14.162 U.IIIN U.60 lL 077 11. ffl e.a 4.1311 l.&13 UIJ.DI 

1134 ••••••••••••••• _ •••••••••••••••••• a.m 4.8 'l'.m nm 12.927 u..m 14.. 9tll l.3.Ge7 l.0.(711 7.211 U81 2.$Zli Ul7. 7M 
IIIS •••••••••••••••• ·-·•••••• -·· ·-· ___ 8.'64 I.G'.M Ulll lLlllll'l' n.eea U.087 16.174 1.2.0111 7.08 7.184 '-fl! tm lGUlllG 
lll3C. -·-······························ 1.111!118 J.:ICI ••• 10.8113 1.1.D u.m u.eoa 10.G 1.m Ii.GS& usa U511 lll181 

.& Ylllr'llP- •••••• ·····-------·-- U811 UN 7.M7 9.8" 11.W 12.CM lUU 0.117 7.937 LflllO a. ffl 2.814 lo.UO 
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H36 Records 

During tJ1e setlSOn of I936 the Bureo.u of Agriculturo.1 
Engineering installed standard Weather Bureau pans 
at the San Luis Lakes, Pa.mui., and West stations in 
Snn Luis Valley (pp. 361 and 362); at El Vado Dam, 
Is]eta, o.nd Socorro in the :Middle Valley (pp. 37 5 and 
376); and at Mesilla Dam (p. 393) in the Lower Valley, 
to correlate evapo-transpiration losses in wet areas lllith 
evaporation from free water surfaces. Weekly and 
monthly eT"apora.tion at various places in ea.ch of the 
three valleys a.re sum.ma.rued in tables 119 &nd 120. 

Rio Gra'fllk Joim lnfJestigatwn 

tion records were obt.e.inecfirom--tihe middle of M iiy to 
the end of December, but at other stations, becs.1'~" of 
freezing weather, records for the colder montJ e 
incomplete. The State College station is used -ie 

For further comparison, monthly evaporation at 
Parma, lsleta, Socorro, and Mesilla Dam has.: been 
computed as a percentage of the loss at State College 
for the season of 1936 and presented by months in table 
121. At State College and at Mesilla. Dam evaporo.-

bw of comparison because records are available for a 
17-year period. A pec,uliar feature is tho.t evaporation 
at Mesilla Dam is but 85 percent of that indicated by 
the State College record, despite the fact that the two 
locations are only 5 miles apart. This difi'erenr.e can 
be accounted for principally by the fact that State 
College station is located higher in the Valley in a bare 
field away from vegetation and fully exposed, while 
the Mesilla Dam station was located on the river bank 
in a. wet area in the midst of vegetation. The stations 
at Parma, Isleta, Socorro, and Mesilla Dam were 
located in river areas having comparable environments. 

TABLE 119.-Weekly tflaporation in imhe.t, Weathn Bureau pcm, Upper Rio Gran.de Biuin, aea.,on oj 1936 

San Luis Valley, C'olo. Middle Rio Onwde Vall~y. JI,;, Mu. Lower \"alley, N. Mex. 

Week endlnc-
S11n Luls 

Lali:es Thermar El Vado 
Dam l$le1B Socorro 

fill t:====:==::::::::::::::::::::::::::::::::: ·······nr ··----·nr :::::::::::: i ~ :::::::::::: - i ~ :::::::::::: 
Junes............................................ 2.00 1.93 ............ 2.lll ............ 2.81 • '2,93 
June 15-. ...................................... ·-- :?.i6 1.93 ............ 2.57 2.44 2.82 
June22 ....•.. -------·-·······-----··············· 2.87 1,93 2.98 •• 2.G2 2.77 2.89 
June21L .........•..• _ .•..•..... -................ 2.&i 2.0& ... ·2.31 l.U 2.00 2.4-4 2.80 

1~!:!E:::::====:::::~==:::::::::::::::::::::::: Hr t~ tli t:E t: i~ is 
July 27 .......................... ,................ 2.27 J.47 2.13 l.1ll! l.99 2.22 2.31 
Auin,st 3 .. _...................................... l.114 l,11 1.49 l.45 tSl 2.10 2.26 
.1.u~~t IO........................................ 1.IM 1.30 .M l,48 1.43 2.03 2.30 
Auin,st 17 ................................... ,.... 1.98 JJ.1il6 l.811 1.76 2.07 2.34 2.44 
A~I 24. ............ --------·········--·-······ 1.42 • 1.40 1.44 l.llO l.M 1.81 2.00 
Au,:usl3l.. .••...•••.. --......................... l.89 1,311 Ul/l l,34 1.00 2.06 1.ffll 

t:::::~k::::::::::::::::::::::::::::::::::: u: u~ u~ u: u~ t~ u; 

Elephant 
Butte Dam 

t~=~~~::::::::::::::::::::::::::::::::::::: 1:i1 :;~ 1J1 :: t~ ug ?:~ 
Ocl.ober5......................................... .92 .77 .Ill l.14 1.20 1.06 :'.:~, 

-~l:~lL··::·:·:::::::·::::·::::·::::::::::::: ::~ ;JJ .JS ~ :.f~ I:ciii .. ::1 

3. 20 
3.29 
3.13 
4.39 
3,82 
4.29 
3. 74 
3, M 
a. 29 
3. 24 
3.37 
2.63 
3, 56 
3.93 
2. 95 
2. 60 
2. 92 
2. 47 
2.02 
l.M 
'!0~ 
•!.tl!l' 
~.Oil 
1.27 
l. 74 
1.311 
I.JO 

)cto~r26 .. : ...... : .... -·._...................... .~l .as .83 .42 ,Si ,70 
No~emoer2 .. - ................. - ................ .GI .64 ............ .60 .S2 .88 1.00 
Novembet Q _.......................... •••••••••• .46 .42 __ .......................... ···----- . 711 . 81! 
November rn_ .. ---······-····· ........ _ ...... .•. . .28 • 38 . ........... ............ ...... .•.... . 74 .83 
Novemher:13..................................... .43 .33 ............ ............ ............ .94 .85 
November 30. .• .................................. ..28 • .30 ............ ···--··-·-·· ............ , 24 , 43 
o-iber7 .................................................................................................. ······----·- ........... . 
Deoember H ......................................................................... ···----····· ............ ·······---·- •...••...... 
necemh('r 21.. •• ··-------····-- ········-·-··---··· .•••••.••••• ·-·········- ............ --------···· ···-····-··· --·····-···· ···----- •••• 
Dectmw .28. ------····· ---·--- •••... -·-· •• ---· •. --- ..••• --- ..• -·--·. --·· --·--······· ----·---· ••• ---··---·-··I·----------- ------ ---- · -

1 T~rmR statlon ls ju.st east of divide between Rio Orande drainage and CanadlaD Ri~er drainage, EleT&llon 8,210 feet. 
1 Partly estimated. 

• llO 
• 48 
.811 
.M 
,00 
.84 

State 
College 

3.10 
2.83 
3.03 
3. ZI 
3.ell 
3. 00 
3.117 
3.57 
:1.112 
2.95 
2.M 
2.S2 
2.81; 
2. 57 
1.115 
1.80 
2. OIi 
1.89 
1. 74 
1.25 
1.47 
. .;J' 
i32 
.G:! 

1.24 
.95 
.11'1 
.M ... 
.~7 
.M 
,51 
.Sil 

TABLE 120.-M011thly evaporation in imhe11, Wcmke,- Bureau pam:, Upper Rio <:ran.de Basin, Rca,,m of t!J3(1 

Mesilla 
Dam 

2. 4G 
2. 25 
2. 30 
3.00 
3.33 
3.80 
3,05 
2. 77 
2. 73 

'8 
i 

.4 
... 10 
l. 711 
I.Sf 
1.8.5 
l. 70 
1. 73 
1.04 
:.::s 

· ·:,v3 
l,07 
.!M 

l. 01 
U2 
.Sl 
,61 
.as 
.4G 
.38 
,RO 
, ,a 

San Luis Valley, Colo, Mlddlc Rio Onmdo Valley, N. Mex. Lower Valley, N. Mex. 

811%1 Luis 
Lues Puma Therma EIV&do 

Dam 

May .•••..•••.••• --.............................. •t.1111 13.36 .•••..••••.. •a.so • en.,.. 1 t.84 
llll!e •••.•... ----------------------·-·······------ 10.84 8.llG 10.3:1 ...... 11.07 
.July ••••.••••••• -----···---·-----·······--··---··· 8.33 11.12 9.47 7.1118 IUO 10.06 
ADlmSt .•.••••••• ---····-·---····-·----·····-····- 7.7G *6.111 6.67 11.'1'9 7,!IP 8.06 
~~:------"··----···-····---'··--··--··-··-· Nt • B~ -------~~. tll N: ~: 
NoTemlitt ................. --······· ...••..•••. •. 1 • .56 ' L 411 . ····--·-· .. ............ .•... ....... 2.11.5 
JJet-cmber ••••.•••..••.•.. _. ____ ................................ ----·····. ---· ....... - .................................. . 

1 May Ill lo June I. 
1 May JI to June J. 
s fml:r estimated, 

-

0

12.17 
io. eo 
9. ll7 
11.19 
4.64 
3. 20 

~ --- - .. --. - --

Elephllllt 
Butte Dam 

j S,'2 
17.41 
H.&0 
14. 22 
t.M 
S.01 
4,114 
3.-00 
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State 
Colleie .... 

IJ!.llll 
12. l!IO 
10.G 

7.211 
6.83 
3. ft.~ 
2. :kl 

M'esill11 
Dam 

1 g, 41 
34. II 
lD, 53 
9.04 
6. 51! 
5. 37 
3.C:4 
1.1111 
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Water Utilization 

TABLE 121.-ComparatiFXI ffWl'Uhly evapora.!ion, W eathe,- Bureau 
pan.a, Upper Rio Grande &.ain, i,ea.,on of 19S8 

MODth 

Ratio o! evaporation at ot.hff sta.tlom to 
:lhapora- evaporation at State Colleu:e (pereent) 

~i:t ,~~--,.-~-,---,---~ 
Colll!Ce 
(lndles) Parm.a, lsleta, Socorro, ~~ 

Colo. N. MeJ:. N. Me:L N. Mes. 

--------1---1---r-------
MaJ-------------·---·---····· 
Jane. -. ----- ------ ---- -----·--
JlllY--·- •• -·-· ............. ··--
Aa,DSt----- - - --- --- ·--········ lleptember _________ •• --·------. 
October ••.• ····-··········-··· No•ember ____ --·. ____ ---------
Deaembel' ····---·-··--·-- --··· 

I IL 116 I 1!7. 3 I 819 -----•-••• a~ ~o ~2 ~• 
l:Z.1511 31.7 l"0.8 114.1 
W.4.3 53.4 M.8 88.ll 
7. 29 154. ~ 80.S lit. 9 
~~ ~2 ll7 ~4 
~M ~8 ~8 ~7 
2.M ······-·-- ·----•···- ···-····-· 

A~----·-····------ 11.31 82.l 84.G 

1 May 11 to lWle 1. 
1 May 18 to June 1. 

I 71. 5 
112.0 
83.G 
se. 7 
IIO. 0 
95. 4 
83.3 
77. 7 

The evaporation at Isleta, Socorro, and Mesilla Dam 
differs but little, although the locations are many miles 
apart. The close agreement of these three records and 
their depe.rture from the records for Ste.te College 
indicate that evaporation at State College is not repre
~ntative of evaporation in wet areas of the Valley 
below Albuquerque. · 

The evaporation in San Luis Valley (elevation 71000 
to 8,000 feet) is considerably less than that in the Mid
dle Valley (elevation 4,890 feet) and Lower Valley 
(elevation 3,863 feet). The reason for this striking 
diff'11sence is apparent in pa.rt- when the lengths of grow-

11.SOns 11.nd differences in elevations and tempera
s.re considered. In San Luis Valley the average 

frost-free period is 108 days, in Middle Valley at 
Albuquerque 196 days, at State College n minimum 
of 200 days. 

> 
?an Coedic:ient 

Previous to 19151 little attempt had been made to 
determine the relationship existizig between pans of 
different sizes s.nd large water surfaces. In 1915 the • 
Bureau of Agricultural Engineering established a. labora
tory a.t Denver (57) for this purpose, and hs.s ca.med on 
resee.rch studies of evaporation (3) (54) at various 
plac-es since that time. 

Coefficients for reducing standard Weather Bureau 
pe.n records vary, but for the Upper Rio Grande Basin 
it is recommended that 0.70 be used. 
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RelaUon or Euiporallon to Couu.mptlve Use 

Meteorological conditions influencing evaporation 
from wawr surfaces likewise affect transpiration from 
vegetation and evapo:ratio:n from soils. Both evapora
tion &Dd transpiration freely respond to temperature, 
wmd movement, and humidity, so that evaporation 
from water may, under certain conditions, be used as an 
index of tnmspira.tion or soil evaponi.tion losses. 

Observed evaporation data may be used as a means of 
estimating eva.potro.nspiration by water-loving vege
tation when the relation of the two values is kno"-n for 
a particular area. This relation, during the growing 
see.son, is not constant, yet it provides a means of 
me.king approximate comparisons of consumptive use, not 
only from year to year, but between adjacent localities. 

As an example of the adaptability of the evaporation 
pan in estimating consumptive use, the results of an 
investigation by the Bureau of Agricultural Engineering 
at Victorville, Cs.Ii!., may be cited (3). For tules 
growing in a large tank within the confines of a swamp 
area the pereentage of consumptive use with reference 
to eYaporation from a nearby exposed Weather Bureau 
pan was 95 percent.23 Neglecting such factors as 
variety, density of ·growth, and seasonal variations in 
evaporation and tra.nspil'ation, this percentage was 
applied to evaporation records in other portions of the 
same general looality. It is probable, however, that 
this relation is not a constant but varies from year to. 
year and for different geographical areas. The fact 
that both evaporation and consumptive use do so vary 
lends support to this conclusio:n. The climate at 
Victorville is very similar to that of the Middle Rio 

. Grande Vallev. 
. J.ccepting_;ucn il. .ratio for the" 'lict~rv-iile aren, it is 
reasonable to suppose that it might be applied also to 
evaporation records from Weather Bureau pans in 
other a.reas in order to estimate consumptive use by 
tules growing in swamps in those a.reas. It should 
be emphasized, however, that comparisons of tra.nspi:ra
tion a.nd evaporation should be extended only to thos<' 
nrens where vegetation is subject to similar seasonal 
dimntic conditions. 

P The ]lffl'1llllltlile varied from month w mo11th, l11'"8oSin£ durini the summer Rn<.I 
becGm1n; IJffl&lllll' 111 the cooler months, but ~ penQt was the nerage oblalned rrom 
a2-yea:~. 
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PART III 
SECTION 5.-CANAL DIVERSIONS IN RELATION TO MAPPED AREAS 

Because of differences in environment, diversions by 
a particular canal may or may not be closely related 
to consumptive use in an a:rea served by a canal in 
a.nother part of the Valley. Therefore the ditch.es and 
canals are grouped below in accordance with their 
environmental characteristics. 

1. Mountain rolley dikhls.-These divert relatively 
large amounts of water, and irrigate lands immediately 
between them and the streams from which they divert. 
With the usual open mountain soils, narrow valleys! 
and steep lateral gradients, the a.mounts diverted are 
relatively unimport&nt because it can be assumed that 
nearly all water in excess of the actual consumptive 
use will :return. to the stream and become a.vail&ble for 
rediversion and use lower in the stream system. The 
total a.re& under such inigation is small compared 
with that under large canal systems in the ma.in valleys. 

2. Valley floor canal systeme.-Tbese are of three 
types: (a) Those irrigating lands topographically and 
geologically so situated that water diverted but not 
consumptively used can be assumed to return, in 
variable proportions, to the parent stream, or to the 
main river-a process which ha.s been greatly aided by 
extensive drainage systems. This type comprise=:; most 
of the land in San Lws Valley south of the closed area. 
and all the land along the Rio Grande in New Mexico 
and Texas. (b) Those diverting water from the main 

·. ·Rio.Grande Jr :ts ~ributaries:::mt co11veyuli; tJ:iis water 
into the closed area. in San Luis Valley from which 
there is no return flow to the main river system, except 
a small a.mount coming back through Rio Grande 
drain. (c) Those diverting waters from streams flow
ing into the closed area. and irrigating lands subject 
to gravity return of waters to the sump of the closed 
area. There is, however, little or no surface return to 
the sump from the north and west except in very wet 
years. The measured diversions in this closed ares. 
are :further complicated by the existence of several 
thousand artesian wells, most of which :run wild the 
year round. Similar wells exist in the San Luis Valley 
a.mu southwest of the Rio Grande, outside of the 
closed area. (Pl 11.) 

Su Lu vane:, 
In the closed IILffll.1 the west a.nd east sides have 

different clmraeteristics. 
Two streanis, Le. Garitn a.nd Carnero Creeks, come 

out from the ·hills· on the west a.nd irrigate a small 
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area above the Rio Grande Canal, bringing water from 
the Rio Gran.de. Return waters probably mingle with 
those from Saguache Creek and from Rio Grande Canal 
lands and contribute to the drainage waters of the 
Rio Gnmde Drainage Canal. 

Saguache Creek heads in the Continental Divide 
and irrigates a large area of land a.round Saguache. In 
some yea.rs excess flow penetrates to the lower end of Sa.... 
gua.che Creek where it joins San Luis Creek. The latter 
heads in Poncha Pass and one tributary of import.Ance, 
Kerber Creek, enters from the west near Villa Grove. 

From the eastern side a. large number of small 
streams head in the Sangre de Cristo Mountains, 
debouch onto the Valley from steep mountain gorges 
and are used to irrigate la.nds along the fringe of 
the hills between San Luis Creek BJ1d the mountains. 
Hay and pasture are the principal crops. For many of 
the streams in this group the discharge records were 
first obtained in 1936. There has been much specula
tion in the put as to yield of these streams. The 
record of one year, of course, is not sufficient to use a.s 
the be.sis of determining the mean annual run..off from 
this pa.rt of the watershed. Furthermore, in yea.rs of 
plenty I the hay crop will be heavier and the con
sumptive use greater thBJ1 in yea.rs of shortage. 
Under these conditions it is difficult to offer a set 
figure as the consumptive requirements. Return flow 
from this e..-.::tensive area must all accumulate in the 
large sump oi the eioseci. ar·ea :oca.,e·a ·in :ts 30Utheriy -· .. 
portion. 

Much of the grasslands a.nd low brush lands lying 
• along lower Se.n Luis Crook, while not irrigated in the 

usual sense of the word, undoubtedly thrive on a high 
water table, ma.king pasture for livestock. Th.is would 
be impaired by the lowering of the water table that 
would result from the development of a. sump drain to 
convey the water from the sump to the Rio Grande. 

The following pa.ragra.phs discuss specific conditions 
affecting use of water under specified systems opera.ting 
in San Luis Valley. 

Rio Gr1111Jule J.bffe South Fork 

The irrigated lands largely comprise hay meadOW15, 
with heavy gross diversions and liberal return flow to 
the pa.rent stream. The largest of these areas lies in 

· the site of the proposed Vega.Sylvestre Reservoir. 
Construction of _this storage would effect a. change from 
hay use t.,o the evaporation from a reservoir surface. 
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Water Utilization 

South Fork to Del Norte 

--..,,.en.ions from both biwks of Rio Grande and from 
bank of South Fork irrigate crops more diversified 

i..,an those in the higher valleys above Wagon Wheel 
Gap. Conditions a.re conducive to return flow to Rio 
Grande proper for reuse below. The Del Norte Irriga
tion District owns the Continental Reservoir of some 
32,000 acre-feet capacity. 

Near Del Norte 

Within a few miles of this town a.re the headings of 
Rio Grande and Farmers' Union Canals and Prairie 
Ditch, which convey water across the gentle ridge into 
the closed ha.sin to the north and ea.st. 

Monte Vista Canal 

The ~fonte Vista Canal diverts from the south bank 
and irrigates lands that may yield return flow to the 
stream system. This is the high line canal from the 
Rio Grande. It skirts a.long the hillside apron to the 
south until it meets the Terrace Canal flowing north
ward from Alamosa Creek. The lands commanded lie 
mostly in a block operated under a water users' asso
ciation. The Bowen-Carmel area, used for intensive 
study of water use, is under the lower part of this canal. 
The tabulation in the Geological Survey's report of its 
1936 investigation gives the discharge at three locations 

'1 a.re depicted on the San Luis Valley map. (PL 

The Survey's figures show the depletion in canal 
water from point to point. This canal is largely de
pendent on its diverted flow as there is ·very little irri
gated 1and above tt to contribute Teturn water ·mtil 1t 
crosses ~uun"i:m.rrei B.oaci. ,&>c.tL .3. Geoiogical 5urvey. 
record of current flow.) Likewise1 being without stor
age it must rely on its quota. in terms of priority and 
decreed right. Thus the 1936 record mny be considered 
as applying to n conservative diversion duty, there 
being no sources of supply other than the river diver
sions except smell contributions from Gato (Cat) Creek 
in times of flood and certain waters from the Terrace 
Irrigation District along the lower end of the Monte • 
Vista Qanal. Some water enters the Bowen-Ca.rmel 
area from Alamosa. Creek through the Scandinavian 
Ditch. However, there are also some irrigation. wells 
in th.is a.rea and their number was bf.tlng materially in
creased during. the sum.mer of 1936 until unusual sum
mer rains assured the potato crop without need of 
further well drilling. Tail water from this canal finds 
its way into the irrigated lands served by waters from 
Al&.mosa Creek. 

Empire (Commonwealth) Caul 

beading for this canal lies about 2 miles east of 
.,e Vista. It is the largest cane.I in the southwest 
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area and third only in the Valley. It lies in Rio 
Grande, Alamosa, and Conejos Counties. Because the 
lands a.re below the a.rea irrigated from Monte Vista 
and smaller systems, it is reasonable to assume that 
t.bere is a material but u.nknov.-n inflow as surface tail
water a.n.d as underground seepage from those systems. 
Thus the diversions probably fall short of the actual 
water in.flow to the lands commanded by the main 
canal. 

Likewise the use of water on the lands irrigated by 
the Empire Canal in Conejos County, isolated from the 
main block under this canal, is complicated by surface 
and underflow from Alamosa a.nd La Je.ra Creeks and 
Conejos River. Thus it appears that the diversion 
figures can ha.rdly be assumed as indicative of the gross 
duty under this canal. 

Conejoa RI.er, Alamo1111 and La Jara 
Creeb and Trlbatarle111 

No large systems divert from these streams, but there 
is a storage reservoir on La Jara Creek and Terrace 
Irrige.tion District stores flood waters o:n Alamosa Creek. 
Otherwise the lands are irrigated by direct diversion of 
their quotas, based on their priorities and decreed 
rights. The many small diversions can hardly be used 
as criteria of diversion. duties as they command rela
tively small areas in themselves and their waters are 
more or less mixed. (0:ne exception to this is the area 
under Cove Lake Reservoir, a small system storing 
flood waters from Conejos and San· Antonio Rivers.) 

CIORd Area DiYerslona 

· ~lost .jf ·~he r~2.teci ~o.na. ~ortl:i Ji :he ::.lio Gr:i.n'dc 
between Del Norte and Alamosa and north of the ruil
ron.d from Ale.mosa to the county line between Alamosa 
and Costilla Counties, absorbs large amounts of water 
from the Rio Gra.nde as well as all its own local drainage. 
The bulk of the irrigated land lies under the Rio Grande, 
Farmers' Union, San Luis V e.lley canals and Prairie 
ditch. Geological Survey tables show that the diver
sions from the Rio Grande Canal e.xooed the combined 
diversions from the Monte Vista and Empire canals, 
and the other diversions by main canals into the closed 
area a.re of the same order of magnitude as the largest 
diversions to the south. · 

Rio Grode Cual 

This old and capacious main canal has 8, relatively 
ea.rly priority for 383 second-feet with total decreaj 
rights of some 1,700 second-feet, thus exceeding the 
combined rights of the six largest ea.nals diverting to 
the south of the Rio Grande and from which a reasonable 
return flow can be axpooted. It is also supplied by the 
Santa Maria Reservoir of some 48,000 a.ere-feet 
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capacity. Therefore this canal is well equipped to 
divert relatively le.rge flows completely away from all 
connection with the main be.sin of the river. A rele.
tively small final return of this water is effected by the 
Rio Grande drain. So far as concerns the basin below 
the diversion dam of the Rio Grande Canal, the diverted 
water becomes the net water depletion, except for the 
minor influence of the Rio Grande d.rnin. Such a re· 
turn would be further increased by the construction 
of the sump drain. 

For much of its course this is the high line canal on 
the north side of the river and is not subject to contribu
tion of tail and return water. However, many artesian 
wells augment the river water, and the lands toward the 
northern end of the canal mnv receive flood and other 
contributions of flow from Camero and La Garita 
Creeks. This cane.I extends to a. junction with the 
cho.nnel of Saguache Creek. However, but little flow 
gets beyond township 42 north. 

Farmers' Union Canal 

This system diverts water e. few miles below Del 
Norte from the north bank of Rio Grande. All its 
water is used in the closed area, after being conveyed 
a.cross lands irrigated from the Rio Grande Canal. 
There is no return flow to the main river system. The 
diversions from Rio Grande are augmented by tail 
waters from higher cane.ls. There are also many 
artesian wells. Most of the lands irrigated lie in the 
San Luis Valley Irrigation District. 

This system shares water from Rio Grande Reservoir, 
of 51,000 a.ere-feet capacity, as well as having e. right to 
. iirect ·:lo~- :::rom the :-i'l'er. . Tail ~ster- ~ci ~.iev:eloneci 
drainage can' be used in · the district served by -the 
Farmers' Union Canal or pass out into the sump 
around San Luis Lakes. 

San Luis Valley Canal 

This canal dirnrts from the north bank of the Rio 
Grand due east of Monte Visto.. It irrigates some bmd 
subject to return flow into the Rio Grande but the 
bulk of its water is conveyed directly into the closed 
ho.sin ll.Ilrl irrigates three sca.ttered blocks of land com
prising the Mos<'a Irrig~tion District. Between the 
two southerly blocks is a stretch of land covered by the 
Prairie ditch and between the two northerly blocks lies 
a belt in the &n Luis Valley Imga.tion District under 
the Farmers' Union canal. Like the latter system, San 
Luis Valley can.al commends an area subject to inflow 
from o.djoining irrigated lands while it.s ta.il and drainage 
wo.ter po.s.<1 out. into the sump area. around &n Luis 
Lakes. The irrigation district owns ~ver Creek 
Reservoir, of 4,434 acre-feet capacity. 

Rio Grande Joint Inoe8f:i.gation 

Prairie Ditch 

This canal d.ivertis from the north bank of the Rio 
Grande a few miles east of Del Norte and flows dui 
east out of the area draining be.ck into the Rio Grande, 
thence through land watered from laterals of the Fa.rm. 
ers'Union canal into a tract entirely surrounded by other 
i.rrige.ted a.mas, except fore. short length on the east end 
which is open to the sump mentioned above. It can 
divert some additional water from Rio Grande drain. 

Middle Valley 

With Indian and Spanish·Am.erice.n peoples irrigating 
the same lands for many centuries, water usages haYe 
become so firmly established as not readily to yield to 
modem conceptions of 1rn.ter requirements. Fortu
D&tely, in New Mexioo much of this type of irrigation is 
confined t.o the several mountain valleys on Rio Che.ma, 
Rio Pueroo, and the Jemez River entering Rio Grande 
from· the west e.nd those on small tribu ta.ries entering 
from the east as far south as Santa Fe Creek. In general, 
UPage in these valleys ca.uses heavy return flow. Like· 
wise, below the Puereo on the west a.re several small 
tributaries with narrow ribbons of irrigated land along 
their banks. These are important locally but not in 
relation to the total irrlge.ted areas in the be.sin. None 
of the diversions from the streams mentioned could be 
classed as for a major canal. The only areas a hove San 
Marcial that could be so considered are ~ the Midd.lE 
Rio Grande Conservancy District. (Pls. 13-16, incl.) 

Irrigation in the bA.Sin of Rio Grande in New Mexico 
can be considered in two major groups, the mountain 
valleys above mentioned e.nd two me.in blocks along the 
Rio Grande tbo,;e :i.nd :ieio,i," :B:l~phs.n t'3utte 3.eseroir . 

The following major diversions above Se.n Marci.al 
serve the ve.rious divisions of Middle Rio Grande 
Conservancy District·. 

Coehlil Dirimon 

Canals for this division divert water from Rio Grande 
below White Rock Canyon, Sili Ma.in Canal from the 

• right bank just a.bout the diversion dam, and Cochiti 
East Side Main from the left side. Nearly all the irri
gated land lies in Indian pueblo grants. Inflow meas
ured to the canals is sometimes augmented by benyy 
rnn..off from the side channels that flow intermittently 
during the summer months. Excess irrigation and 
groundwaters are accumulated by riverside drains on 
the east side and to a slight extent on the west Bide. 
This developed water is returned to the river and is 
availe.ble for diversion below. The diversion figure 
for this division may be taken as gross diversions 
attributable to Indian irrigation methods, modified 
by the inflow and drainage-canal influence mentioned 
above. 
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The lower end of the Cochlti Division is just above 
A.ngostura Dapi, which diverts water for the Albuquer

, Division. 

From Angostura Dam to Albuquerque most of the 
irrigated land lies on the east side of the river under 
Albuquerque Ma.in Canal. To cover a minor area west 
of the river a short dist.a.nee above Albuquerque, the 
Corrales Ma.in conveys water a.cross Rio Grande. 
Opposite Albuquerque the river makes an abrupt 
bend to the east, below which land on the west side is 
served by the Arene.l Canal, dinrting at Atrisco Head
ing, due west of Albuquerque. On the east side the 
irrigated area gradually pinches out as Islet.a Dam is 
approached. Above Albuquerque the Albuquerque 
Ma.in has tapered down until secondary canals only 
reach the city, but the Riverside drain has acquired 
Ma.in cane.I proportions and its water is used to irrigate 
the land on the east side between Albuquerque and 
Isl.eta Dam by means of the Barr Canal, diverting 
from the dra.in opposite the south end of the city. 
Diversions to this division are not complicated by much 
inflow from side drainage. Riverside drains take away 
excess water from both sides of the river. Since these 
parallel the river closely, being separated from it by 
levees only, the measurements of ou tfiow from them 

of doubtful significance, a.s it would appear that 
!ifference in stage of water in the river and in the 

..... ..mage canals would have great influence on the 
amount of water carried by the drains and make its 
&Ouree uncertain. For the east side lends below Albu
querque the upper dnina.ge water has likewise become 
1le. -:na.i.n · .ource •li- ;uuolv. However:-.-with · -;hese 
conditions understood, th~ ·diversions listed for the 
Albuquerque Main Canal can be taken as indicative of 
gross or diversion duty for lands that, to a marked 
degree, have been farmed under irrigation for many 
yea.rs. The lower end of Albuquerque Division is at 
Islet&. Dam, the upper end of the Belen Division. 

Belen Dinlllon 

Just below ihe Albuquerque Division is the Belen 
Division. This heads near the Indian village of lsleta, 
founding of which antedated the conquest. lsleta 
Diversion Da.m serves the Peralta Main (o. new canal) 
and the Chica.I lateral, Chica.I acequia, and Ca.cique 
acequia, combined divers.ions from which must be con
sidered as irrigating the land on the ea.st side down to a 
point opposite Belen. This area is discussed elsewher~ 
(page 365), being one of the intensive-11tudy plate of the 
Bureau of Agricultural Engineering. (Fig. 83.). On the 
w~t side of the river a large new cane.I, the Belen high 

commands much old land and also an extensive 

401 

area immediately below it which is not yet under culti
vation. AB in Albuquerque Division, the surplus 
waters a.re fed by interior drains into riverside drains. 
On the east side, Tome drain returns its water to Rio 
Grande through the Riverside drain, at a point approxi
mately opposite Belen. On the upper west side the 
Belen riverside drain empties into the river at the 
Santa Fe Railroad bridge near Belen. Immediately 
below this bridge, on the west side, the Sabinal drain 
beg.ins and finally discharges into Rio Grande just after 
crossing the line between Valencia and Socorro Counties. 

The irrigated land on the east side, after pinching 
out opposite Belen, expands again during the la.st 3 or 
4 miles in Valencia County. This area is served by the 
San Juan Canal, the head structure of which diverts 
without a. river weir. 

Throughout the portion of this division in Socorro 
County the irrigated land is protected by riverside -
drains, which collect water and return it to the river 
without any diversions being made from them for 
irrigation purposes. 

Diversion and consumptive use of water in this divi
sion can best be studied from the records for the inten
sive area, referred to elsewhere. The other parts of 
the division are badly complicated by the many breaks 
in the system. 

For the last 6 or 7 miles the bottom land is gradually 
pinched in by low mesas, finally opening up at San 
Acacia Dam, the upper end of Socorro Division. 

Socorro Division 

This is the lowest· block in the Middle Rio Grande 
Conservancy District. The irrigated lnnd lies whollv 
on· ~he west JJ.ae :mci is served at the uppe:f'enu 'by "'Nat~r . 
diverted a.t San Acacia Dam by the Socorro Main Canal 
North. '.f]lis canal gradually approaches the Rio 
Grande and merges into the Socorro main center which 
skirts the Riverside drain, protecting the upper end of 
this division. It finally unites with this drain just before 
a secondary structure diverts water both from the tail 
end of the Socorro main and from the drain canal into 
the Socorro Main Canal South, which tails out into the 
Bosque del Apache Grant, lying just below the Middle 
Rio Grande Conservancy District. Since it has only 
one diversion from the river a.nd is little aff ectcd by 
side drainage except that resulting from summer 
cloudbursts, this division probably provides good 
indications of diversion duty under New Mexico 
conditions. 

BcMMaue del Apache Grant and 
RJyer Bo«em Lud to Sn Martial 

Immediately below the Rio Grande Conservancy 
District lies the Bosque del Apache Grant, ending some 

CO- 003353 

,.,..,,,-

TX_MSJ_000433



402 

5 or 6 miles upstream from the old town of San Me.rcial. 
There is now practically no irrigation on the Bosque 
Grant, although a few irrigation ditches a.re shown 
and water rights for these are claimed. The bottom 
land is under consideration for use u a duck preserve 
by the United States Biological Survey. There now 
are no important divers.ions in this area. Since the 
construction ·of Elephant Butte Reservoir, upper end 
of which lies just below S&n Marcial, the river bed has 
been built up considerably by silt deposits. The flood 
of 1927 practically ruined the town of San Ma.rcial e.nd 
it has been largely abandoned. 

Lower Valley 

Palomu Valley 

There are no diversions of moment in this area which 
extends from near Hot Springs, a few milea below 
Elephant Butte Dam, to the Percha Dam of the 
Rio Grande project. This valley will be largely sub
merged by the Ca.hallo Reservoir, now under con
struction. The high water line for this reservoir is 
shown on the map of Pa.lomas Valley (pl. 18). 

Rincon Valle:, 

This valley lies between the Percha Diversion Dam 
and the beginning of Selden Canyon. It is the upper 
end of the irrigated la.nd under the Rio Grande project. 
This valley is a succession of narrow ribbons of irrigated 
land, alterns:tmg on the two sides of the river. Sta.rti.ng 
from the right hank, the .Aney Canal diverts water 
released from storage in Elephant Butte Reservoir and 
irrigates a strip 3 or 4 miles long, then is flumed across 
Rio Grande to merge into the Garfield Canal. From 
this main, land is irrigated oD the left Bide of the river 
until ·3:atch -Sipnon · i.s · .re&checii · ;v.here · ~.ne ~a.i .:S 
ca.med under the Rio Grande to emerge on the right 
hank again as the Hatch Canal. Water from. this canal 
irrig&tes all the land on the right bank WJ.til the bottom 
land pinches out OD that side. Part way down, the 
main e&nal has again boon siphoned under the Rio 
Grande and comes out u the Rwcon Canal, extending 
to the upper end of Selden Canyon. 

The a.mount of the diversions to the main e&n&l at 
Percha Dam should be fairly indicative of the gross 
diversion duty for this nlley. The canal diversions 
can be adjusted by taking' into consideration water 
:returned to the river and drainage :recovery at the outlets 
of G&:rfield, Batch, and Rincon drains. None of the 
dramage water is taken into the ma.in canal directly. 

:M.Wa Valle:, 

This valley comp.mes two parts of the Rio Grande 
project, the Leuburg Di~on and the Mesilla Division. 
They have independent diversiorui: and are -. · 
below as though they were two major sys~ 
'. ! . . ... • : . "' \ ' I .' • • 

Rio Graruk Joint lnr.,estigation 

The firsf....named extends from Leasburg Diversion 
Dam at the lower end of Selden Canyon, to cover the 
land above the two main canals diveriing at Mesill .. 
Dam, on either side of the river. 

Leasburg Main Canel, covering the Leasburg Din 
diverts and remains on the east side of the Rio Grande; 
with water for certain lands on the west side of the 
river being flumed a.cross the Rio Grande in the Pica.cho 
Canal a few miles northwest of Las Cruces. The 
diversiom into the Leasburg Canal are indicative of the 
diversion duty for the Leasburg Division, if the amounts 
of water tailing into the Mesilla Division east side main 
can be determined. For certain studies, these amounts 
can be modified by the wo.ter returned to the river or 
discharged into the east side canal of the Mesilla 
Division and dro.inn.ge recovery measured o.t the outlets 
of Selden, Picaeho, and a portion of the Mesilla nnd 
Del Rio drains. 

It is difficult, il not impossible, entirely to segregate 
the water at the disposal of the Mesilla Division from 
that for the Leasburg Division above it. In addition 
to water diverted and measured o.t the two canals on 
right and left ends of the Mesilla. Diversion Dam, tail 
water enters the ea.et side main from various laterals 
of the Leasburg Division. The west side system is not 
complicated in this way i its one diversion (the west 
side main) irrigates all the land on the west side of the 
Rio Grande from the Mesilla Dam to the place where 
the irrigated la.nd pinches out on the right bank 
well as a small e.ree. on the Ief't bank between Ca.nut 
Tex., and El Paso by means of a siphon under tnt1 
river below Canutillo. All the Mesilla Valley in 
Tens, together with its irrigation and drainage system, 
are included in ~e area organized as the El Paso 
County- VV ater lmproveinimi; .District· )fo. : , describe'a · 
below. 

As shown on the map, the irrigation system in thia 
vaJJ.ey is completely intermingled with the drainage 
system. In the Mesilla division there a.re several 
returns to the river and drainage recovery is measured 
at the outlet.a of Del Rio, La Mesa, East, and Montoya 
drains. 

Mesilla Valley was the southerly intensive area tract 
. studied. by the Bureau of Agricultural Engineering for 
determination of consumptive use, and the details of 
thereh.tionship of diversions to the irrigated lands are set 
out elsewhere in this report (pp. 37~ to 381 and fig. 89). 

II Puo Valley 

This Valley comprises the portion of the Rio Grande 
project below EJ Paso. Above the pus this district is 
watered by Mesill& Division ca.nals. Two major canals 
lead out from the Mexican Dam n.ear the upper end of 
the city, Acequia Madre diverting on the Mexican side 
and the Fnmklin. Cana.I semng the up~r end of El p 
, : • , ~ • , • • > , I , 
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Valley in Tens. A few miles below El Paso the 
Fronkliu Cf.I.Ila] is reinforced with water diverted from 
'he river at riverside heading, in the newly canalized 

ver. 
The distance from El Paso to Fort Quitman, Tex., by 

the meanders of the old river was some 155 :miles. The 
fiat gradient and the lack oi flushing floods (attributable 
to storage in Elephant Butte Reservoir) built up the 
river bed with sand and silt. and caused BD. excessive 
flow of sand into the ca.nals and obstructed the outlets 
of the drains by raising the river·pJane onto which they 
must discharge. 

Rectification of the Rio Gre.nde, now in progress, will 
morten the distance to Fort Quitm&n to 88 miles. This 
"ill increase the gradient and thus the velocity of the · 
river's flow. The first year in which the upper end of 
the straightened river was operative (1935) a local 
flood, origi.no.tmg beJow Elephant Butte Do.m, caused 
an excessive Bow in the lower river and gave s. good sts.rt 
to the desired recession of grade in the sandy bed. 
Rectification of the river is expected to have great 
influence in the future on the outlets of the drains, as 
well as several other beneficial effects. The new inter
national bounds.ry follows the thread of the rectified 
channel. However, rectification of the channel is not 
complete and part of itb projected course has not been 
defimtely decided upon. 

As the Valley approaches San Elizario Island, the 
e.nd main takes off from Franklin Ce.nal and crosses 

,.1e old channel of Rio Grande in isle.nd flume. This 
canal quickly tapers down to s. small lateral and water 
for "the Wand•' is reinforced by two diversions in the 
old channel at Hansen heading. After the island canal 

.. :es.vss :.he ?:-a.n.iilin ::nain. :be :atter, . .apidly • ~apers l.S 

the irrigated ls.nd temporarily pinches out on the left 
bank at Fa.hens. Just below this point the Tornillo 
heading serves Tornillo Canal for the rest of the way 
on the left hank of Rio Grande to the lower end of the 
Rio Grande project. 

All the diversions to these canals are mes.sured and 
are indicative of the gross diversion duty in this valley. 
In order to ascertain the net use, it is necessary to deduct 
the waters returned to the Rio Gre.nde and the drs.in
age recovery from the main drains to which the ir
rigated lands contribute. Coming down the river from 
El Paso, the return water carried in the drainage canals 
is measured above Fabens. The situation ma.y be 
made more complex by the influence of the irrigated 
land in Mexico. 

The dr&.inage ftW developed On "the island II is 
Bi.phoned across the old river channel just above the 
location of the rectified channel u now (1936) projected 
but not yet constructed. This water joins the Tornillo 
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drain, which later meets the Alamo Alto drain, located 
along the hillside edge of the valley from Fa.hens down
stream. The combined drs.inage water return to Rio 
G.ra.nde at the lower end of the project is measured 
just a.hove the outlet. Likewise, tail ws.ter at the lower 
end of Tomillo Can&l is mes.sured as it is delivered to 
the Hudspeth Canal or is discharged into the Rio Grande 
below the drainage outlet just mentioned. These 
three points of measurement a.re a short dists.nce above 
the line between El Pa.so s.nd Hudspeth Counties. 

Hudapeth CountJ Co:uenatlon ud 
Reelamation District No. 1 

The drain and tail water from the El Paso Valley 
system becomes the irrigation supply for most of the 
reroa.ining valley lands above Fort Quitman. The 
Hudspeth County Main Canal extends throughout the 
length of the district system, and its diversion, as 
measured at the hes.ding just a.hove the line between 
El Paso and Hudspeth Counties, plus the Alamo Canal, 
may be taken u the gross diversion duty for this area. 
The Ala.mo diverts directly from the Rio Grande about 
3 miles west of Fort Hancock. The Hudspeth County 
district is developing a drainage system. 

Summation of Diversions and Areas 

The irrigated areas for the entire Rio Grande Basin 
a.hove Fort Quitman, with the adjacent areas in native. 
vegetation. a.re summed up in table 122 by ms.in canals 
or systems. In appropriate columns, the total a.mounts 
of watA!Jr diverted a.re shown. The latter a.re compiled 
from measurements s.nd computations by the Geological 

,-:Surrey, .Division of -Surface ";V .iters, wnic.h ,,,are· being 
published in Water Supply Paper No. 839. These 
amounts ma.y be taken as genera.lly indicative of the 
diversion or gross duty of water for the areas tabulated, 
hut for many areas in San Luis Valley,inten.sive investi
gation would disclose necessary modification of the 
diversion figures because some of water comes to them 
at unknown times, and in unknown quantities, from 
adjoining canals or areas of land. likewise, some of the 
water listed u diverted occasionally is not used on the 
land usually served, but may be used on areas other than 
those listed u subject to the diversion. Ascertain
ment of the inflow to many areas is likewise made com
plex, in undetermined amounts, by the unrestricted 
low of several thousand artesian wells. However, the 
tabulated data. flll'Ill8h criteria applicable to other areas 
where the detailed diversions were not measured or 
where, because of the mwng of waters or area.s, the 
irrigated lands could not be segregated in accordance 
with their a.ppurt.erumt ca.uels and ditches. , 
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The aggregate o.refl.S for the canals in Sn.n Luis Valley, 
shown in to.hie l22t are less tho.n lmlf the Va.Bey's totals, 
but for New Mexico and Texas the systems are such 
that the areas listed cover most of the acreage on the 

Rio Grande Joint Investigation 

mo.in stem of the Rio Grllll<lc. In the Middle section 
tlie aggregate interior valley acreage is greater thai1 
that on the mo.in stem, but complete records do not 
exist for the corresponding diversions. 

TABLE 122.-CanaZ dioer,iom in Upper Rio Grand., Ba.in, by major canal 111111~, 1938 

A.NII served ID 11136 (acres) 
Area 

Major unit mapped 
Tempora• in 11136 Towns, (acres) Irrigated r!ly out of el.c, Total 
croppilJg 

(l) (l!) cai (4) (5) (6) 

GWorado 
San Luis \"alley: o 

Rio Omnde Canal._ ............•.......... ···------····-- 142, UHi Ill, &H s.eei 11 115,516 
FBrnler~· l'aion t:'8.llal. ..................... ············-· Q-4.280 f6. 21!7 2,m 397 411,439 
Prairie Ditch ......•.....•.•.....••...••...... __ .•....••.. 29, 4il · 12. 043 11?6 125 13, 144 
SaD Luis Ve.lley Canal .. ·-··---····················-······ 40,524 11,234 l, 159 u II, 407 
Monte Vim Canal ••••••••..••....••.........•••..•...•.. 33,512 lll,382 371 lU :14, '172 
Empire Canal •••••••••••.••••...............• -- . - .....•.. &I, 341 20, 7114 !125 12 :u,m 

NewJ.fuko 

Mlddle Rio Clrande Coa.servancl District.. •.................. IS7, 882 59,159 :!, 1l80 G,1&5 118, 31M 

Cochitl DlvJmon .••••....•.•••...•.•.......•...•••...•.... 19.439 5.b Ifill 401 6. 778 
Albuquerque Division'·--·········-······-···-····-··-··· ~.IZ'I 22,819 913 4,241 27,973 
Jlelen Division •.•..••. ··--·· .. __ ------ ......••...•.. ·-._ .. 77,044 23, 1195 I, 165 630 2.!i,MIO 
Socorro DlvisloD • ............................. ---··· ...•.. 33. Oi2 7,%17 i'33 1193 11,963 

N•m Mt:rico mruf Ttra• 
Rlo 01'11.Dde Project ........................................... 2J I, liO ™,5S2: 11,204 2,191 187,H? 

Rinooll Valley······-····--················-·····-····---- 2i,914 15, :ll6" 2,129 110 17,445 
Mesilla Valley •.. ----···· ...................... _____ ...... 110,418 82, 1123 6,569 1, .523 90,015 
El Paso V&.lley • ........................................... 72,838 &'l,'23 :uoo MS G0,4117 

Hudspeth County Comerntion aod Heclamatloo District 2'0.1. 21,5115 13,579 J,81? ~-~.-~~----- 16, 3116 

l Areas llere sbowo ror Sao Luis Valier are those served b;- the prlneipal canals cli\·erting from the main stlllJI o~ Rlo Orazide. 
• Including Albuquerque. 
• IocludlDi Sooorro. 
•EJ1Cclud!na El Paso. 

11136 Canal d.herslom (acre-feet) 

Pet acre Per acre of Per acre Tot.al lrriEa™l glnn mappe<l 
water area 

(7) (8) (II) (lOJ 

182,600 Ui3 1 • .5& l. 28 
46,710 .1111 .92 . 48 
10.000 .91 • li3 .37 
21,790 2. 64 2.31 .M 
37,620 l.M l.51 1.12 
57,370 2. 76 2. 64 , 89 

619, 1189 10.48 9.0S 3.30 

75,058 H. 41 12. ll!l 3. llG 
234,!Jl/2 l0.29 8. 40 1.0! 
241,11113 J0.13 9.t6 3. 14 

G8. 046 9.40 7.~ 2. Oft 

~218 6.l!III s. 7i 4.Ml 

78,410 5, 16 4. 411 2.81 
07,058 6.03 4. 63 3. 78 
472,760 8.38 7.1!2 15.49 

77,JM 5.68 5.0J 3.5i 
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PART III 
S E CT IO N 6.-T HE VEG E TAT IVE CO VER S UR VE Y 

The original plan for mapping the vegetative cover 
was much simpler than the plan approved in conference 
at Santn. Fe. Essentially, however, the initial purpose-
that of ascertaining the areas of irrigated land and 
other land representative of vegetation "using appre
ciable quantities of we.ter"-was retained. It was 
finally decided to account, on a map, for 100 percent 
of the area between the lower fringes of the hills and 
bluffs along the main stem of Rio Grande through 
New Mexico and Texas, and to sat such limits for the 
work in Colorado as would keep the map from including 
areas which could not meet the stipulation of "using 
appreciable quantities of water." 

One object of this part of the Rio Grande study 
was to furnish an estimate of the total quantity of 
water completely removed from various parts of the 
stream basin during the season of 1936. This involved 
the determination of the consumptive use of the 
irrigated lands and towns and cities actually given 
water; the consumptive use of "native vegetation" 
~"t given water but taking it by virtue of access to 

water table; and the evaporation from river and 
.e surfaces and moist beds. It was assumed that 

roadways and ra.i.Jroad grades use little more than 
nominal qua.ntities of water; a small allowance was 
set up for such lands to represent evaporation losses. 

'!'he :ollow,:..ng 'lst of Jla.sses 0f ,eget!ltive :md other 
areas was aaopteci for ma.ppm.g: · 

1. Cotton. 
2. Alfalfa and clover hay. 
3. Native gI1IM cut for hay. 
4. Irrigated puture. 
5. Early season annual crops (field peas, small grains}. 
6. Late aeuon a.i:mual crops {corn, sorghums, silage fodder, 

sugar beets, potatoes). 
7. Miscellaneous (orchard, vineyard, tobacco, beans, onions, 

melons, chill peppers, garden truck). 
8. Land normally irrigated but temporarily out in 1936 for 

various reasons. 
D. Areu in na.tive vegetation using water ill appreciable 

quantities and river bed or open water. 
a. Open grass. 
&. Brush. 
e. Trees-Bosque. 
d. Open pooled wa"'ter. 
,. River &nd call&l aurfacea.&Dd e~sed beds. 

10. Double cropped areaa. 
11. Town and vllJage a.reas. 
12. Anu once irripted but not now (largely San Luis Valley). 
, 3. Bare land. 

he original plan t.o ascertain the irrigable land• 
.JJ inside and outside the constructed irrigation 

systems, wa.s revised to cover only those areas within 
the reach of the systems already constructed and 
planned minor additions and extensions to them. 
This curtailment was decided upon in recognition of the 
fact that there could not be any great quantity of wo.ter 
available for extensions of the irrigation system i tho.t 
the arable land available would be many times greater 
than any gross area that could be regarded as feasibly 
irrigable. Thus the final stipulation holding the 
mapping of arable lands to the valley floor along 
Rio Grande in New Mexico and Texas, recognized 
tho.t reclamation and irrigation of the dense growth 
of native vegetation areas merely changed the use of 
water from its natural nonbeneficio.l use in Io.rge 
quantities to a beneficio.l use by irrigated crops in 
appreciably smaller net quantities. In other words, 
such extension of the irrigated areo.s as would displace 
water-loving native ngetation would not increase 
the use of water by those areas but would, in fo.ct, 
decrease it and make more \\"O.ter avo.ilo.ble for g<'nernl 
purposes. 

After the field mapping there remained the essential 
task of converting pictured type cla.ssifications into 
acreage and sepa.ra.ting that acreage into summations, 
by counties, major canal systems, major tributary 
areas, and many other requested segregations. These 
;umme.tions .rnuear in ~he tabuJati~ns ·.\·:iich ~onc!ude 

· t.bis discussion~· · · · · 

Deduction for Roads, Railroads, Canals, etc. 

It was appreciated that all of any irrigated lnnd o.reo 
iB not actually in crop although to all appearances 
wholly comprised of irrigated lands, so 3 percent was 
deducted from the gross areas of irrigated lands mapped. 

Irrigated la.nd is pictured on the maps as nearly as 
possible to true see.le but was tabulated on the basis 
of net acreage or 97 percent of the gross area mapped, 
the other 3 percent being computed by slide rule to the 
nee.rest number divisible by 6 and restored to the 
tabulation u follows: One-sixth to wawr areas; one
half to bare land areas, and one-third to grass areas. 
The water areas restoration was &SSumed to represent 
the water surfa.ces of irrigation and drainage channels; 
tbe bare land restoration as the traveled strip of roo.ds, 
railroad roadbed, farm lanes, and other bare areas that 
consume small amounts of water, such as evaporation 
aft.er precipitation in areas of high water table. The 
grass a.reas restoration a.ceounwd for the wide strips 
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of grass along all road.st between the traveled strip and 
the fences oon.fining the fieldsj e.nd the similar strips 
along nillroad tra.ckst between the roadbed a.nd the 
right-of-way fence; also. the banks and berms of 
irrigation and drainage channels. 

Na.tive vegetation was also tabula.ted for net areas, 
1 percent being deducted for bare land in terms of 
roads, lanes, and nilroa.d beds and restored to the total 
in the bare land classification. No deduction nor 
restoration was made for · the water areas. The 
deductions and restorations were uniformly applied 
throughout the basin, in accordance with in.st.ructions 
decided upon at the June conference in Santa. Fe. 

Practical Operation of 
The Mapping Plan 

Original plans to conduct the mapping simultaneously 
in the three principal sections of the basin had to be 
changed because of the lateness of the season in Colorado 
and New Mexico as oompared with that below El Paso. 
Indeed, although the mappers did not start their work 
in Hudspeth e.nd El Paso Counties until May 4, their 
progress was impeded for a time by the fa.et that, 
even then, many of the crops had not been planted. 
However, the p:redom.inance of cotton and alfalfa. in 
that part of the Valley, and other favorable cireum• 
stances, permitted a concentration of the mapping 
force in the area. Later, as conditions in the upper 
divisions permitted, the origin.al mapping force was 
distributed and increased. Thus it was possible to 
start the mapping of the New Mexico areas above 
Se.n Marcial early in June, and the San Luis a.rea a 
few days later. 

:''.:.e :·ou0,., ing , }!l..l:'agrapns · jescnbe ~he prooiems 
encountered by the mappers and how they were met. 

In general, "land formerly irrigated" was found 
mostly in San Luis Valley, at least in terms of areas 
that may now be identified. In the Middle Valley, 
areas waterlogged a.nd not !armed under irrigation for 
long yea.rs are being reclaimed by the Middle Rio 
Grande Conservancy District. In the map of Bosque 
Del Apache Grant, south of the district, irrigation 
canals are shown, but although some land wa.s formerly 
irrigated it cannot now be definitely located, hence is 
not so tabulated. 

It was found for the San Lu.is Valley that the lands 
formerly irrigated could nearly &Jwa.ys be definitely 
located from &e:rial survey pictures, 1 as these areas 
a.re now covered with a. more luxurious growth of grass 

1 Mm o1 iJM mappma WIii ~ Oil print,., lldJuated propwly w -ie, -.It.In& 
from vari--t ~ ~ 'J'bme wtn aTa!J:ablo at tbe lltlllt ol thfl warll:: 
for the - balcnr Xllllpbant BuU. Dam IIDd tor mucb ol t1le area. m NewMmlcc 
aboY\I &lie dam. They did Id become available far th1 Colondc - until the 
work .bad made ~II Pf'l!ll'NB Oil llt.blllr baMI, but ..-- tblu lad eil.ber 1111 

~ ._ Qr b7 bavm& ~ t.o thlm tbl NillUlu al!cwn Gil u. utha: field 
~ (e.Ji11111G.) 

Rio Gra'fl,(U J<Yim In~Btiga.tion 

and brush than that of other a.re&s. Thus mappers 
may have designated an area as 119b and 12" which 
meant that the land was now in brush but evidencr 
showed it to have been irrigated at some time in th 
p&st. In the tabulation such acreage appears in column 
headed u9b-brush" i also in the column "land formerly 
irrigated'\ but it is not taken into the summation twice. 
In other words, all the acreage listed as formerly irri
gated stands by itself and, having appeared once, is 
not again added into the totals. 

Within any irrigation system :not all the irrigable 
land is farmed under irrigation in any one year. (Care
ful determinations in Ce.liiornia disclosed that such 
la.nd "temporarily out of cropping" for various :reasons 
runs a.bout 20 percent for highly developed diversified 
fe.rming regions, and 25 percent for less intensively 
farmed regions.) This land is not to be confused with 
"land formerly irrigated/' Apparently it we.s irri
gated la.st year or the year before, and presumably 
will be irrigated next year or within a. few yea.rs. It 
is now lying fallow, is involved in litigation, or is not 
fo.rmed because the owner simply chooses otherwise 
for the current year. Such land is usually entitled to 
irrigation water and must be considered in allocating 
an "irrigation requirement" to the major area. in which 
it appears. 

San Lula Valley 

The work in San Luis Valley was handled by thre 
2-ma.n parties, all under the direction of the Bureau 01 

Agricultural Engineering. 
At first much difficulty was encountered in adapting 

and applying the predetermined classification to the 
~MD'l :mci · :onditions Jmting :.n :he V illev. While 
the· ciassiiication served adniliably in the ~ea below 
the Elephant Butte Dam under the high type farming 
methods practiced there, it could not be followed so 
easily when applied to the type of agriculture prevalent 
throughout much of the San Luis Valley. It was 
difficult at times to tell whether water was artificially 
applied or not applied at all but merely expected to be 
present because of the practice of subirrigation on 
surrounding plots. 

Since there is no cotton in San Luis Valley, the no. l 
classification WBB not used. Generally no trouble was 
experienced in identifying alfalfa a.nd clover (no. 2), 
"Native grasses cut for hay'' (no. 3) were, in the early 
pa.rt of the sea.son, often indistinguishable from the 
next class, no. 4 ('miga.ted pasture), aDd sometimes were 
confused with no. 9 a (open grass). Both the former 
classes were flooded with water and usually appeared 
identical. In fa.et, in mrmy cases, after the hay was 
cut, stock was turned in and pastured the remainder of 
the sea.son. The presence of stack butts or hay corralP 
usually indics.ted hay, while gra.ziDg stoek indica.tei 

CO- 003358 

.• 

l TX_MSJ_000438



Water Utilization 

FJotl'lls se.-Avl.11 v!IIW of are 1111t1theast of Mana11111, Colo. (In 
upper left..hmd ool'Dtll), Wwtnitlllg oompluil.il!l!I of mapplllg 
probll!lll& Far iDlt&DIJe, ammm111pper Wt lhGWi nicely tQoan,d 
field,, -.J:r mapped, with othet roedl dearly pletared. ~ of 
~ IS the raoo tnek. tbel:I au al.falfa field bein1 cut (white 
border lmUld a dark Jl',tcb). South IIDd - of M- the 
a.Ids blend Into iaz'p areu of atNam·boUom wid.s w1U.-t 
-.as ofidelltilyl.ag portions ofaectiom. In tbe 1111Dterl.iinoted 11 
)up h!ll 1'1t.botlt apinc!able vmptlltion oover. 
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F1auu vr.-Allrlal view of old Mm!CIIJ! bnp.uid IINIII In Ban Luu Vlllley, 
Colo., D- tQwn of San Luis, llllllltratms; r!bbonllb lhapes of the amall 
rarma. Tile dark U'l!IIS near the bottom IN douda between tll6 a!rplaDe aud 
U. l1'01llld, abowiq tbe need lor cleaz dll:rs Ill aerial phot.ocraphy. Note 
that eanaD IN dark imd l!alldy tOI& an, w:hJta. Extremely dark Aelda an 
m:ully alfalfa. Two stream., enw the picture from the rliht. Thll Im· 
pted Wlds, OOIDllWlded by hlsh-l.ine CIIZWS, ll"II deftllltely loeated OD lltldl 
111llctm'II, The iaz'p camla with &mJWI dJvert Ill two dlrectlom and impte 
dutant land.s not shown 012 thl! vlt!w. 
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posture. Where neither was in evidence the decision 
as to proper classifie.ation rested on the judgment of the 
mapper and was based on the roughness of the la.nd, the 
apparent practice in the neighborhood., a.rid occasion
ally only on guess. When the season was farther ad
vanced, the presence of work.men in the hay fields and 
the new stacks removed any ·doubt. Patches of brush 
often appeared on high spots in meadow land. Il large, 
they were sketched in and called such, but if small and 
scattered, they were ignored. 

.AppliC'ation of the no. 5 classification (early sea.son 
annual crops) was complicated by the practice of com
bining several crops for the purpose of feeding stock. 
This practice consisted in drilling n. mixture of field peas 
and oats, barley, or other small grain into a field of 
volunteer or seeded clover. The resulting crop, its 
various parts distinguishable only on close inspection, 
often appeared to contain but one of them, and might 
be often :mistaken for a field of either clover or grain. 
The classification was further complicated by the great 
mass of sunflowers often found in fields of the Valley. 
During the course of the summer, this combination 
might be either pastured or "hogged down" by herds of 
cattle or sheep, or if not fed thus during the summer, it 
might be cut with mowing machines and stacked as bay. 
After consideration o.s to whether this crop ca.me under 
the classification of clover (no. 2) or, because of its use, 
might better be called a. late sea.son annual or silage 
crop (no. 6), it was :finally classified as being mostly 
field peas and grain (no. 5). 

Probably the only difficulty experienced with the 
no. 6, or late sea.son a.nnual group, was during the early 
part of the season before plant.mg was finished. At 
that time fields were being plowed and leveled, a.nd 

. mmeti.mes .r~!lteci ·~eior2 ·)eing pianieri. ·'Jut :bis ?io~ 
cedure usually indicated one oi the crops in this group, 
and the field was classified according to the indication. 

The largest part of the no. 7 class was garden truck 
and garden peas. The latter were usually distinguished 
from field pens by being cultivated in rows. Occasion
ally a garden had been harvested before the area was 
classified, leaving only a patch of sunflowers. It was 
ha.rd to tell whether it was this year's field or one re
maining fallow from the year before. If other indica
tions were not present, it sometimes became necessary 
to make inquiries. Where these patches had been 
plowed up and leveled they were sometimes confused 
with alfalfa, which may be plowed under at any time 
duri:ng the year. These caaes were few, however, and 
if on closer inspection, evidence was not found to show 
which had been planted, inquiry was made at the 
fa.rm.house. 

No. 8 Oand normally irrigated but temporarily out of 
cropping in 1936) was occasiona.lly confused with no. 12 
(land formerly irrigated but not in recent years). It 

Rio Grande Juim Investigation 

was often impossible to tell how long the land hn.d been 
out of cultivation. If it were freshly plowed, or fur
rows and ra.w earth were in evidence from the last year's 
cropping, its classification was easyi but if a thic' 
growth of weeds covered the area it was not so read.ii~ 
identified. In this case, since the weeds indicated it had 
not been "outn for more than 2 or 3 years at the most, 
the benefit of the doubt was given to late cropping and 
classification no. 8 was applied. The condition of ad
joining farm buildings and whether or not they were in
habited also influenced the decision. Because of short
age of water in the Valley, only rarely were any fields 
found being leached for reduction of alkali. 

Very little that could strictly be called open grass 
(no. 9 a.) was found. There was some along stream and 
overflow channels and between the waterline a.nd brush
line around lakes and ponds. Large areas readily id<m
tmable as brush were often. found in hea,ily alkalized 
areas, but grass and brush were mostly found together 
a.nd were practically impossible to sepllrate. This "'as 
especially true in the sump area, where the entire surface 
was a series of humps a.nd hollows. Se,eral bumps or 
mounds of wind-drifted sand 15 to 100 feet across and 
5 to 15 feet high, covered with greo.sewood brush, 
usually surrounded e. hollow or depression. In the 
depression or pot hole a band of grass and a. band of 
mud or e.lka.li fiat would encircle a pool of water. The 
pool might have remained there since the last rain, or 
it might be fed by a nearby artesian well. It migh+ 
also be completely dry, its bottom covered with gmE 

or alkali. 
Using aerial photos of the area, the mappers traveled 

along the numerous trails, identifying their position by 
the features shown on the map. The pools of water 
-were ma.rkoo--..!3.8 3uch i ·..arge ~nough·,w be identifiable; 
also the large tracts of grass if extensive enough. The 
remainder, including all areas too small to be separated 
a.nd the Jarge areas consisting of a. mixture of both 
brush a.nd grass, was lumped together and called brush 
a.nd grass. 

Trees were definitely identifiable and were so noted 
when in large enough groups to show on the map. 

No double cropped areas were found :in the Valley; 
hence, class 10 was not used. Towns a.nd vil.ln.ges were 
outlined as closely as possible and classed as no. 11. 

Classification no. 12 (la.nd formerly irrigated but not 
in recent years) gave some trouble, being confused "·it,h 
both classification no. 8 (la.nd temporarily "out") and 
no. 9 Cuative vegetation). In many cases, because of 
the practice of subirrigation1 the land possibly bad 
raised crops for many yea.rs with no surface irrigation 
whatever. It had later become seeped a.nd alkalized 
as a result of irrigation above it1 and consequently 
abandoned, thereupon reverting to brush and grass. 
Often the reversion was so complete as to defy distinr 
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ti.on from adjacent areas of virgin soil. In such cases 
the presence of old irrigation ditches and borders, or 
the difference in elevation of wh.e.t might have been the 
'lled field &.nd the undisturbed border of the field, 

1sed by wind erosion of the plowed part, e.nd other 
.,,.ich indications, were ta.ken as evidence of former irri
gation. If such evidences were lacking, the word of 
residents was taken or the condition of the surrounding 
e.reas was used BS an index. 

The question of a limiting line or upper boundary of 
the mapping often arose. At first it was thought that 
everything below 8,000 feet elevation would be mapped. 
It was found, however, that th.is pra.ctice could not 
always be followed. Rh·ers and canyons were followed 
up es far as there was e.ny appreciable amotmt of crop 
la.nd. 'Where the floor of the Valley ended at the foot 
of the mountain slope, the mapping was carried up to 
any high-line ditch or to include the flattest part of the 
land, which might possibly later be placed under irri
gation. Where hills rose from the floor of the Valley, 
crops and abandoned crop lands were mapped as they 
appeared, native vegetation was mapped on the flatter 
slopes and the steep slopes and hill tops were marked 
BS high land, above irrigation. On topographic sheets 
the work was sometimes carried up to a. certain contour, 
but usually the limit lines were sketched in by eye 
between already established points. In this manner 
some land W"as included which was later eliminated in 
•lie transposition to the o.ir photographs. 

?or instance, in an a.rea of native vegetation, the 
... iit on a mountainside was originally established by 

estime.te and a general line was drawn. On the air 
photographs the changing slope and the condition of 
the vegeta.tion usually indica.te.d a far more distinct and 
'}etter. '.orn tcd line, ~han the ·Jr:ginu1, :i.p·d ·,he :unit .·,1.:as 
then SO 11ltere-d as to C'Onfonn to the o.ir photographs. 

On completion of the actual field work, pnrt of the 
map was on sheets of various. kinds, the remainder on 
the air photographs. The latter portion included large 
blocks for which the air pictures became available 
before work was done in the area by other means, the 
strips originally left along major streams, and scattered 
patches of several sections each, which had to be left 
from time to time because they were too difficult to 
traverse. 

While considering means of arranging these various 
work sheets into a comprehensive map which could be 
easily handled during the subsequent office work, it 
was suggested that all the work be transposed to the 
air photographs, all of which were then available. 
Such tra.usposition would necessarily have to be ma.de 
sooner or later as the details in the final report would 
be hnsed upon the aerial survey which, as had been 
discovered, occasionally differed somewhat from the 

.:~al mapping. In the original work it had often 
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been necessary to idealize some fields and lump others 
together. On the air maps it was generally poss~ble to 
differentiate the various plots more clearly. It was 
thought that the work of transposition could therefore 
be best done by those familiar with the conditions . 
The results depicted would then be uniform over the 
entire Sa.n Luis Valley, and would compare favorably 
with those obtained in New Mexico and Texas. 

This was decided upon ns the best way to complete 
the work. The small aerial work sheets were pasted 
together into several large blocks each about 3 feet wide 
by 4 feet long. By comparison with the original field 
sheets, each plot was then identified and classified, 
corrections in size and shape being made where 
necessary. 

Middle Valley 

The field mapping of the West Side tributaries 
(including those south of San Marcial) was done by the 
Resettlement Ad.ministration under the immediate 
direction of Ralph Charles, land planning specialist, of 
Albuquerque. The areas along the ma.in stem of the 
Rio Grande, largely comprising the Middle Rio Grande 
Conservancy District and most of the East Side tribu
taries, were covered by the Bureau of Agricultural 
Engineering's field party. During the final 6 weeks of 
the field work, a party of five men from the forces of 
both the Bureau of Agricultural Engineering and 
Resettlement Administration, covered the remaining 
areas in Espanola Valley and a.long the small streams 
entering the Valley from the east. 

Field maps.-Throughout this region the field 
mapping was done on prints resulting from an aerial 
photographic survey of the Rio Grande Basin 1n New 

• :.'Yf e:rico. :10rth ·:ii ~he T,,_,;rty~;hirci .;jarallel. :'or :he :3oil . 
Conservation Service. The flying for this survey wns 
done by a western corporation during the 1935 season, 
but most of the fields were easily located on the prints, 
and identification of the crops according to the 1936 
classification plan involved no general difficulty. With
out these aerial photographs the field work would have 
been greatly increased because the fa.rm descriptions 
do not conform to Federal land survey units. The 
present farms originally may have comprised large 
blocks of land, but in willing their property to their 
descendants, successive owners subdivided the places 
into as many pieces as there were heirs, each piece being 
so shaped as to have contact with the irrigation diteh 
and the road. This. process, continued through many 
decades, resulted in irregularly shaped ribbons of land 
sometimes as narrow as 5 or 6 feet, but sometimes as 
long as e. mile or even more. Accurate mapping of the 
crops on such farms was tedious and frequently difficult. 

However, boundary lines were dear-cut, as was thn 
case below Elephant Butte Dam. The leader of one 
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of the parties had started his work in the latte.r :i.rea, 
. a.nd 'ipp.ueu ·.he ,a..--ne. ~ritcria. t,ha t .aad oeen aaopteci 
there. 

Scale. of maps.-T.he scale of 2 inches to the mile, 
decided upon for the drafting of all the maps, was found 
to be infeasible for field-mapping parts of the Middle 
Valley, chiefly because of the peculiarity just described. 
Therefore, where the major areas were ba.dly congested 
the photost&ts were ma.de on a scale approximating 4 
inc.bes to the mile, or twice the original scale. On this 
scale a square 40-a.cre tra.et is 1 inch on the side; hence 
it permitted locating wd proper classification of fields 
u small as 1 or 2 acres. The tabulation of areas was 
based on the :field designations, even for very small 
patches. However, on the map intended for final 
reproduction, many of the ame.ller areas could not be 
ma.rked with a dasMymbol and had to be grouped 
together under a rniBCNl•ueous classification. Thus all 
areas along the trlbuwies in New Mexico and the 
main river from Embudo to Belen were :field•mapped on 

the 4-inch scale. The ·.routhern portions Ji she· ireas 
· a.long the river were mapped on the 2-.i.nch sea.le. 

Lower Valle1 

Although the Lower Valley served in a way e.s a 
training school for the mapping p&rties because the 
program was initiated in this area, the difficulties 
encountered were fewer thaD those occurring in the 
other sections. Favorable weather throughout May 
and June, coupled with a liberal assortment of good 
roads and the fa.ct that the automobiles used were in 
serviceable condition, favored rapid coverage of the 

· country. Equally favorable were the geographic cir
cumsta.nees eha.ra.eterizing a narrow and definitely 
bounded valley and the fact that clea.r aerial mape of 
recent date were available :from the beginning of the 
work. These we.re in mosaics on the 2-inch to the 
mile scale except for the section between San Marcial 
and the thirt,y.tbird parallel, for which only contact 
prints were available. While these latter needed scale-
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correction before being worked into the finished map, 
they involved only a ema.11 area of agricultural lands, and 

\T use caused no delay in. the field work. 
he mosaics were made available by the Intema.

wonal Boundary Com.mission i the contact prints by the 
Soil Conservation Service. Also used in orienting the 
mapping parties and guiding the office dmf tsmen were 
various maps based upon accurate instrumental surveys 
by the International Boundary Commission and the 
Bureau of Reclamation. These maps likewise were of 
great assistance in forwarding a.11 stages of the work. 

The mosaics showed the survey course of the river 
below El Paso projected as well as partly constructed 
by the International Boundary Commission. As 
planned, the rectification would afl'ect certain. lands in 
bends of the unrectified channel by transferring some 
areas formerly in the United States to Mexico, and 
vice versa. To f a.cilitate its programt the commission 
had acquired title to such lands, and pending completion. 
of its project, had removed most of them from agricul
tural use. Such of these areas as were north of the new 
channel were mapped as in native vegetation or 
"temporarily out of cropping" according to their more 
prominent eha.racteristics, if in fact they were either 
not actually fa.rmed or were incapable of being farmed 
for various reasons. 

The mapping parties were in.structed to show on. their 
· ~~s all land from the foot of the bluffs north of the 

.· to the new cha.DJJ.el where the latter actually 
. ...oted1 and to the north bank of the river in those 
stretches where the projected canalization had not yet 
been effected. An important exception was ma.de in 
the ease of the "island" section below Y sleta, where a 
;a.,.5 e :ntensiTe}:,· ~-:armeci u-ea. .,,i. T ~xas ~.anci ]es 30uth 

of the river, although north of the channel existent when 
the original international boundary was established. 
Adjustment of the boundary (in terms of the rectified 
channel) e.fiectin.g this so-called island has still to be 
made; the map was therefore carried to the fringe of 
trees and other native vegetation whlch marks with 
approximate clarity the course of the old channel. 

Similarly, since the construction of Ca.hallo Reser
voir, now under way, had not started when the mapping 
parties were at work, the a..rea. presently to be sub
merged by its storage was mapped in accordance with 
the scheme of classification applying to other areas. 
and so appears on the finished map. (Pl. 18.) 

The principal handicap t.o a.ecurate field work in the 
Lower Valley was the fact th.at planting had not been 
finished when the mapping was started, . nor was it 
entirely finished for several weeks a.fterwa..rd. Simi.
J.ar]y, the planted crops on many farms had not yet 
come up and could not be identified with usura.nee. 
· -, further probably affecting the a.ccu.racy of the map 

his area was the uncertainty as to wha.t cropping 
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changes would be made under the operation of the Soil 
Conservation Act as successor of the Agriculturnl 
Adjustment Act. To a considerable degree, therefore, 
the mapping of this area was una voidabiy based upon 
anticipated rather than realized plantings. Because 
cotton and alfalfa together represent the greater pa.rt of 
the cropped area, this complication resulted especially 
in the mapping of larger acreages of cotton a.nd new 
alfalfa than those later harvested. While the :field 
parties sought to resolve frequent doubts as to the crops 
by interviewing the farmers operating the areas in 
question1 it was not always possible to do this without 
delaying the work unjustifinbly; reliance was then upon 
their best judgment as guided by such indications as 
stalks remaining from the crop last planted or :field 
preparations suggestive of the crops later to be grown. 

These were doubtful guides in both El Paso and 
Mesilla Valleys because they applied to many areas 
included in the extensive cotton-reduction programs of 
1935 and preceding seasons1 which actually were not 
returned to cotton notwithstanding early indications 
that such return was planned for 1936. (See footnotes 
and accompanying discussion of table 151 p. 313.) In
stead, ma.ny such areas are now known to have remained 
out of production entirely or to have been planted to 
other crops. 

Total Irrlpted Cotton Alt&l!'11 - - - -
RllltJOD V aller: 

BIU'e&llO Reclamatiou .......... acres.. 211,MJ 
Btlleall of Agrleullm&I EngmeeriDg, 

acres. 27, UH 
Dlffennce ................ aeres.. 1, 2113 

. Do ................ pm,ent.. ~ 
Mes!lla Valley, N. Mex.: 

13,528 6,50t 2,800 

16. 206 G,6'6 3,231 
l.&78 1,142 ,:11 

12 21 l.5 

3muu of :t~Ja.matloll ..•. ___ ~r~s..., 95, ::v7 : 
3ureau of AVtctiltum! :, IJlineering 

J.C. }15 ;o, '.Xl9 ::. 578 - --- 96, SSO 72,2.'18 47,505 J.1,740 
Dlffmmce ................ llCrt's •. 1,283 7,343 S.•QG Z002 

Do •••.••••• -----• :iien,ent •. l 11 22 111 
Mtdl.la Vllllay~ex-, ud Tu.: 

Bureau of ation ....... --llm\!8.... lOQ, IZI 7t. 813 cs, 21!6 lt,8.22 
BtlNW or Alrill11lta.ral El:lllneerlug --- 110,.18 B2, ll23 M,513 17,077 

DU!---······-------·--ecres .. l, 2116 8,110 11,247 2,255 
Do ....................... percent 1 lJ 20 15 

Ml8fil& VlllleyiiJ;!;1,.·ii,. Bureau or lfou ......... 1em1 •• 1.3,1126 U,898 G,:157 2,M4 
BW11811 llf Apfollitun.l EllJdDeer!Dg 

13,838 7,008 --- 10,665 2,337 
Dlfl'an.nce .. ---··· •••.• ----. 12 'lf,7 7.51 1113 

El~ vd:0-·······-······peroent. - 0 8 12 II 

Bunau Becla.matlou.._. ___ ... ecru •• 71,4'111 00,460 30,575 1.3,17'8 
.Bu.-u ol' Asrtculma.l E~s 

72, 1!38 8G, t23 /rl, ill3 H,812 ---Dlffenmoe.-•• -•• -•• -... aaes •• 1,380 6, 1lG.'! 8,918 l,e34 
Do ••••••••••••••• perceut .... 2 u 23 13 

l~11tte dlstrlct: 
or Reclr.Dl&UoD.---···-·· 121,918 78,W 44,513 15,478 

BllrlllllU ot Apiolllmn.l EIIClneerins 
124,ffl 87.464 M.151 l'f, 7111 --· D~ •••••••••••• lleffl •• 2,5~ 8,021 Ul8 2, (113 

Do ••••••••.•••••• pm"Cent. 2 11 21 UI 
Bl Pa,o 0-C;J ,nw tmprov-t '115-

1111:1; no. 1: 
BW'Mll o1 Recl!I.Dllltlo11 ... _ •••• acres •• ~304 00,358 38,832 u,,szi 
BtlNW of A.pim!ttm.l Engmeerlua: 

118,876 117,(188 "-801 11,6'11 acres •• 
DUl'enmoe •••••••• - •••• ._._ 1,371 a.no 7, aGll J.127 

Do •• ·-····- ...... l'llrolm.t •• :i 1l 2l 12 
Bio Onmcle pro,lect: 

81,:k.i! B111at1 Ill 111clamatiml..---··--· ll07, 222 138,801 IO, IIOO 
B11m1,11ot' .lpillal=-1 ~ 

211,170 1M,M2 98,652 M,a:!O ---Dl1ferel11G8--·-·····-·-·· 3,IH8 lb,761 17,307 f.,32tl 
Do ................ perouit •• 2 11 21 H 
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Mapped areas and correspond..i.ng acreages reported in 
the 1936 crop census of the Rio Grande project are set 
out above, without con-active adjustment to account for 
the complications a.lrea.dy described and the equally 
important handicap to accuracy diacussed in succeeding 
paragraphs of this chapter. 

Mapping of the entire area below San Marcia.I was 
done by the Bureau of Agricultural Engineering, except 
for the valleys of the small West Side tributaries in 
New 1\.!exico, which were mapped by the Resettle:ment 
Administration. No such tributary areas required 
mapping on the other side of the river in either New 
Mexico or Texas. The mapping included no areas in 
Mexico. 

Results or the Mapping 

The results of the mapping are summarized in table 
123 from details appearing in tables A, B, and C. 

The agreement of the mapped acreages of irrigated 
crops with other 1936 compilations is reasonably close, 
in the case of the Middle Valley areas. (Seep. 309) 

The mapped areas for San Luis Valley are substliu • 
tially less than the corresponding acreages reported 
by the water commissioners. (See table I.) In thil.'I 
case the discrepancies appear to bear out the conclu· 
sions of previous investigators, that the cobl.Dlissioners' 
figures are generally too high. (See pp. 291 to 302.) 

Partly for the reasons already mentioned on page 
411 the irrigated crop acreages mapped for the a.reas 
between Elephant Butte Dam and Hudspeth County 
are in excess of those developed by the 1936 routine 
crop survey conducted by the management of the 
Rio Grande project, and are considered too high by· 
the Bureau of Agricultural Engineering. However, 
1.c; stated m -11agc 406. a deduc!ion of 1 ".>ercent ·vas 
applier!. u~i~mly throughout the basin,. to convert 
gross mapped areas oi irrigate,d land, areas temporarily 
out of cropping, and areas in cities, towns, and villages, 
into net areas. In the case of the Rio Grande project, 
which has an excessive number of •drains and cane.ls, 
this deduction should have been increased-perhaps 
doubled. At the other extreme, the 3 percent deduc
tion was undoubtedly too large for San Luis Valley. It 
is considered to have been about right for areas along 
the main stem. of Rio Grande in Middle Va.lley, though 
too large for the interior va.lleys. 

Since it was the decision of the May conference to 
apply a percentage deduction uniformly throughout the 
basin, 3 percent was about as fair a proportion as could 
have been eelected. 

For the Lower Valley, while a doubling of the deduc. 
tion would not s.eoount wholly for the discrepancies, 
considerntion of the appropriateness of such an increue 

Rio Grande Joim Investigation 

and of the complications afi'ecting the field work as 
set out on page 4U, should establish a reasonable 
degree of harmony between the two compilations. Th~ 
disagreements a.re not considered large enough to ma1 
practical differences in determinations of consumpti,1, 
use requirements for the project, especially since many 
areas tempore.rily out of cropping may be expected 
to return to production eventually if the water supply 
permits. 

Map platea 

The final vegetative cover maps in separate accom. 
panying this report comprise plates IO to 22, inclusive. 
Originally drawn to a scale of 2 inches to the mile, the 
printed results, in colors, are on a scale of 1 inch to the 
mile. They cover all areas showing irrigated lnnd along 
the main stem of upper Rio Grande. In addition to the 
usual basic features, these maps show the vegetative 
cover and the stream- and cnnal-gaging stations that 
form important parts of this investigation. 

Plate 10 "Mountain Valley of Rio Grande" begins at 
the upper limit of irrigated land as found in the field 
mapping and extends nearly to Del Norte. The halo.nee 
of the area in Colorado is shown on the map of 11San 
Luis Valley" (pl. 11, in two sheets, the "north half" 
and the "south half"). This plate shows, in green, the 
detailed location of the intensive study areas indicated 
for Colon.do on figures 75 and 78. South of the canyon 
sf.'Ction in northern New Mexico e.H of the "plates' 
form complete units as known in the region. Espafiola 
Valley (pl. 12) covers lands largely in three Indian 
Pueblo grants. The four operative divisions of Middle 
Rio Grande Conservancy District(Coehiti,Albuquerq ue, 
Belen. and Socorro) 1re covered :n 'Jlntes .13 :o ·: 6. 
inciusive. · 0n J1e "Beien .Dh·ision" (pl. 15) is shown-~ 
green, the detail of the "Isleta-Bden" intensive-study . 
o.rea indicated on figures 75 and 83. The "Bosque Del 
Apache Grant" (pl. 17) extends to the fower end of 
irrigation at the head of Eleph1mtButte Resen·oir. The 
base maps for pla.tes 14 to 17, indusive, nre repented 
(as pls. 6-9) by the Geologica] Survey in its depiction, 
in red overprint, of the ground water conditions in the 
areas covered. Below Elephant Butte Dam, the ir
rigated land commences in Palomas Valley (pl. 18). 
The Rio Gra.nde project of the Bureau of Reclama· 
tion is covered in three plates (l 9 to 21, ind u
sive), showing Rincon, Mesilla.) and El Paso Valleys. 
Mesilla Valley (pl. 20) was used as a whole for the 
intensive-area. study indicated on figures 75 and 89. 
The final map of "Hudspeth CoUDty" (pl. 22) shows 
but little irrigation not included in the boundaries of 
Hudspeth C',ounty Conservation and Rednmation Dis
trict No. l. 
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Water Utilization 413 

TABLE 123.-Area., of 11eget0,ti11e and other cmier in Upper Rio Grande &&in (Summary, tables A, B, C) 

-Apicu.ltunl &Dd other !Ji nds artificially th·en 
Othrr 'll'&trr•using 11roa~. nonlrrigarr,l 

Ma,/Or 1111it Totala.ra _ ..... mapped 
lnipted 

1111933 

Total, Up~ Rlo 0f&Dde .Basin ••••••••.•••••••••••••••••••••• 2. 092. 817 923,.1414 
C<>lorado (total) •.••••••••••••••••••••••••..••••••••.•••••••... l,446,1152_ ffim 

CJO!l/d bum 1111•11. •••••••••••••••••••••••••••••••••••••••• 733,f~ T/7,1122 
Live area •••.••••••••••••••.•••••••.•••••..••••••••.•.•••• · 713, %17 322,321 

Sooth,..est a.r~a u defined ln Put 1 •••••.•••••..•.•••• 482,631 270,:!M 
Southeast ~a ••••••••••••••••...••••••••.••••••••.•.• 230, !!AG 5U'il 

?,;e11· Mulro (total) .•••••.••..••••••••••..•••••••••.•••••.•••• 637,&W 242,llll4 
Colon.do State !me to Buckman •••••.••••.•••..••••••••.•• 127. 729 1S.1T.l 

Areas on main stem or Rlo Onn<k •••••••••••.•••.•••. 12,878 S.fi9l 
West Side tributaries (to ud !.ncluding Rio Chama) ••• fV, llll 2P,lM 
Ea.st Side trlbnw!es ••••••••..••••••••••••••••....•... 6&.i-40 40.1211 

Bnckrnan to IICUth lxundary Middle Rio 01'1i!'de Con-
l!l!J'Vlll'C, District. ••••••.•••••••••••••••••••.•••••••••.•• 211,788 7US0 

.Areas on main nem of ri\'t'I' (Middlr Rio Grande Cou-
11el'\"ancy Dl.5trlcl) ................................... Ul'i,682 fiU, 159 

Wut Side trlbutlll'ics (all b«-low Rio C'bama) ...•.••••• 34,104 17. 531 
Bosque del Apecbe Grant.. •••••.••••.....•••••••••••••••• 12, 1,83 •••• 919. B,~e d~J A~be Grant to San Marcial. ••.••..••••••... 4,811 
San iarclal to El~pbant Butte Dam ...................... 26,147 ..... 89, 902· Elephant Butk> Dam to Texas Stair lln~ ....••••••••.••••• 144,838 

Paloma.• V&llf)' ....................................... 10,383 830 
EJ~pruant Butte Irrigation Dist.rlrt .................... 124, 49-f 81', 46,1 
'West Side trib11tarlt's ...••••••.•.•••••••••••••••••••••• 9,961 1,608 

T('US (total) •••••••••••...•....••••. -·--····· ................ , 108. 271 I 80,A.~7 
El Pa.so County Wa!ff Imprc,,·ement District No. I. .•... 86, 6i'6 67,088 
Ba<isl""th Count}' ......................................... 21, 5115 13,579 

Measurement and Summation or Areu. 

The field mapping resulted in pictured areas, to scale, 
of 18 classifications of land and water. It remained to 
~:ert these pictures to classified acreage, under vari-

~l 1t Uhummations. The acreage of a single tract of al
C, say, was of no interest; the total acreage of alfalfa 
on a. field sheet was desired. The method of measuring 
areast in connection with field maps resulting from 
aerial photographs (p. 409), was fast and accurate and 
1s :·ar 1s mow,1. :r:rrnreceden teci :.n mch 1se. .. · 

. Photostats from the aerial views were made ~ some
thing approximating exnct sen.le o.nd these used in the 
field. A field was identified as to location and the crop
class number or color is penciled on the print. 

Two methods of acreage determination were used in 
the, Rio Grnnde work. Both employed sheet celluloid 
ns n medium. For the more complex areas, the bound
aries a.nd class numbers of the tract were traced on 
drafting linen. This linen was then secured by small 
office staples, between two sheets of celluloid, each 
0.0075 inch thick. The whole assembly was then 
weighed on a precwon chain balance. The 'various 
areas were then cut outt opposite pieces of ceUuloid 
were dropped in numbered compartmentst and the inter
vening piece of linen was saved. The celluloid frag
ments in each compartment were carefully weighed a.t 
one time and the weights were tabulated. From some un
mapped pa.rt of the celluloid assembly sheett areas of 
exaet]y I ,000 acres or some other known size, were cut 

_1.--..:?J a template. This test block and the l"'(>.mnants 
Juloid and linen remaining after the cutting of the 

water 

Tempor&r• Clt!ei, T:i~::P,· Barr land, 
Nat!\·e Water and Tora! non. Uy out of towns.and ri,cr bed roads, 

m;ppiq vlllllces 11:ld towns vei:;etation surrare~ lrri1ra1rrl rJ.gbts-or-
way, etc. 

46,319 18. 1113 W.S,8:lii 9tS, J'i'l 119. 21i., I, n17,41!6 811,525 
1U1!i II. 02ll ~.261 I 737. ]ml 13, ;62 7:.0, 001 70.UU 
s.1m 1, 1134 28,, 831 ~.OH 4,0IO -!U!, 024 37, 5;0 

lO. IW ~. llll~ 337,420 3.'13,l~ 9, ,w 342,937 32, 8i0 
7,228 4, l03 281,681 1;6, }QI 5,549 )82. i10 18, JIO 
2.1176 882 55, 73g 156,994 3, :?03 JfJ0.19, 14,'iM 

fl. i!Ai 12, ot/ 276,462 193, ll6 53,59! 246. iO, H,725 
... 334 3.110 82,611 31. 022 10,9M 42,578 2,334 

374 233 6. 4gs 3,65l 2,336 ~. 91!, 393 l, ::1117 .'564 30, 1125 11. 645 5. 973 17,618 468 
2, D.53 2,313 45. 39-1 lfl.3:lf\ 2. IW7 1~. 973 I. 4;3 

8,323 i, 141 92.15-1 96.W. 25,532 122.039 7,593 

2, ll80 6,165 fl8, 3041 90, 40! 21,895 112,296 7,1Jf;2 s. 3-13 1176 23, l,.'l(l 6,100 3,637 9, 743 ~ll 

••••• 331> ~ ...................... ~ 

::::I~:::/ 
JO, 1"4 1, g;o 12. 1:14 +4Y 
2,617 w. 3. 524 38 

··s,4~ 2:1. 011 3,364 25, 4.~~ 602 
I. 84\1 !111, ]35 JO, 842 40. 977 3,619 

601 llOf 1,635 I ,, 435 I, 100 8,625 123 7,362 l, t(H 911,230 ! 18, OOI r..2~1 24,SliS 3,400 
631 138 2;377 I 4,0ilf; 3,40! 7,497 87 

~ 6511 787 I s1, 113 I 17. l!!ili I. 94~ IV, 7!l8 1,:'50 

r:t? I. ....... ~. 11,m i II, 95, 1,81ll 13,818 l, 14) 
15.300, 5. 800 81 5. 981) 219 

areas were also weighed. OhYiously the sum of the 
weights of the classed fragments, test block, and rem
nants must equal the first weight of the whole assembly. 
If the variation was greater than one pnrt in 1,000 the 
v;ork was repeated until the error was found. Thus, 
the acreage of perhaps 50 tracts of alfo.lfa was deter
mined at one operation, whereas the use of the plani
meter would have permitted only one tract at a time 
t-0 be measured. The field sheet itself remnined as the 

·. ;ier::nanen"t :-ecord·. 
\'fhere the fields largely conformed t.o tliC' s(•ciionized 

Jund, in nicely squnrcd tracts, n simplN mrt.hod wns 
used. Celluloid 0.015 inrh thirk wns laid over the fil'ld 
sheet and the boundaries n.nd numbl'l's of clnssified 
fonds were traced with a sharp point held at an acute 
angle with the sheet. Th.is cut n mnrk without remov
ing shavings. The celluloid wns weighed nnd the 
weight was recorded. The various tracts nnd a. test 
block were then broken out by bending on the scratched 
lines. The rest of the process was unchanged. The 
weight of the test block was then adjusted two ways: 
(a) The field photostat was compared for true scale 
with surveyed distances, such as highway or railroad 
tangent lengths. Thus a coefficient of area was deter
mined. (b) The test block weight was then adjusted 
to include the 3-pereent and the I-percent deductions 
as explained on page 405. The tabulated computations 
of some 60 columns were then completed by means of 
o. 20-ineh slide rule. From these detail summn.tions 
tables A, B, n.nd C, shown on the following pngri-t weni 
finally developed. 

CO- 003365 

TX_MSJ_000445



416 Rio Grande Joint lnt·estigation 

TABLE A.-Land., under irrigalicm and other water-u,ing 

Mappedanas : 

Aiuicultllrlll and other lands Bl'tillciall; 
riven ,.-ai.er Other .. -acer-using areai.. nonJ.rrigal<ed 

I 
I 

Unlt I 
Total - Tem- Cities, Toi.al Water Areas Bare 

mawed In-1,ateod ponrll:r towns, irril!lltoo Native Alld ri~er, Toi.al rormuly lll!ld, 
ln lll.16 out of and •"out.'' ''!!!!•· berl nonlrri· lrri• roads, 

cropping 11ru.ces and tat1011 rnrfaees rated &&'led rl1l!ts-of, 
t~m way, etc. 

--------------------------- ---
L ive a-, h~· BUB&IIlll-Cont!uued. 

" ·42 / 

R 

Southeast al'!lll, by st--Continued. 
Culabra Creek ••••••.•••••.•••.••••••••.••..•...•.••..••.•••. 101, g:zo :.al,047 zu~ ~ 31,716 61,300 l, 16:1 ti2,i62 9,9a2 _.,, I 

Costilla Creek ••••.••••••••.••••••••••••••••••.••.••••••••..• 2,257 l,~ UJ 21 1, fl!!! :!,fl 327 568 242 ~11 Culebra and Costilla Creeli:s. mixed ..•••••••••••••••••••••.• ~WO 2,lf.l 883 81 2, (11)8 15,WI 457 16,45] 2, %lJ 1,911 
(Costilla Creel: II! Colorado and N'e"· Mexico) ••.••.•••.•.••. 5,521 :i,llOO 1158 81 •• 100 510 623 l, 133 242 21,~ 
(C05tllla and Culebra Cl1!Us mlxtd, In Colorado &lid New 23,804 2.132 3S3 81 2. 7116 18. G.30 457 19.067 2.1169 l, 921 

Mexico). = = =I= . = = ·= = =1 lo 01'11llde l38.$ln ill Colorado, b>· rounties:• 
Mlll&'Bl. •.•••.•••.••.••.....••.•..••.• ----. --- .• ---- .•••.••.••... 1,m ft,67.l 11.673 ll5 1, )22 1,237 23 89 
Rio Ol'ailde •••.••..•.•••••..••..•..•..••••••••..••.••..•..•.••••• 1116. 402 136,892 4,15.:> l,lilll 142, 80!; 36,M! &7 37,411 13,1$1 

}Mi I Alamosa ......................................................... 39.'i. 9711 106. i34 4,812 1,161 U4, 7U7 2(19.124 3,09i 2i'.2, 221 44,IIJO 
Co11ejos .•••••.••..•..••.•••••••••••.••••••••••••••••••••••••••••• 213,806 125,Mi 4,661 2, O& 132,378 611,522 2,979 ~l,:'!Ol 35, 18/i 9. 1127 
Costilla .......................................................... 211,Sll ~I, IIO 2. 876 811~ .!M,878 IJD, 200 3,:;ro 142. fOO lil.605 H,34~ 
l:iaguache ........................................................ 430. 8Jjj 171,182 l,Si5 7~2 173,809 2'23, 676 2,5-04 226. 182 48,420 oo, s~; 

, Small area lll llimdale Con11ty included wltll M"inilnll County flcures, as line could not be ldenWled by n:iapp~ p,a.rtlas. 

I.Jnit 

TABLE B.-L4nds und£T irrigation and oth£T waler-using areas in Rio Grande Bruin, 

Total 
llll'ea 

mapped 

Mapped areas 

1 

Agricultmal and other l.a13ds Mtiflciallt I 
.riven ,·utn 

Telllr,o. CHiM, Total 
In-i,al<ed l'Vil}' to.,,ns, lrrlrat~d. 
In 1936 out or IUld 0 out•'and 

crnpping v!llqes towllS 

0 lbet ,-·atcr-usln1 ar~as, nomrritated 

Wo!er Bare 
Native Total land 
1reseta- and rivet .E!D.Difrj- road bl;!d Sllr• ,ion fllce.s Pted rights,, 

llr&f!,fk. 

----------------------------1----,---- ---- ---- ---- ---- ---- ---- ----
Total, State llne to S1111 Marcial (Middle Vall~y lil"!'s)...... .................... 300,1!09 152,782 13,187 IO, 251 !76, m H0,910 39,365 180, Z75 10,414 ---------- -------- ---- ---- ---- ----

~:.!r :t:lih!:~3~~-d-~:::::::::::::::::::::::::::::::::::::::::::::::::: 2~:m :::: ::~ t~ ~}~I 1f;l:ffl _ ~:~n 1;;:m 1
·~ 

]io ;~~l: ;;~;;;~-~-\:~:.~;-~:~:~~~~:~:,~~~~~~~::~::~:;:.::;::::~;;;;;;;;: &.~o ~ - ,:. u~ --~;~;~· ••• ~;~;;_,}f~;~--~-~~~;-,~~~;~. =~~;;_, ... :1,,;: .... ~\::+-··;·~-. 
R!.oconada to Embudo l{ARr (T.,,.• Couiny) ...................... "... ••• •. ij 202 31 13!! l6U · i 

ll,3411 4,894 341 Embudo to south lin~ of Rio Arriba County................................ 20~ 5,HO 2,2-IJ l,4211 3,6611 :NO 
Rio Atriba·Santa Fr Countie,s llne to Buck man. . . . . . . .....•.. _.. . . . . • . . . . 20 &,o l, 317 i72 2, 149 U6 3.1~1 806 30 
Buckman lo Middle Rio Grande Conservanry Distrirt '... .. . . .. . . . ....... · = = --- · 
Middle Rio Grande Col'l$e!'\'ancy District.................................. 6, 1115 611,304 llfHOl 21,8115 112.2116 7,002 

. = = 187,682 311,151) 2, g(jQ 

Cochlti Division (all ln Sa.Ddoval County).............................. ~01 5. i/8 !l, 2'32 l, 628 12, 7ro !IOI 19,439 11,208 M9 

AlhuQucrque Dh·ision ................................................. . 

In Sando\·al County ............................................... . 
ln l:la~illo County .•••.••..•.•..........•...•.••..•.......•..•.•. 

Belen Dlvl$lon .••••••.•..•••••.•...••..•.•••.....•..........•. "' •..••.. 

In Bemallllo COUIJty ••.••••••••••••••..••••...•........••...•..••.. 
.In Valencia Ct>wln- .•.••.••..••..••..•.•...••.••.••..••..••.••.•••. 
m &oorro cou.nty ......•..••.•.•••...•.•..•..•.•.•......••.••.•.•. 

~~: :=:i :~2::1.-.·.::::: :: ::: :::::::::::::::::::::::::: 
Socorro Divl!loo (all Sooono County) ................................. . 

t::i~: ~!l !=: &:l-ios"aii-Mai-e~c::::::::::::::::::::::::::::::::: 
Totals, main s~. by COWJtlrs: 

TIOII •••••••••••••••••••••••••••••••••••••••.••••••••.•••••••••••••••••••••• 
Rfo Arriba .•...•••.•••••••••••••••••..•••••.•....•••••.••..••..•••.•...•••• 
Sant.a Fe .................................................................. . 
S&Ildo,·11. •.•• --··-··--··-· .• ·---·-- •••••••.• ___ •• __ ••.•..••.••••.•••.••.•.• 
Be,n.al.illo •.•.••••••••.•••••.••.••••••••.••.•••.••...•.•.....•.•....••..•••. 
V11J.mcla ......•••••••••••••••.••.••..•.•••.... -•. · · •.•• · -· •••• ··, · -· ·• ••·••• 
Socxln-n ..••.•..••••••••••••••••••.•..••..•........ _ ....•..••.••. _ .••.. '"' ... 

---
58, 127 ---
13,214 
42, 1113 

77,°'4<! 

69' ~-21,002 

.t.2,212 
8,8.50 

33,072 

12,683 
f,Sll 

378 
V.MII 
a.m 

14.e:;a: 
'3,o!m 
M,388 
71, 6ll8 

= Sl'f'Cial att!L"' 
Toi.I. Embudo lo Buek- .•.•.••.••.....•..••................•......... 
Total, Embudo to Bemaroo llridire •..•.••..••..••..••.•..•.•.....•...•... 

. 12,500 

. Ulll, 200 

I O&JliOII aectioD. 

--- ----
2:2, ~19 913 4,241 27, 9;3 za, 495 .~. 738 1121 -------

4,1111 175 
18,200 738 

:U8 -~. O:W 7, 118.'i l, 717 9, 702 478 
s. m 22, 009 1.!!, MO ,, 021 111, .'531 ,~3 ---· 

:13,11115 l,IM li30 25, 00(} 40, 794 6, n9 47 I 573 3, 881 

4fi 865" -20,335 .. ~u 
89 

M3 M3 S 
27.(51 • 2, 731. 30, 182 3, -~ 

3, ~1' 300 12, !IOO ,. 048 16, 848 311 ------
2,895 200 

1119 64 
0 3,172 7,057 l, i82 8, 11311 201 
(8 731 5, 743 2, 266 8, 009 110 =---

7,%37 i3.3 ffi 8,003 14, 8aO 7,850 22. 73() 1, 3711 
= =~ =~ 
-·-··· 019 - ---·- 330" . • l, ~·~ 10, 164 1, 970 12, 13<1 f.19 

... v 2,617 OO'i 11, S24 38 
= = ~~~ =======-

1111 3 8 :l02 31 138 11111 7 
4,11114 341 

806 30 
11,819 8ff 

18, "'4 m 
20, 33.~ 8611 

""l~ == 5,700 371 
S7, 003 2, 554 

= 

205 5,440 2, 2'13 l, 4211 II, 8811 2'0 
:lO ~ l, 377 772 2, Jf9 146 

et~ 10,812 19,717 8, :145 2:1,W l,lli 
3, 11113 22, ll8S UI, 053 ', 021 ~ 074 445 

441 21, &U 27,451 2, 731 30, 1112 8, Sil.'! 
1,1112 H,lJS 40.451 H, '175 M,236 2, Jj"'; 

:m ~i=a,620 ~l~-- JAA 
~ 114,llM_! 73,398 .~I r..m 5,11;~ 

co -.003366 
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Water rnilizati<m. 417 

areas in Rio Gro.mle Baain in Colm-ado, in c:u:rea, 1936-CoDtinued 

Identl11catiOD. or..._ by olus111mt11U1 11umbers 

LAM lmptea Ill Ul35 NaUYeVt11:atailon Watertnu 

Lalld 
Areas Bare 

Cltllls, = River for- land. RemarlU 

Jni-
iowm, IIDd mvly roads, 

Alfalfa Mlreel· Double IUld out of _, 
lrrJ• rigbls· 

Cot· lllld Native p.U!d kb' !Ate vmaa:es crop- -rr-, Pooled of.way, 
ton elovM bay l)U- ILIIDIWS IWIU&b laneous cropped Pini 0nm Bru,b bosque water suriaoes pted• etc. 

hay tun crops - and ex• = 
(l) (2) (3) (4) (5) (6) (7) (10) (11) (8) (96) (Gb) (Ge) (Gd) (l,ie) (12) (la) 

,...------------------------------------

------- 5,427 1,06 «.'722 14,1!5 221 3,006 -.......... ---- 65,f 2,116 11!,tl!I 44.114 754 6.22 l!40 G, 1132 7,742 For New Mex!oo portion 
see tabls B. 

................ - 16.5 ................... 4; "6 ~ .. _ ... ____ 806 ---- ... -· ...... 21 H3 GJ 180 ------- .. ----™· m 242 261 
-----·- 446 -------- 48 w .••• iillo' l, 006 _ .. _ ............... 81 383 1171 15,W -·-·m· 13 2,233 l, 911 Do. 
~---"""''" 496 Gl8 9ll 1,484 1,083 

______ ... __ 
81 168 1'13 180 ----.... - 623 242 lJ8g Do. 

~ 
till -------- 4S 732 6 l.llll6 - .... ~ ~ ---- 81 383 2,833 15.797 .................... 13 2,!189 l, 1121 Do. 

..... J:: 
I= 

11,l!M 2.a 151 -:iii~~- -· 3,'71 
-........... -~-- --i;ii,f -·i"16i,· IIO ":iz"ijoo" 16 42( 1!88 23 89 

18,061 18, 1177 42.Hl ........... ---- l!,l:u 8,224 81 77e 13, 181 11.18.5 

-------1 Z7. 320 
25, '38 31,3.!oll 17,47& e.m 388 _____ .......... l, lGI 4,812 S2,:ll59 184,161 2, 1194 1,0M 2,!K3 44,190 9,(K8 

·····-- 32, 742 27.123 111, 1121 311,051 8,221 &, 81M -•-·,-.·--·- 2,0M 4. l!Gl !0, 1!86 d,Zll 9,616 244 2. rn 36,186 9,1127 
------- 9, 30() 4.:lllG 11. 25() 19. 479 300 11.506 ·-- .. -"""'"'"' 892 2,876 35,lm Q8, 1185 4.M l,Q 1,295 18, 1111~ H,344 
·····•· 19,a66 CM, 9fl6 00,477 111.1115 9, ll,M ll(M ----..... ·-- 752 1,875 71,UII l~l. 523 llllU 1,a02 II02 ~.420 30,847 

from Colorado--New MmC(J Stcte line to San Marcial, N. Me:e., in acre,, 19S6 

Idelltlllcation or areas by clMSllloatlon numbers 

Land lrriPtrd In l93e Native v;;getatlo11 Water areas Bare Land 
Cities, tempo- Ar- land. 

t furm• roads. 
Alfalla 

towns, rarily Rfverand rrly riRhts-and out of 
and Native lrri• Emir Late Mbll<'l- D<>ublr 

vilJ~es erop. Trees, Pooled calllll•ur- lrri· of. 
clover Ila:, saud annuals annU&ls Wlt'OUS cropped pin£ Onua Brush bQsque water r-•nd Pted way, 
bay pasture crops ar..as uposed etc. 

beds 

Rrmarlu 

(1) (2) (3) (4) (5) (6) (7) (10) (II) (8) (Ila) (9b) (lie) (Gd) (lie) (12) (13) 

1---1---,1---1----1--- ------------ --------- --- ---------- ---1·---------
~ 33, 77! 24.1111 11.422 31. 11.55 35. 575 18. 702 _ -------. 10. 251 13, 187 00. 796 3t. 042 4&. 172 l. 300 38, a& ---.... 10. 414 

--·---•--,--,--·--·---·---·--·--·--·--·-~--·---,~i--· 
:'5' :s,~~l, :,:::78 1.:3.J .J,:JO :~Jll2 l.Jl2 . . ,l,;:'\l8' ';;JS,4 ,4.;;w ';:,~17 ,.0, lH ;a.i ·,;a,$24 ,,~2' 

-----·· a,999 12,Ml :.:,370 8,381 10,llll6 J,678 _ ........ l,MO &,MO 6,711'.l 8,257 2,702 ~ 8,QU ------- vrn 
••••••• G,155 4.2.la 3.1122 14.4114 15,017 6,&12 ··------- 2,313 ZIIS3 8,IIQ2 6,158 2,3M 21 2,626 .••.••. 1,473 
l===l===,l===l,===l=== = === =1===•i===J:;=o:c 

.56 lB,1!21 7,278 3,130 ll,210 lli,882 9,812 ····--·-· G,3118 3,a&f 45,m:1 21,617 40,114 a84 36,&24 ····--· 7,1162 
••• ••• ..... 10· • 26 ... ·•••••• ..... M. ·-····ro· ----······--··a· ····--a···· a1· ·••••• ........ •• • ··--··um •••·•·· --··1· 

776 m ----'30· MO 1, 1e:1 1, m 205 Ml 802 1.• m 1,4215 m 
mi a 77 n tse m :m m 12 307 1, or,s rn 145 

st 11,..u a.:m 2.m 7,402 17,4ml 2.118J 43,1168 1;,eag 20, 7114 lM 21,m i,(182 8,242 6,165 
• 9'11 633 1, cm 1, m 1eu 2, = t, 417 t, 187 1, 6211 uo1 118 .01 

':-= 7,221 ~~ l,864 6,G&l '~~ 4,Ge8 ~==~~~ 4,006 4,241 
1~--1---·1---t--~,----- ~--~-~--~~-----
·--···· 1, * me 12G • 1, 133 m 2, 1116 1,657 a, im 1, m 478 818 348 
.... -·- 6, 1131 l, 7lt 4811 l, 14C 6, 660 'ml 8,081 3,311 4, 108 4. 021 "3 == =====l====l====l•==•l=====•l===i'==si====l===t=""""-'!===I=== 

3, 1158 3,1111:! 

7,883 2,5.211 716 3,Nl 6,331 1,lM 28,kO 7,1'9 7,10.!l 140 G,639 ------- l,881 3,400 MO ---1---,1----1----1---1---1----1----1----1---11---1----1---1---1----11---

6e 

4 40 """"iii. ""iii" 7,:l.u 2,2116 
866 1113 ao 1182 

ace UM - -149 29 137 83 

1, 1132 622 284) 1,18a 

ffl •••....• :JIIIO Ill ll58 -··-··--- ........ DO 

llllll 
617 

3,105 

r= ...... 

1, 11111 
2,112 

7,462 

u,aso 
2,%10 

Ji 211 4 M IMl 8 I 11 
'176 na ·-··.;· MG 1, 1a:z 1, m a 141 a 1. • m 
UG IOI Tl 71 1111 Ml 20 IO 12 I07 l, GM 

1,11118 1,tll7 118111 1,D 2.11G 1,186 8111 Ilk 6,Gat I.OM II, 119 

62 2,6711 • I,~ 
• .a.~ au 
Cl l, '00 l!Ol 
315 2,:MO 11.0 

14 7,81111 l,ffl 

• ... 430. 1,970 449 
m as 
U8 7 

1,4'0 :'HO 
172 HG 

8,:IMS 
4,021 

l,ffl 
+t8 

2,ffl 3, 1565 
l~:H.3 2,177 

11,113.5 1, 7M • :.• s,m a, 168 a,9113 • um HP
1 

!,!!2 -·-·-;.;;· 
7,2:.li 2,:ase au .., &,aw 2,11111 m • JB,ll:111!1 .. - ...... .... 

····~- :a,w m • 2,&1 a, 715.2 1.w 1,cm 1,m JJ,2lill 4, 1211 a.• m 

2, 1118 1186 
18,lm ~ffi 

8111 1,021 i'I07 SU 1,148 1,122 ......... :rJlll 171 114 l,ffl 1,2*> •••••••• 

18, &K e, 702 2, W I, 388 l5, 006 S, IIU ........ _ =~=114=9=1==2,==M6=1===111G,=88&=
1
1==l7"", 1111113===>1==l8,=U,=-ii'==l=l4=1====1==""'I=== 

No lrrlgatioc. 

No lnicatlon. 

Includes AlbUQUlll'QUllo 

lncludllll 8ooorTcJ, 

CO- 003367 
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418 

Cult 

Rio Grande Joint InveBtigation 

TA13Llil B.-Laxd, utukr irrigation and other tooter-using areas in Rio Grande Basin, 

Rio Ol'llllde, •m llde tnbuta.rla. •••••••••••••••••••••••••..••••.••••..••••••••• ~ ~ ~ ~ ~ ~ ~ 27. :ui1 m 
Anu iD New Medco ll!n"ed bl' Jtream.s 1ml.erU11 Rio Or&nde ill Colorado. I, 070 Ml 51 II IKXl ~1 25 476 •••••••••• 

Ban A11tonlo R!'l'l!r ill New Mwco..................................... llU Ile ···------· 8 Ill ___ 33 ____ 22_ ---,5l,-1·-··-
Blo de Joe :Pillos ••••••••••••...••••••.•••••••••••.•.•••••.•••..•...••••. ~ ~ ___ 6_1 •••••••••• J538 418 3 421 ---······· 

(Sau A11wnlo1.11d Loe l'mos ill New Mwoo ad Colorado)................ ~au 3,870 200 11 4,0'l'g .1,u2 44 .1,483 r.s • ==========-==~~- = 
Rio Cha.in.und tnbatariea................................................. 47,1135 28,613 .I, 1156 M'-1 I0,325 ll, 194 5,948 17,142 468 

Rio Chama imd trlbutarll!S 1bo11e El Vado Dam........................ 14.iM 7, 9:II m 316 8, ~ 4,179 .I, 731 6. 910 185 
RloC.bsma11.11dRJoBnms ••••••••• J •••••••••••••••••••••••••••••• 1.3,448 7,179 122 316 7,617 3,1186 1,,28 6,714 m 
Natr!tu Creek..................................................... .1,006 742 ······-· •••••••••• 742 183 3 1116 68 

=-===--- ==== 
Rio c~ aad tribuwle.s betwllell El Vado Dam md Ablqalu........ UI, 91' 9,682 81!1 159 10, 5.53 4, 767 1, ,a1 II. 204 157 

lUoClla.ttla. ........................................................ ~-m~ 28 l,328 ~ 411:l 1,079 :'a:l 
Tribu.tarles.. .•• ._................................................... H,489 8, ll05 4111 l3l 9,2:17 f, 181 944 6,125 137 ~=.0~.·¥oeifiiiio.Eil.efuii.--:irio1o·<ief..ip;·Aiiia· &.ffi c.ffl ······211 ...... uf ,.= 2.= --;;r z~ ~ 

Eflr::· 8Z:~~~~-~~- .. ~~ -~~:. ............... ......... G, 6.56 II, Ila, 280 U 4, 1.51 l, 5111 ?lla 2, 8'7 118 ==-=~ === = 
Rlo Cb&w Gd i.lbawles below Abiquiu............................... 111,Mll 11, no 222 111 11,413 2.248 2, "ISO 6.028 l.2C! 

Rio Cht,ma.. ••••••••••••••• •••••••• •••• ••••• •• • • .•••• •••• •••••••••• •• t, t!ll3 2, 34ll llO ········- 2, 4112 .I, 003 ~ ~ --!-7 
'I'rlbularle.,...... •.••. ••• . ••.• •. . •••••.•••••. ••• •••.•••••••••••••.•••• 1.1, II04 8. 768 72 81 8, 921 1, 2116 1, GG9 2, 9U 89 

Rlo Ojo Caliente•................................................ 1,0lt '88 17 465 ~~ ~ ---6 
Twiae River-.................................................... 7,lHI! 5,11116 ···-·21· s G,031 m 642 1,179 86 
Rio Valecltos..................................................... 8,&lle 2,281 :.Ill 68 2,1157 4112 11119 1,181 28 
Be Cl'ftk....................................................... 'Ill M 2.5 78 ---····· ···-··- ----·· •••••••••• -= = ==== 

J'eaiez Creek............................................................... 11,C!U 2,4'"' m 2 2,8'17 1,1184 1,736 D, 720 47 

RloPuetcoandtribut&ries(inSaDdovaJa.ndVll.lenciaCowities) .. _~-- .. -- ...... ~ ~ 20,871 4,122 ===r=~~ lt,1172 4,951 

Rio Puerco............................................................. 11,626 Ul 6,678 El 104 784 CH 4,IIOO 1127 

Trlbutarles............................................................. l!0,815 m 15, 1113 11,44.2 1,1181 11,023 400 10,m 4,0'.H 
Blue 11rater Cmli:................................................... 6, 1122 14 4,a!O I, 1611 332 .I, &ol 65 1,227 1,W 

611.D Jose Rl"Veuad tlibuwles below OraDt........................ H. OH 783 10,1127 2, m 1.~~ S,S22 MS 7,145 2, 81111 
Sau:! 1me River................................................. 10, H5 aoo 7,174 1,63-1 · 1, w ~ --3()-. 6,1172 .l,Wl 

Tributaries..................................................... 4,649 2,073 l,302 278 8,1153 139 11& 1W , 

T~o~:1.'.~~~~·-~:.~~~~= ..................................... """'am e3 ==:;\===<z='==; .......... =ri;" == = 
Rio AJTlba................................................................. 49,011 211,164 l,WT 15M 80,92.~ 11,!WS 6, Im 17,1118 ._ 
Sandoval................................................................... 13, 11'0 7,0li6 1, aD6 W 8,Ma 2,86' 1,IKO 4,bCM lll 
Bema.llllo. ····----·--············-···· ···········--·· ················- ••••• -----· ·-- - -- ----· ------ ----· ,-· ·--· 
Va.iencla.................................................................... llO,et& 10,372 4,o:M ffl 15, 1113 3,ff2 .!,Sill 5,003 400 
Seaino ···················----··-·········---······················---····· 318 i,:i u -:e 102 •.•••••••• ::!16 21a ---·----=··=1=·=·=1=!= : . 

-llo_ ,ranee. '-'St:ucte ·.ributar,es .......••..••• c •••• " •••••••••••••••••••••••••••• , :l5..l40 · ,u.~ .;,~ "..!;313 ~Jll4 lll,321l 2,647 J8,m 1,473 

" .1.rea11 1n .\le• Mwco i;erved by streams entertug Rio Gnwde 111 Ne11r 2, 8M 11!8 •••••••••• ·-···--· 188 2, 1133 -----· 2,836 JO 
Mwco Via C-Olora.do (CO!ltillo a.ud Cwebn. Creeli:11 ~): I 

Cmilla (Rlnr) c-ii: Ilene................................................ a. 3M 2, • 1& eo 2, m 21119 :1116 l5e.5 28 

~

OllGtlllundCulebn.Craebllllud,mNew.Mm::lcomdOulon.do) ••••••.• D,80& 2,332 1113 81 2,7llll 18,!\'aO 457 19,087 1,m 
eo.tlllaCffllt~,mNewMwoc;mdColon.do) •••••• _............... &,e:u l,lll!IO w 81 t,1911 610 w 1,133 .-

1ll' CneJt (~ MIIIUl'U,)............................................. 8,176 2,402 152 2' 2,678 l,2SII 2S 1,211 lie 
Bio Coklndo (Red R!vm-) 1111d tributariel.................................. C, 181 2,Me JJO 180 I, 176 a.a 15 8111 1N 
8&n Cr-latobal Creek........................................................ 11811 676 Ill 5 6111 81 1J 44 6 

~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 1.:= = · · DJ; u : m : m 1~ 
RloHODdoa.udA.rroyoS-IQ.Wd •.••••••••.•••••••••.•••••••••.•••••.•••• a,w 2,1112 ffl 1B 3,80II 1,1127 16 1,llil IIO 
AnoJ'oSeoo,ndtnbat&neurTeosenek(T1101Maa) •••••••.•••••••••••• H,au 11,1111 111 m u,aso 2,353 87 2,340 145 

E:mbudo Crtll!I: u.d trlbata.ria 4---··-······-······-·······-··············· 11,CVi 11,838 112 1711 11,116 1,468 lo:! 1, T1I 78 
ID 'l'lllos Count7........................................................ 7,1186 &,862 HII 121 &.113:1 .1,444 218 l, 1!e2 72 

Biol'ueblolnPlcuris.Paeblosran1................................. 2,7Ml 2,oa ---&----112--ra-~--1-,-1 ~--21-
Blo l'ueblo oulalde Pir.w!a Pueblo P'll.lJt... •••••••••••••••••••••••• 4, m a, 2711 114 aG a, 432 l,052 77 1, 1211 '1l 

1D Rio Arriba COlluty .•••••••••••••••••••••••••••••••••••••••••••••..••••.• -W 4&I ---113- ---65-~ --2'- ---~-~ II 
~ ==== 

Rio Ojo Sa.mo.................................................................. 9S'I 6711 10 Gl8 lll8 1114 2113 8 
Bio Tmc:IW and 1:nbuw-1es.................................................... ,_m l,ffll 117 22 1.BCIB Gae 8 au 211 
Bio 811.Dta. Orm lllld t:rlbol&rieli................................................. lllr,I __!,.!!. D __ N_ ~ __!!?_ __!?!. ~ ~ 

113 Riv Amba Coallty ...................................................... ::t'W ~ --- ----n:--~ --nr--4- ----ni" --W 
b&nt1Jl'eOaaultya.boY18&n1&Clazal'uebloOn.aL .................... ~~ _!!.. :i.fW ---W---m- Uf1 ~ 

BJo l'olOIIK.lue,RloN&ID.be,IIDd Rlo'l';mique.................................. ~ --m- ~-,:W---,;-m-~ ---uor-W 
Sa.a.tahOteek~OJt7ol8&ntaJl'e)................................... 6,1181 J,41111 • 1,263 1,108 .1,m w l,110ll :182 
c1i:,- or &nta JI'•·······-·-···············································---- 1,Cll:I •••••••••• ········- 1,1182 ····-···· •••••••••• -···--···· •••••••••••••••••••• RJo Gallateo ••••••• _........................................................... ,lil8 ~ 42- 17 118 186 ::::.:.:.:::.:; ~ 4 

Toi.II, IUt sldl inbu-. by -lies: 
~······--··-···········-······················-·····--············ G,ffl :1111,llllO Bio Ami>&............................................................... 11,110 1,488 
llmita Ft................................................................. 18, IIU 7,412 

11711 
::IIOl 
177 

CO- 003368 
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Water Utilization 419 

from Colorad&-Nev, M~ State line to San Marcial, N. Me&., in acru, J9S6-Continued 

Land in:lpwt m 11136 Laud N1ttve vepl.at1011 Water areas Bare 
Al"eu 111,11d, 

l Cltlas, tems; R!v~and form- ruadi, 

Co,.A0 ~
0
l. Native ~ kl1 Late ~= ~~~ to:;:, :~ !r Orm Brush Trees, Pooled = =~- r:;r ,.!!!:--

··~ "' •n bay .... llmlllals IUmtlal.o .. ..., vUla(IIII crop- bosque waler exposed l• -- ' 
hay pilllltme crops areas 1>JJli bem pted etc. 

Remarks 

(l) (2) (3) (f) (5) (e) 0) (lO) (11) (8) C91) (9bl (9c) (Gd) {98) _( __ 1 __ 2)_
1
_-'-(1~3'-) ·I--------

;.:.:.:.:;;...!,!!!_~_!!!!. 8,881 .3.!!... 1,678 :.:.=..; 1,640 ~ ~ ~ ~ ~ ~ = __!!!. 
••·•••• M 115 ·--····· lU 21a t6 ..••••.•• 8 61 112 M 1174 .••••••• 25 I······· ...... . 
::::::: J : =: ····ii4. ~ J ::::::::: ~ ··--·ai· : ··-··er ····214· :::::::: , ::::::: ::::::: 

ea() .ell6 3'4 J,1172 374 214 ••••••••• 11 llOO 167 .Ill 1.1~6 .••••••• ~ ••••·•• 278 
~====-== = =~ 
••••••• 4,1565 10.027 2,W l!,lll2 4,011 2,"3 .•••••••• 6.58 l,l.'56 8,lM 6,1184 2,U5 15 6,1133 ••••••• 468 
.•••••• 1,8117 1,863 ~ 2,40t ffl tOf ••••••••• IIG lZl l.llOl l,008 670 •••••••• 1,731 ••.•••. 18.'5 
••.•••• 1. m ~ 928 ~ 384 11&2 ••••••••• ~ .m .1, ttt 1,J172 ll'lO •••••••• 1, r.is ••..••• rn 
••••••• 26 MIi 13 UO ll3 42 .•••••••••• ·•••••• •••••••• 157 311 •••••••• ........ 3 •••.••• 68 
======= =~ =~======== ======== = 
•·•·••• 1, 801 2. 047 1. 097 l, 678 l, 910 1,051 . .•• • • •. • 1111 812 l, 103 2,880 71K 15 1, '22 • •.• • • • 157 :::= :H2 w 2:14 104 MO m . ........ :is az1 n M ,1s .. .. . . .. 4113 •••••• J 20 
••••••• 1. MIi 2. 001 m 1. 572 1, 1110 1134 .•••••. .• 131 491 1,029 2, 84G aoe 15 m ....... [ 137 

BO 109 -····~;· 10,'I 114 20 ••••••••• •••••••• •••••••• H7 154 387 •••••••• 2 10 
tlll L«Ml ,,., l, 1341 721 Bl9 .•••.•••• 117 :m a70 l,332 •••••••• •••••••• 1.S6 ell 

ll70 1167 1121 m a, as ...... ... u :zso 212 1, a«i 1e 1s 741 118 
l==•l===,==·*·==•t===1=z::==== =-= 
.•••••• 987 6,127 322 1,232 l, 674 718 . ........ 81 222 Ml I, 006 lllll .•• .•••• 2, 780 . •••••• 126 

••••••• ~ 416 311 133 748 Jl2.II .•••••••• •••••••• 160 112 110 6:ll ••.••••• l,lll ••••••• 67 
••••••• 1563 5, 7.12 H I, OOII bl 4M • . .•••• .• 81 7ll 319 780 IW • .••••.. 1, "9 ....... G9 

m 87 ······;· • m •1 ••••••••• n ........ e oo ........ ........ GS .•••.•• 6 
m .5,llll3 u "'2 Bl 94 ••••••••• 11 27 273 146 19 •••••••• M2 ••••••• ae 
• l53SI 6 a l52f r.ia .•.•••••• aG 20 ~ &11 121 • •• ••••• a .. ..... 211 

••••••• .•.••••• 11 a 10 1 .•.•..••• .••••••• u ....................................................... . 
l==•l===t===l===t==-============-====-::.:=== 

492 l& 8 861 732 :111111 ......... 2 379 6511 1,005 233 ~ 1,877 --····· •7 
l==•l===F==:1===•1===1===1====1'=== === .. l====ll==•l==== 

3,783 2,414 2,07' 6,700 1,001 ...•••••• 9411 4,1151 2,W 1,213 liO l!l.!I l,064 ••••••• *I 

For Colorado anu -
table A. 

Do. 
Do. 

i, 205 76 1, m 1,870 u ...... ... m m -, ~ u ,1 63 a. All 1rr1p&e<1 lalld ia m 
Sa!ldoval COU!ltf. 

••••••• 2.571! 2.33\1 •••••••• • uao m ......... m 4,024 2, m 030 n &ro 1,011 ••••••• t00 

=:: 1.0il 261 •••••••• 7ld 1,1132 m ......... H l, W 744 CS •••••••• li8 2'14 -~ BluewateT Creek bewwes 
S&ll 1o,e Rlver 11t111r C..111.11t 

l,li07 2,0711 .••••••• :IK7 2. NI 615 ••••••••• 7113 2,l!W 1, 7Zl li05 311 612 '137 ••••••• 346 

1,026 l,IH.5 ·-······ 133 ~ 281 ••••••••• ~ l,6117 ~ al ·•••···· 48e 0.7 ····--- 304 All lmpted land is .ID 
ValeDC1- County. 

'82 133 .... •••• lH 1,110 334 .•••••••• 278 I, 302 615 18/i 39 26 llO 41 
==l===l==-l== ==~===== == 

7 •••••••• ~ 1l 26 13 •••••••• •••••••• •••••••• ••.••••• 216 •••••••••.•••• All lmpted land ill iD 
Sooono CoUDty. 

4, 719 10,112 2, 3M a,~ 4, :r.14 2, llll8 ••••••••• 664 1, 2!7 3,277 6, !HII 2,419 1& .5, 958 488 
1,tm 210 a .1,m 2,cm .,, ••••••••• 153 1,aoo 1,00 1,1178 :IK4 110 1,730 m 

. :::::::j ;,51 .:~::.'··'····;~' .. --.~- "''7J "fl ::::::::: ~ .. ~ .. ::~~-:·---~- -----~- .... ~'.~. l,~~ ::.:::::·---~-' . =~=r== ===~ 
,:.:.:.:.:;.:.: UW Uli8 3. 1122 Ii. 464 11,01,,7 5,312 •..•••••• ~ 2, ~ 8,802 .5,·188 2,3.56 21 2, 112ti ••••••• l. 473 

te 117 a m 2, 513 10 331 ... Cll8 ·····52 1,038 180 477 .••••••••• flJJ ..... 15· 81 187 •••••••• 21111 28 
'81 48 732 6 1,IJM 81 113 2,1183 "ii,"m" ........ ~ 13 l, 1121 
4118 .•• "iii" lilG l, '214 180 1,083 Ill 158 H3 180 1117 •• ••• . • • 83:1 2811 
'" 83 2a 1, m 114 "' JC 1ll2 21s m 2t1 13 12 ae 

~ ~ ~ 1
·:: 

1:l ~I ~ 1
: ~ ri .... ~::. :::::::: ~1 ua t : 21~ ::t J: ~ ········- ·· ··u· ·····115· ~: ~ ••··•••• ••·•·•·· ! 1~ 

CS 13 21& 1,Jl'Ml 1011 11M 18 5711 <W 833 849 •••••.•• 15 ID 
2,101 1,020 2,oes a,876 1,424 m m 11; 1,214 m 201 •••..••• 87 w 

m 1, 144 • 2,400 an 4127 ~--· ••••• ne 142 m ue ff •••••••• aoa 1s 
....... m 1,095 :rro 2,,77 '1111 = ......... 121 1411 1154 .m ,1 •••••••. 21s ••••••• 12 

w a m am w 215 112 116 /lli3C! m a ........ w ....... 26 
=~~ 14' 1, 1513 • 290 111 m m m ~ =:.;:.:.:. ___ 'l'l_=~-

a * JS u au m M as v 13 2 •••••••• & . •••••• 11 
t=='i====l=====F""'"==•l====l==-==F=====l======i=====,!====i=== ==== 

au 140 •••••••• 378 &1 • 10 1111 10 •••.•••• •••••••• lCH, ••••••• a 
....... 81 1M 10 'lfli D m ······-· 22 97 f88 414 114 •••••••• 8 ••••••• 25 
···-··· 707 280 114 DI ~ ~ -···--··· ~ D Im «17 170 =:== m ....... 1411 
=~--,. lli8 4-6 ~ ~ = __ 1_7 ~ __ 1_2 =4;. __ 12_ = ---·- = _.!!!. 
.•..••• 679 ~ ~ ~ 707 771 ..••..... f7 176 ~ 400 ~ .••••..• ---W- ....... llll3 == ~ -mr :111111 --_____.- ---'ffl" ===:: --W ~ Na -.ao 316 , - ·-····· 329 
•••••.• illll 115 18 Ul flQ2 3ll8 ••••••••. 1,253 111D 870 688 87 , 431 ••••••• 29:1 

:...... . ··a .............. , ......... ·:_···1 .... 211 .•••••••• l,~. • f2 111!8 UIS •••••••• .••••••• .••••••••• ••••••• ·4 

·······1 '-173 1,6118 1,:11511 12,264 8,270 2,'l',U m l,lla6 11,112 8,072 1,748 J3 15113 4& 
.•••••• :Kt m 111e 1, 1112 m 7M ••••••••• 104 187 m '* .! ...... 

8
•• m1 1.22 

• 1, m ne au 1. 018 2. 012 1. 7M . ••. •..•• l. ~ 11131 2. 082 1,112 """ 1. m 888 

No irrigation ;n .. Mt nde 
tnbutam,s. 
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420 Rio Grande Joim bivestigat,ion 

Mapped areas 

Total - Temf;" Cltles, Total Water BBJe 
l:nlipped Irrigated rari y towns, fmpted Natlve and river Total laud, 

In lliGe out or a.l:l<l Hout" v:rota· bed aur- nonfm- tDlld.!, 
eroppl111 villages and ion ,_ pied rJcllts-ol· 

towns way, etc. 

--------------------------1---------------------------
Tolal, San Ma.rcl11l to Fort Quitman .• ---···-···----·--···---········---···-·--- r ffl.25Cl l'l'0,5a& H."3 16,168 5,ll71 

NewMalCO------·······-··---·-·---·····-··--··-···-·--·----------·----·-- 170,1185 llll,IIO:I 8,4114 l.~ 100,242 52,3.16 / 14,2'26 I 1!6,4321 4,311 
Texas.·-·-·---·-·-··--·······-··--·-·········-·-·-··--······---·-···------· 108,Z'l 80,1567 5,&W 787 87,113 17.85-0, J,il-12 19,700 1 l,:JeO ====~=1==·= New Mexico, by str'eams and caiu,l sy~tems: 
RioOrande,mamatem ................... _ •• ___ •••••••••••••••••••••• -•• -•• 161,024 88,29-1 7,&a3 1,700 97,86.5 4.8.110 10,82l S!,ga/; 4,224 

Sao Ma.rcl&J to Socorro-Sierra Counties line .•. -- •... ___ --·- -·. ---· ---·-- 23,317 -------· -- ----·- .. ,_ --·------· -- • _ ---·-- l9, 281 3,384 22, 1165 692 
Socorro-Sierra CountJes lint to EIP_phai,t Butte Dam.------·-··-------· 2, i1ll -.-·----·- -··-··--·· --------·· ····-···-· 2. 7IIO •••.•••.•• 2. 700 ··-······· 
PaJomasValleY{ElephalltButteDamtoaApacheCanyon) ••••••..•• --, 10,383 830 ~I 304 1,635 7,435 1,IIIO 8,1125 123 
Elephant Butte lniptJon District (Rio Grande pro,lectlD New Me%ico). 124,494 87, 4M i. 332 l, 404 96,230 18,604 e, 251 :u, 85.S 3, 4W 

Rlllcou Valley (ln Blerra CountY only)_.·-·····--·-------···-·-······-· 6.635 ll,866 ~5 ···-··--·· 3, lll 2,145 I 37\l 2,~4 ·--·---··· 
RfnconValley(JnSlerraandDonaAnaCoonlies) .. -•• -------····---·-· 27,9H l.S.:100 2.129 llO 17,4~.~ 7,3!0 2,ll/i., 9,97S 494 
Mwlla VallfY lnl\ew Muloo •• _············-----------·-·····-·---···· 116,580 72.~ 6.233 1,2114 71l,78S 11,2114 I 3,w, H,880 2,915 

Me!llla Dfvlsfon iJ:l New Muico.·-·-··········-·······-··· ..•••.•. 54,216 60,671 3,402 295 44, 26S 6, ~I I l, 1153 , 7,&4 2,004 
Let.sburg Division .. -•• ----···--·················-·--·--·-····--·-·· 42,IM SJ,11117 l.831 IKl9 :W,517 5.093 1,933 7,o:!ti 82! 

RJo Onuide, West Sl<io tr:ib11tar!e; In New Metico ••••• -·--··--······-···-- 9,961 l,ea!l ==;j" ~~~!~I~~ 
AWIIDSa Creek·---···-·---·---······--···············---··--··-··---·-- 3.072 6113 249 15 1167 l,407 ll!l4 2,091 24 
Cnc.hilloXeKJ'()Creek •.•••.. _ •• - ........... -·---·······-·----·········· 2,800 245 134 :,., 4H l,lij2 l,24.8 2.430 16 
Palomas Creek-.-·--·---···-···----··-···--··--···--·---··--··--······- "8 400 l~ J!S.'l 46 3tl3 ol09 6 
Anlm&S Cfeilk_ ••..•••• ·-···········-··-----·-·-·-············----· ----- 2,218 %lT 00

1
, • • 

00
• 317 1,121 'I'll$ 1,900 l5 

l'ercll& CMk----------·---··-·-··-·······-····-····-···-···-···-······· 8%1 34 ~ ,,.. 136 340 321 1!61 ll6 l===,.l====\====l====J,======= 
Mi!!llla Valle}' fn Kew Mt!ltlco lllld 'J'eus._ •••• _ ••••.••• --··------·······-······ 110,418 112,1123 5,009 J,523 ll0,fll5 13,198 4,081 17,r.\l I 3,124 

!====!= ==1:::::::::====,= 
T~J by l!l.mllns (there are no trfbutaries) ............................ -·····--· 108,271 80,1567 6,651) 787 s;, ll3 17,1151) 1,942 19, 7W J,3$:l 

.o1es!lla. Valley in Teus (Mesilla Divisloll 111 Tr1as>·-·--·---·--····-···-··· 13, S'l8 10.1565 336 229 11. 230 1,904 495 zagg 3:l9 l 
El Paso Divi.sJoD, RioOraude project ............................ --····-·-- '1'2,B:18 m.m 3,IIOO Ml! l!0,487 10,053 1,300 11,419 113.2 
El Pa.so Cou11ty Water ImprovilllleDt DistrieL no. I .......... - •. - .••..•• - . • !Ml, GTG 67,008 3, IK2 787 71, 717 ll, 957 I. 861 13,818 I, 141 
Buds~tll County Col!llenationaud 11.eclamAtJon Dl.su-iet no. l •----······ 21,5115 U,S7V 1,817 15,300 5.800 81 S.980 21' 

Rio OraDde project U. s. B= or Rllclamatioll \New Ne,lco and Teus) .••. _ 211, 1!11 11H, 652 11, lJ04 2,191 I67. IM7 ~ ~,~~a 
== I= 

:~;j;;.;j~;~;;:::~~::~::::::::;;;;;;;;;;;;;:;;;;;;;::::;;:::~:;;l=•l=~==:=~==
7
:=I~'~: ~.~1·7_: ::::l::_~: :::~~.~!~!~: ··-;l~.~~·1 ";; 

1

1···;;lr3,·-~·,, 
Do11a An•-----·····-····--·····-··················-····-········-···-····-- ..,,..,. .,.. ,.,. u • .,..,.. "" • u ,.,. ..,Q,~ ...,.., ..,. 

T~ byoounties: I = 1=1=1=1= 
EJPa.so(RloOrande1)l'Oject!nTexe.s) ......................... _ ....... _ .. ., 16.1!76 17.08!! ~.W 7ii r1.;1r I '.i.Js; :.31il '.J.o18 1.:~l, 

City~o~'ksr,;~-·-· ---·--··----·-·-···-·····-··-----··------·--·-····-······-··-1 :t: 1 ... ~:~.\----=:~~~·1·--·a,·210·! ig~ 1-· .~' 891l·I--- · ___ ;1 _1 ... _ s, QSO.J ...... 219., 
' Not lncludiDg city of El :Fasci. 
1 lncludiDi all acreages ill Hudspeth Conn tr. see p. 299. 
a Avera1te lake area covered b)· water In JuDe, 11186, a.s reported by U.S. BW'ellll orRecJamatJon. 

CO- 003370 

TX_MSJ_000450



Water Utilization 42I 

Ballin, from San Marcial, N. Me:,:., to Fort Quitman, Te:r., in ocru, 1996 

Land lmpW in 19ile Native vegetation Water areas 

Lnnd Bare 
Cities, 

~!; 
Ari!a.!I lAnd, 

to1,rru, River for- roeds, Remarks mi. and and merly rights-AJWfa Early Late MisoeJ. Doubll'- vll• out of canal lrrl- ol· and N•tlve pied crop- Tn,es, Pooled Cotton ;:l(n•er hay pal-
ILD• an- laneou.s cropped la&ea ping Orus Brush botque WliMr lllltlaoe., sated 'li"ay ~ 

nuala IIU&ls crops areas and etc. bay iure ~d 
beds 

(1) (2) (3) (4) (~) (6) . (7) (10) (H) (8) (Ga) (9b) (9c) (9d) (fie) (12) (13) 

-- ------------------------------- ---- --- ---1---------
8,1 3,062 7, 199 u, 1167 31H 2,633 14,153 9, lilO'l 27,806 32, 3M I, 126 16,042 •• •. •.. 5,671 

54. 151 111.342 la() 731 2, 5417 6. *GS 7, 380 83 l, 846 8. ~94 6, 113(1 II. 116S 27, 612 821! 13, 311@ • • • • • • • t, J 11 
66,W2 17.727 4 HO 4115 731 4.Mi 311 7lli 5,&Q 4,266 8.~8 4,742 298 1,644 ••••.•• l,UO 
== 1= ==- = = 
5t.1s1 1a,0Mi 104 1168 Z™ s,m 1.001 10 1,1os 7,163 .15,479 1e,SS1 25.m s19 10.006 .•••... 4.224 
.................................................................................. 1,725 teo 17,006 ;-;2 2,e12 ••.••.. 6112 
.••••••• .••••••• ······-- ........................ -·······- ••••••••• ........ ........ 1111 2. il5Cl 374 

1111 43 300 119 SI 253 ......... 30I a<II nt r,, 700 l, 316 I. 190 ....... 123 
54.151 17, lr.l &l 362 2, 2115 ~ 71'6 6.808 70 I, 404 7,;m 3, 26,g 8. 343 6. 1117.l 47 11. 204 . •••• 3. 4llll ----------------------------------------__ , 800 336 42 208 5..1 223 418 ••••••••. ........ 445 JIOi fUI 1,431 ........ 3711 ............ .. 
6, 646 J, 23l M 255 1,1%1 2. 428 l, 480 .. •• • • . •• 110 2, I~ 1. 010 2. 372 3, fi28 47 2, &18 . . .. . • . 4114 

ti.~ H, 740 17 lo;' l, lU 3,348 li, 328 iO I, 21H :,. 233 2, 2.5.i li, &71 3, 38-1 •••• •••• 3, 5*! . . ..... 2. 915 ---------------------------- --- ------ . ----
27,1,166 a.eu 11 39 1116 1.387 2.281 ll8 m 3.402 1,M6 2,ae2 J.4.!53 .•••••.• 1,w ...... 2,ooi 
lll. 639 G, l U •••••••. 38 946 l, 1161 3. 047 42 M l, 831 403 2, Tl'9 l, 1111 .• •• • . .. 1, 1133 . .. • • • • 821 

283 43 l!3 2f3 841 ~ ==;; 138 1!31 ~ 2.105 l, 834 9 ~ ~ -87 
97 17 •....••• 12'9 301 HO 9 15 2f9 43 878 ffi! •••••• . 684 2~ 

11~ 11 ........ 13 61 41 .•••••••. ilJ 134 6 l,Oll IIIS •..••••. 1,248 ....... 16 
t7 1s 7 7ll 195 eJ ••••••••• •••••••• m 9 a; •.•••••• 1 w ....... r. 
11 M 21 711 en ...•.••. _ .• . . •••. w ee 100 D25 2 m .. . .. . . 1s 

11 I l $ It 4 11!1 14 3 7~ 258 ••.••••• 321 ... .... ~ 
--=--==-== ============-=-=== 
54. 513 17,077 17 199 1, 2l0 il.709 IS. 128 70 1, 523 6. MQ 2, 73J 6. 1133 3, 632 4 4, 077 .. • •• •• 3, 124 ==~ ~ 
a& ;02 17. 7'27 4 HO 4G.'l 731 4, 5117 311 i87 6,659 t. • 8. 848 4, 742 :illl8 l, 644 I, 3&l 

7, 000 2. 337 112 67 :131 800 -···..... 2211 336 474 1. 2G2 1111 4 4111 • • ••••. :ZOO 
37, 4113 I f.312 4 -ill 3118 370 3, 78, 11 558 3,1506 3, Oil 4, TIM 2, 228 294 l, 072 • • • •••• 1132 
44.'IOI JG,~ 4 HO 46a 731 4, .587 ll 787 3. 8-42 3, 505 6. ~6 2, 31115 2118 l, ~ . • . •. •• 1, 141 

' I. 078 • • • • • • • • .. •• •••• ........ • • .... • • •• ....... 300 .•• • • • • • 1,819 7111 2, 7'12 2. 346 81 • • •• ••. 21G 

,= ~ ===== -- i"""'= ""' I M .. "" ... u:m-.. "" "·"' 1'"7rn' 14.:IW u.388 ,- 345 ~ ....... 4,650 

Water areas exclude Eie
phan! Butte Hesrn·oir. 

Do. 
Do . 

Do, 
Do. 

, ;~ :: _, :: ::_,- --+--::' , .... :: i ... :+_:::.,__ ~ , ..• ;: 1 : ::: 1. , = 1 .. :: = 1. ~= 1-- .. : .. , ~ r::: , , ::: 1 'is~ .. ,, 
City of El 
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PART III 
SECTION 7.-CONSUMPTIVE USE OF WATER REQUIREMENT~ 

Before the available water resources of the Upper 
Rio Grande Basin can be satisfactorily determined, 
a careful consideration must be given to the present 
consumptive use requirements for water in the various 
subbasins. It is desirable that these requirements be re
lated to the present irrigated and other water-.consuming 
acreage in such a way that reliable consumptive use and 
stream-flow depletion figures can be derived for use in 
determining the probo.ble draft upon the available water 
resources when the Basin is completely developed. 

De.ta for determining ·the use of water by the inflow
outflow method are obtainable only in certain areas of 
the basin, and are not always equally reliable. There
fore, with the data available it is believed that, consider
ing the entire Upper Basin, the integration method 
(p. 345) offers the best (or most feasible) means of esti
mating the present consumptive use requirements for 
.the major subdivisions of the basin. 

Application of the integration method produces the 
estimates appearing in the concluding tables of this 

report (124 to 129). Hence these estimates a.re to be 
understood as representing the present judgment of the 
Bureau of .Agricultural Engineering based not only 
on its investigations in Upper Rio Grande Basin in 
1936 but also, and to s.n important degree, on its 
own previous work and the previous work of others 
in various Western States over a long period of years. 
Estimates thus based on many studies and long ex
perience, together with the results of the 1936 work 
in the upper basin, are believed to be a safer guide for 
studying the irrigation possibilities of the basin than 
estimates based on the work of only l year, especially 
since the work during that year could not be begun 
until after the irrigation season was well started. 

In arriving at the estimates, no conclusion wns 
involved regarding quantities of water that may be 
needed in some parts of the upper basin to maintain a 
proper salt balance in the soil solution of the irrigated 
areas, the salinity phase of the problem having been 
de]ege.~d to the Bureau of Plant Industry (part IV). 

':f ..uit:t 124.-Unit, aanimed in utimaling conaumptive water requirements, in acre-feet per acre, San Lu~ Valley, Colorado and New Mt:ticn 

Location 
.Al!&l!a, 
clover 

Nathe 
hay, 

pasture 

------------------1---1----1-----------------------
:; :n.,eJ 1J iL5ln l!:ea: . ~ __ . .-~ 
J~ vuuniy .••••......•.••.•..••.•••......••••••••.••.....•• 

11:m°=i~~t~f~i:::::: ::::::: ::: ::::: ::::: :::::::::: :: :::: 
Scmtbwest -; 

South Fork, llellndvu, Plllos Creeks r.nd areas above .•••••.•.•.. 
Moote Vista CIIZI.Bl, Empm, Clollal, and small~ ••••••••••• 
Alamos Creek, La 1an Creek, aDd Temloo ln'tptlon Dl.strlct... 
Conejos River t.lld tributaries, S&D A.nwllio River, IDd Los Pioos 

River •••••.•••••••••••••••.••••••••••••••••••••••••••••••••••••• 
Ji.lo Cll'll.!lde CIW&J., Slll1Lnls Ca.nal, and small m.nals (1111uth clfflllld 

area) .•••....••••••..•••••••...•••.•..•...•.•.••........•....... 
Southeast ill'ea: 

'l'rmehllra Creek 111d tribuwies ••••••..••••••••.•....•••••••••... 
1:11-, Ute, and Sanltffl de Cristo Cnseb •.••••••••••..••.•.. 

Ouleb.r& Cnek and °'*Wa Cr Mk ..•••••••• - - •••.••.•.••• - •.•..•• 

422 

~. 5 
2. 5 
:u 
2.0 
2.5 
2.3 

2.0 

u 
2.2 
2.2 
2.2 

l. 5 
2.0 
!.O 

l, 5 
~.o u 
1.5 

2.0 

1.5 
1.5 
1.5 

1- 5 
l. 5 
1.8 

1,5 
1.5 
1.5 

1.5 

u 
1.5 
l. 5 
1. S 

l. 0 
1. 5 
1.5 

.8 
l.S 
1.5 

l. 0 

l. 5 

1.0 
1.0 
l. 0 

!. 3 3. 8 1.5 i.~ 3.5 0. 7 
2.0 a.a l.5 l.5 3. 5 • 7 
1. 8 3.8 l. 6 1.5 3.5 • 7 

.s 3.S l.S 1.S 3. 3 • 7 
1. 6 a. s l. 5 l, 5 3. 5 • 7 
l. 5 3.8 u l.5 3.5 • 7 

1.0 3.B I, 5 l. 5 3.5 • 7 

2.0 3.8 1.5 I. 5 3.5 • 7 

l. 0 3.8 u 1.6 3. 5 . 7 
l. 0 3.8 1.5 J.5 3.5 .7 
l.O 3.8 l.S l. s 3. 5 • 7 
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Waler Utilization 42~ 

lmpted lands Nati"• vecmi:ation Misoellaneous 1 Toi&! - mapped 

Location 
AC1'11S Acre-feet A.ere-feel AC!"eG .AcrHeet ! Acre-feet Acres Acn-f8et Aer&-feet Acres Aae-leet A;:n.leet 

llllrllel'e pelllel'e per acre I*' a.ere 

------
Ci-<! buln area: 

Squacbe County. --·· ••..•••••••••••..••••• 171,182 ffl,'26 I.ff 223,ffl 271,1132 1.22 85,078 34,297 U5 430,838 578,G&S I. 34 
ruo Onwde Comity CP&Ztl----··-·--········ be,792 101,212 l. 78 .. 271 8,&18 2. 05 .. oos 6, IMS Ul 8.5,027 U5, 928 J, 78 
Alam!R County (put)-.•..•••....... : ... (9,948 101,992 2. 04 m,.100 300,214 1. 70 ll,,!,03 l'-852 1.29 237,.560 n1.~ J. 76 

Eutlrll llN$ •••••••••••••••••••••••••••••••• 7i7,922 475, G30 J. 71 '°'-OH 158(),814 1.44 61,ffi 65,197 1.07 733,t:ZS l, lll, IJ41 1.52 

= = = = = = Bontbwestarea: 
South Fork, Si:llnlders, PiD.oll Cree.lcs ud 
._ above •••••••..••••••.••••••••••••••. 20,438 31,e1e 1.65 3,429 8, IUO 2. 51 2,823 5,310 1.88 2!1,690 45,536 l. 71 

Monie Vista Canal. Empire Canal, imd miall 
eiuials---· -- .................... ···--·· •••• M,851 ll!,5,362 l.~ 77,800 132,~ l. 71 G,01 l2. 678 l. 35 172,~ 310, 71!3 1. SI 

Aw:rl<JSA Creek, Le 1&1'111 Cn,eli:, and Temll<lO 
'3,339 

~ru'v~i:1ft:ti>iii.tieL
0

8an"Aiiionio" 
49,018 1111,409 1.80 71,113 1.114 8,003 JO, 823 1. 3,1 100,420 170. 3t5 I. 70 

River, and Los P!nos rover .•••••••••.•••• 82,389 132,871 l. Gl 2,5,014 (5, IOS J. 76 12,471 I7,.546 / l. ti 120,m 195. 522 l. 62 
Rio Offlllde CIWAI, BBD Luis Cua.I, and 

mzall CllLllais (IOUtb closed ma) ........... 113.GM 1H, 575 1.112 Z,000 '8,817 1.88 :u:m 5,066 1.8.5 6:1,883 UQ, 358 I. 00 ------ ------E1:1tlre area ..•. ---- .••.•••••• -...•••••••. 270,350 '82,833 1.19 171!, 191 306, 33S J. 7f 3,5, 9llO 62. 323 1.45 482,531 841,494 I.H 
= = = = ---------= 

&a~-: 
Trlncbera Cnek 1111d tr!butuias. .•••••• - ••. ll!, 847 27,lM I. 81 73, 173 77,936 1.07 ,5,l'IUi 7,436 1.25 ! 95,975 112. 557 1.1; 
Blanca. Uto, ad Ba.nirte de Cmto Cree:b .•. 2, 1169 4. 390 l. 1W a. 288 11,412 J. 82 GIO 1,003 I. 72 9, 57{ 16,865 1. ,6 
Cwebra Creek fllld Costilla Creek. •••••••••• 12,~ 82,009 1.153 77,635 l"II.GH 1.03 1,5, 167 18, ffll, I. 23 125,147 lSI,280 I. 21 ------

1.08 ~, 27. Ille ---i:-;;I~ EJlt!m area •••••••.•••••••••••••••••••••••• 61.1171 M,4.84 l.113 Iba, 1194 l!Sll,022 280. 702 I, 22 

J,Of2, 11471 1, 7~ 
= = 

1.23/~ 
= = Tota.I or averaae... ............................. .. 000, :Ma 737, 1119 l,OS.,, lH ~ I 109. 210 I 134, m 2,233, S37 l,54 

TABLE 126.-Uniu a.111.uned in utimating coniumptive wate,- requirement,, in.acre-feel per acre, Colorado-New Jlfe:xico Staie line to San 
Marcial, N. M. 

Locatlon 
Grus 

Cities, 
towru:, 
vlliaces 

M:isoellaneous 

Temp0-
n.rily Water ruz. 
Dllt or tiwes 

aopptng 

8iace Ihle to Rlnoonada 1 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1. -...... -- .............. -· ---····· ........ · ............ . 
Wuc:ion&datoEmbudo..................................... 3.5 !U U 2.5 2.5 4.0 2.0 2.0 3.7 1.0 
lmblldo to Su.&& Fe Cow:itYllue.......................... 3.5 2.5 1.5 2.5 2.5 t.O 2.0 2.0 3., 1.0 
BaniaF,Coon;ylil>etoBucman......................... . 3.5 2.5 l.5 2.5 2.6 4.0 2.0 2.0 3.7 1.0 

Kld~Jfgl~~~~-~-~~~~---·············· '-0 2.5 2.0 2.5 3.0 5.0 2.0 2.0 U ! l.O 

Jgne:::~~~~~~~~~~~~~i~~~~~~i~~~~~~i~~~~~~1 -n 
I 

iii ti r; 
1 

n I HI n 
1

1 n 
1 

1J I H 
lklet.i1111delA.pac.beto San Maccia.l ••.•• _................... '-0 2.~ J 2.0 2.5 

1 
3.5 5.8 2.0 2.0 ~-0 I 1.0 

• Cu;ou llillCtiou. 

TAl!LE 127.-E.stiffl(lu of con,umptive t.Mttt requs'renunt,, main stem of Rio Grande, Colorado-Neu: Me:,;ico State line to San Marcial, 
N. Mez. (including precipitation), baaed on 1936 acreages 

Irrlratad la.l:uh K atl ~• n1tttation Ml~cellaneous 1 I Tota.I area mapped 

Location 
A.era Am--1"8-& Acr&-C'Nt Acres Aen,•fNt .Acre-feet Acres Acre-feet .-1.cte•feer Acres Acre-feet I Arre-lee& 

perKre per acre per acre per acr~ 

------
Iii.to I.Int to R.IDcouada ·- ·-·--·· •••••••••••••••• 

• 191 ····-·uu· ... ···a1· ....... 78- •••••• 1511. ·:178 • 1167 2.56 ~ to Embudo ••••••••••••••••.••••••••• 1.83 2.llO .l40 ll,46 
Eni.bQdo to SUta :h CoalltJ llne. •••••••••••••• c.= 10.1137 s. 05 2,243 6,61! 2.95 2,212 G, 008 2.W V, 349 23,2W 2.iY 
t.a.tta Fe Oown:r line to Balilllnau .••••••••••••• 1,823 2. 20 l,.S77 6, ll:lll ii. !IA 008 3,102 3.20 a,m U,95.'i 3.rn 
Mkldle Rlo Oran<h ~ey Dl.mtd: 

5,:lll8 12,Mll 2.41 11,232 il0,756 a. 63 2,1i19111 8,Gll 2.87 19, «39 Gt,910 3. IQ Ccidlltl Dlvulol:I •••••• -·-····-·······---Albuquer~ Dh1dcm... ••• _ •••••••••••••••• 22,1111 411,008 2. 70 23. 495 81, ll22 il.'ll H,813 35,W2 3.04 :.8, 127 178,IW a.oei 
Belen Dl OD------···-····-······ ..... :13,1195 05, 188 2. T.l '°·™ 123, ll22 il.02 12,3M i!G.421 :u~ 77,0U 224, llal 2.92 
Socorro Dlvlslou.... ••••••••••••••••••••••••••• 7,237 :ia.1~ 2. 80 14,880 ,1,8,8" 3. 116 10,1155 40,156 3.07 :sa.m 111. n~ 11.64 

~llll de! Apecbe Oram-----···-·········-· 
• 

0

1119 ·--·uae ••• 2. 7e" 10, 16' 156,~ 6.M 2,4lij 10,2\.19 (.2C 12, a& 66, OIi.i 6,:W 
&sq,u• dll .Apacbe to Su MardaL •••.•••••••• 2,617 H,137 6.40 l,:Z7~ 6,:W 4.10 t,8JI 21, !Ml il.55 -------
Tota.I ar &vtirap •••• ---··-·······-············· 85, llGe 1'12, 217 2. Dl lllG, 833 186,523 u:z 4~. 1112 HG,872 3.25 :m,IIM 

I 
l'OS, ~I~ 3.2~ 

, CIU., i.own.s. llld '1'111-; laDd 1ampomlly out at eroppinc; 'Inter ~-pooled water, rlnr sod canal Slll'1-, and exposed beds; bare land, roaw, righl.Hll·\I ay. elc 
1 C&nyOQ IIICtJon. 
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424 Rio Graruie Joint Investigation 

TABLE 128.-Vnila: tu11imed in t11!imating cansumptivt water requirement.!, in Q.(.re-feet per acre, San Marcial, N. Mez., to Fort Quitman, Tex.1 

Imp.led J.e.1ldS Native veptat!on MiJaa!J&neous 

Loc:s.lion Nath·e Mlaoel· Cities, Bosque, _::_I 1•-1w Cotton bay, WIMUS Grass Brush tOWIJS', rJly out of ater Bar 
J>Uture crops trees villages cropping surt&ces Ian~ 

I -------

::: ····----~:~- -···--··;:~·\ San Marcial to E~ant Butte Dam .... -·-------- ____ e _____ ---- ----- - ~ ........ ____ .......... ___ ..................... 2.5 3.2 ~-5 o.s 
PAIOlll&s \"lilley ( ph&nt Butte Dam to Apache 

C1111yon) •••.•••••••••••••••••••••••••..•..•••••• - 4.0 2.5 2.0 2.S 3,2 4.5 .8 
Rincon Valley f: Sierra and Dona A.n11 CoW1ti1111). 2. 5 4.0 2.5 2.0 2.5 ' 3.0 •s ~o ~ol 4.5 -
Mesilla Valley New Malec Qd Teus ......•.•. 2. 5 4. 0 2. 5 

;:g 1 
:z. 5 2,8 4.8 2.0 2.0 4.5 

El Puo Dlvalon, Rlo Ol'lllde project._ ••••••..•.• 2.5 4. 2 2. 5 2.5 3.0 ~8 :zo 201 4.5 .1 
Hudspeth County Comen·alion and Reclamation 

2.0 3. 2 District No. I •••.••••••..•••••.•••••••••••••..•• 2.5 4. 2 1··-----····- 2.5 5.0 1 ............ 2.5 4.5 I .. 
I 

, Results of Bureau of Pb.Dt Industry salio!ty studies were not avajlable 11rhen tbesustimaw 11rm 11111de. Part IV 

T.\BLE 129.-Estimale of ccm.su-mplit•e water reguiremmts, main stem of Rio Grandt, San Marcial, N. Afe:r., to F()f'i Quitman, Tu. (including 
precipitati&rJ), ba,ed on 1938 aaeage, 

hricaud lauds Native ve«etatioa Miscellaneous , Total area mapped 

Location 

I Acres Acre-reet Acre-feet Acres I Acre-feet I Acre-feet I Acres I Acre-feet I Acre-feet J Acr1111 I .Acre-feet I Acre-feet 

----------------'·------ _::_::_ I per acre / I ~r acre / ! per acre 

SanMarcl&lwEle11bantButteD11nL ••........•.••.•...• ··--······-········· 22,071 JH,700 5.20 120,750 ll0,873. 5.34 J42,521 II 225.009 5.27 
Pllomas Valley (Eleplwlt Butte Dam l.ll I 

Apache CaDYOD).............................. 830 2,011 2.42 7,06 M,868 3.48 2,11.l! 7,00 3.34 10,383 3(,942 3.37 
Rincon Valley (lo Sierra and Dona Ana Coun• 

ties)........................................... 16.200 40,3~6 2.66 7,310 27,9M 3.82 5,398 16,817 3.12 27,914 85,118 3.M 
Mesilla Vialle,y ID 1'e11r Mexico aDd Texas....... 82. 9Z! :tr., 365 2. 74 13,198 43,100 3. 27 H, 2117 3t, 735 2. 43 110. 416 305, m 2. 76 
El Puo DI vision, Rio Grande Project.......... M, 423 163, 105 2. 89 10, o.53 32, CSl a. 25 1 O. 362 14, 927 2. 35 &72. 8381 :no, asa 2. SY 
Budspet.h County CoDllerntlon and Heclnma-

tlon Dlslrlct No. l............................ 13,579 3.\631 I 2.62 6,899 22,567 3.8.'l 2,117 6,001 2.39 21.595 
1 

63,259 2.113 

Tot:ilaniaoravem&e---············-----········ 168,001 41!6,468 2.T.' 0.,,900 l 26;,039 ~~~1~i'ai;:oo;r~1~ 
1 CltJes

1 
towns. and ,~t!S; land temporarily out of croppi~; water surl11C116-pooled water, rl'l'er and canal IIUriaoes, and ezposed lleds; bare land, roads, rlgbu-of-way, etc. 

1 Incluam water smfallll area of Elepbaot Butte Resurnu- (16,674 acres) as &il'lnged tor Juna 1936. 
a Exclual\'e of city of El Paso (6,2111 acres). 

Non.-Resulu of Bonsu ot Plant llldustr)' alilllt)" studies wm not anilable when estimates Wfll"e made. (Part IV.) 

, 
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PART IV 
PREFACE 

As originally prepared the report on the quality of 
the water of the Rio Grande Bil.Sin consisted of two 
parts; the analytical data and the interpretive report. 
The anolytical data were assembled first in a volume of 
296 pages, of which 70 copies were reproduced by 
multilith in Janua.ry 1937 and distributed to coopera
tors. The interpretive report was prepared subse
quently and with the expectation that the two reports 
would be published together. It wo.s later decided to 
publish the interpretive report as a part of the report 
of the Rio Grande Joint Investigation and to publish 
the Analytical Data as Water Supply Paper No. 839 
of the United States Geological Survey. 

The introductory statement of the analytical data is 
reproduced below because it contains information need
ful to an understanding of the terms and tables of 
this report. 

Introduction 

The analytical data of this report have been obtained 
!. us.rt from :field investigations conducted in 1936 by 

United States Geological Survey and in 1935 and 
.,o by the State of Texas, and in part from an inves

tigation conducted since 1930 by the United States 
Bureau of Plant Industry in cooperation with the State 
engineer of Colorado, the United States Geological 
3ur"";'ey .. :he -:-:nited States ,ection 0i ~he :mernationol 
.Bouncio.ry Commission United States and Mexico, 
and the United States Bureau of Reclamo.tion. In 
general the authority for the data is shown in the table 
headings or with the descriptive statements. 

The locations from which the water samples have 
been obtained are described in the text that a.ccompa.nies 
the tables of analyses. For the most part these descrip
tions a.re bn.sed on surveys of the type used by the 
General Land Office. For areas that have not been 
surveyed by the General Land Office, a similar net of 
sections and townships has been superimposed on the 
maps of this report. For convenience of cross-reference 
between this section of the report and the maps, the 
descriptive list includes an index number for each 
location. In this hyphenated index number the first 
number refers to the section, the second to the town
ship, and the third to the ra.nge. 

The tables of a.nalytical data fall into three major 
groups as follows: 

oup I. Tables that relate to conditions along the main 
.n of the Rio Grande as it hlMI been sampled at nine p.ging 

stations from Del Norte, Colo., to Fort Quitman, Tex., for 
!eVeral years past. 

GaouP II. Tables that relilfo to conductance determinations 
on series of samples from a large number of stations representing 
both surface and ground waters. Mostly collect~d in 1936. 

GROUP III. Tables that report the detailed analyses of samples 
from a smaller number of stations selected from among those 
for which conductance determinations have been made but 
including aho some stations for which no additional conductance 
determinations have been made. 

The tables of groups II and III a.re further subdivided 
so as to conform to the ne. tural subdivisions of the 
drainage basin as follows: 

l. The San Luis Valley comprises that portion of the drainage 
bum tributary to the main stream above the southern boundary 
of the State of Colorado. 

2. The Middle Valley comprises that portion of the drainage 
basin tribrta.ry to the ma.in stream between the aouthern 
boundary of the State of Colorado and the San Marcial, N. M., 
gaging atation. · 

3. The Elephant Butte project is the desipation used for 
that portion of the drainage basin between the San Marcial 
gaging station and the Fort Quitman, Tex., gagmg st&tion. 

It should be noted that certain surface water stations 
in the San Jua.n drainage basin, and some stations on 
tributa.ries of the Rio Grande that enter the ma.in 
stream below San Marcial, have been included in the 
tables for the Middle Valley. 

For each of the subdivisions of the drllinngc bn.sin 
- :.here _.re ·~oles- :or· Jliriuce ·.nners ·:ind· for '.;round 
waters. The demarcation between these two sources 
is not ·always clear. Surface waters include not only 
all natural streams and irrigotion canals diverted from 
them but also drains which lo.tter a.re largely fed by 
ground water. Ground waters include samples from 
wells whether shallow (subsoil waters) or deep (under
groUDd waters). With ground· waters have been 
included samples from springs when ta.ken at the spring 
and samples from certain small ponds in the San Luis 
Va.lley where the water appears to be derived, a.t least 
in pa.rt, from artesian wells. 

Methods of Aul7sis 

In general the methods of analysis used in tJ:wi 
mvestigation have been those adopted for use with 
irrigation waters by the Rubidoux Laboratory of the 
United Sta.tea Bureau of Plant Industry.1 

I u. s. Departmeut o! Acrlcult!U't, Btlnl&U or Plant lDdmtr)'. Ml&hodl or Aulyallt 
Ullld In the Rubldoiu: Laboratory, Rlvtnlde, Callr:, 11 pp. ReTilllld Mar. 20, 111133 
(Mlm~.) 
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The tabulated analyses include some or all of the 
following determ.inations: 

1. Speeific electrical conductance, expressed as K X 10' at 25" C. 
2. Total d.iaaolved solids, expressed as tons per acre-foot of 

water. 
3. Hydrogen-ion concentration, expressed as pH. 
4. Calcium (Ca), e:rpre1111ed as milligram equivalents per liter. 
5. Magnesium (Mg), expressed as milligram equivalents per 

liter. 
6. Sodium (Na), expreased as milligram equivalents per liter. 
NoTE.-In some of the analyses the \'alue.s reported for sodium 

are the l'CSU]ts or the direct determination of that constituent, 
in other analyses the values h&ve been obtained by ditTerence, 
i.e., by subtracting the sum of the calcium and magnesium from 
the sum of the anions, bicarbonate, sulphate, chloride, and 
nitrate, all these constituents being expressed as milligram 
equivalents per liter. 

7. Potassium (K), expressed aa milligram equivalents per liter. 
8. Carbonate (COi), expressed as milligram equh·alenta per 

liter. 
9. Bicarbonate (HCOa), expressed as milligram equivalents 

per liter. 
NoTE.-Beca.use the normal carbonate (CO,) occurs infre

quently in irrigation water it Is not reported separately in most 
of the tables. Where it Is reported by the analyst the values 
e.re added to the ,·aJues for the bicarbonate in the tables. 
· JO. Sulphate (804), expressed as milligram equivalents per 

liter. 
l I. Chloride (Cl), expressed as milligram equi\'a.lents per liter. 
12. Nitrate (N03), expressed as milligram equivalents per liter. 
13. Silica (Si02), expressed as parts per million. 
14. Boron (B), expressed as parts per million. 
:N'OTE.-In general, the boron va.Jues reported in the tables of 

gyoup I were determined at the Rubidoux Laboratory by the 
method of electrometric titration, while those in the tables of 
group III were determined at the Water Resources Laboratory 
of the United State~ Geological Survey by the colorimetric, 
turmeric met.hod. 

15. Fluoride (F), cxprC'sscd as parts per millio11. 
°1,,:··;.~-: ,, ~11c,ai 'he ·1\loride -,a.lucs :cport!'d miy ;n Jome 

ui i,lJc tables of group III were determiucd at 1-he \Yater RC'
i<uurccs Laboratory of the l"nitcd States Geological Survey hy 
the fcr:rit- thiocyanate colorimetric method. 

16. Silt (to~l suspended matter), expressed as tons per acre
foot of water. 

NOTE.-Since the chief objective of the investigations here 
reJM>rted has been to learn the C'onditions of salinity in the area, 
only incidental consideration has been given to tbe silt burden 
ri the streams. In collecting the water sa.mples no serious effort 
ha.s been made to obtain se.mples that would adequate!~· represent 
the silt conditions and consequent]y the data on silt content here 
reported should not be taken as the best obtainable. 

Computations and Interpretations 

The tables of detailed analyses in groups I and III 
generally include one column headed percent sodium 
and another headed percent chloride. The values re
ported in these columns a.re derived from the analytical 
data reported. in the tables. The values for percent 
sodium are obtained by dividing the sum of the values 
for all the cations, calcium, magnesium, and sodium 
(.including potassium if reported) into the values for 
sodium (and potassium) multiplied by 100; i. e.-

Riu Grand.e Joint Jnz-estigation 

No. (+K)XlOO 
Ca+Mg+Na(+K) perC-Ont sodium 

Si.milll.l"ly the values for percent chloride arc obtain 
by the formula 

(Cl+NOa) X 100 
HC0

3
+so

4
+Cl+N0

3 
percent chloride 

The significance of the derived value, percent sodium, 
is due t-0 the role of the basic or cation constituents in 
the exchange react.ions tlmt occur when water contain. 
ing dissolved salts comes in contact with the soil. The 
use in irrigation of waters c.ontaining high sodium per
centages tends to impair tho physical condition of the 
soil while the use of waters of low sodium percentages 
tends to maintain good physical condition or to improve 
poor physicoJ condition where that condition ha.s been 
caused by the deflocculation of the clay fraction. 

The significance of the value, percent chloride, is 
less directly agricu1tural. It is probably true that with 
equal concentrations of total dissolved solids the water 
having the higher chloride percentage would be the Jess 
desirable because the chloride constituent js regarded 
as more toxic than the sulphate or bicarbonate. Prob
ably the chief value of reporting tho chlori<lc pcr<'r.nto.gc 
is that together with the percent sodium it indicates the 
general character of the water involved or the dP.gree 
or relationship between waters f:rom different sources. 

The fa.ct that the conductance (specific electrice' 
conductance, KX10 1 at 2.5° C.) of water samples i 

extensively used in this report as a measure of the con
centration of the dissolved salts, warrants an explana
tion of the meaning of the term nnd of the significance 
of the measurement. Sneaking- technicollv. the con
iuctnncc Ji .i--.vn i.cr siin~J;ic is J;c ~cr:proc:-i: ·.){ its·~1rc: · 
tricn.l resistn.ucc. Thr. r.lcctricu.J resistance is what ii; 
nctually moo.sured. Tho resistance, men.sured in ohmi;, 
is determined by mon.ns of n. Wheatstone bri<lge n.nd n 
suitable vessel in which two platinum electrodes aro 
immersed in the water to be tested. With suitabfo 
means of temperature control or of compensat.ing for 
differences of temperature of the wn ter, the electrical 
resistance may be measured and tlie result of this 
measurement may be computed into the equivo.lcnt 
reciprocal of the resistance, which is the conducw.nce, 
and the value stated as of a. definite temperature. 
Because the measured resistance is more than l ohm 
a.nd often several hundred ohms, the re.ciprocaJ is a 
decimal number. The lett.er K is the conventional 
symbol for electrica.l conductan<'e; when it is followed 
by the symbol "X 105" it means that the decimal point 
has been moved 5 places to the right. The expression 
"at 25° C." means that the resistance was determined 
with the solution at 25° centigrade or that the resistance 
reading was compensated to its equivalent at thaJ 
temperature. 
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Quality of Water 

Conductance is a relative measure of the concentrn
~="n of total dissolved salts, or more specifically, of the 

dissolved electrolytes in the water sample. It is 
.ea.sure of the ionic concentration and because the 

various ions have different weights when measured 
gra.vimetrically the results of a conductance determi
nation may not be converted precisely into a gravi
metric measure of concentration such as parts per 
million or tons per acre-foot. There is, however, an 
approrimate relationship between the two measure
ments, when applied to the systems of mixed salts that 
occur in natural waters. This relationship is such 
tlui,t, in geners.l, natural waters having a conductance 
of 100 have a concentration of total dissolved salts of 
0.90 to 1.0 ton per acre-foot. With any group of 
water samples of the same type or from the same gen
eral source, it becomes possible to make a close approx
imation of the gravimetric equivalent of a conductance 
value by determining both values for a number of 
representative samples. 

In this report conductance determinations have been 
given for a large number of samples in the tables of 
group II. ln the tables of groups I s.nd III detailed 
analyses a.re reported. These detailed analyses include 
the values both for conductance and for total dissolved 
solids. When it is desired to convert the conductance 
values found in the tables of group II into gravimetric 

:"Valents it is suggested that recourse be had to the 
as of detailed analyses where samples similar in 

source or type may be found and a oonversion factor 
obtained by taking the mean of the ratios between the 
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conductance and gravimetric values for a number of 
such samples. 

Water analysts usually report gnnd.metric concen
tratioDS of total salts or total dissolved solids as parts 
per million. In the present report such concentra
tions are reported as tons per acre-foot. The conver
sion from one scale to the other may be made by the 
factor 0.00136. In other words, parts per million is 
multiplied by 0.00136 or 136Xl0 • to obtain the value, 
tons J>ilr acre-foot. Similarly the silt content of water 
samples is usually reported by analysts as percentage or 
parts per hundred. In the tables of this report, when 
the silt constituent is included, it is expressed as tons 
per acre-foot by using the conversion factor 13.6. These 
conversion factors are derived from the assumption that 
an acre-foot of water weighs 2.72 million pounds. 

In ease it is desired to convert the values here reported 
as milligram equivalents per liter into the sea.le of parts 
per million (milligrams per liter) that may be done by 
the use of appropriate factors. These factors are the 
combining ·weights of the several ions related to hydro
gen as l. The factors conventionally used to multiply 
the milligram equivalent values are: for calcium, 20.0; 
for magnesium, 12.15; for sodium, 23.0; for potassium, 
39.0; for carbonate, 30.5; for bicarbonate, 61.0; for 
sulphate, 48.0; for chloride, 35.51 and for nitrate, 62.0. 
If it is desired to compute the "total hardness" of a 
water sample to be expressed as the equivalent of cal~ 
cium carbonate in parts per million, this may be done 
by taking the sum of the milligram equivalents of 
calcium and magnesium multiplied by 50. 
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PART IV 
SECTION 1.-INTRODUCTION AND SUM MARY 

The present report is based on an invosti.ga.tion con
ducted during the summer of 1936 under the auspices 
of the Rio Grande Joint Investigation together with 
certain cooperative investigations conducted. since 1930 
by the United States Bureau of Plant Industry; the 
United States Bureau of Reclamation; the United 
States Geological Survey; the United States section of 
the International Boundary Commission, United Stat.es 
a.nd Mexico; and the State engineer of Colorado. Thls 
latter cooperative investigation was confined chieily 
to conditions a.long the me.in stree.m while the investi
gations of 1936 included also the tributary streruns and 
the ground waters in the irrigated ueu of the basin. 

The analytical data of this report indude also cer
ta.in analyses of water samples published in Water 
Supply Paper 240, United States Geological Survey, 
copies of which are not now readily obtainable, &.nd 
certain analyses of water samples from stations in Ele
phant Butte project made by the United States Bureau 
of Reclamation but not hitherto published. Certain 
other analyses, of samples collected at the San Marcial 
and Courchesne (El Paso) stations I 905-7, a.re reported 
in Water Supply Paper 274, United States Geological 
Survey, B.Dd are -not here included. Water Bulletins 
Nos. l to 5, published by the International Boundary 
Commission, 1931 to 1935, also include certain o.ne.lyt
icol data, most but not ell of which ll.l'e here included. 
Finally there are some analyses of water samples, col
lected f:rom ";he ~io Grande ::iear Las G'"'1ces. ~.-;Wex., 
in ~893-94, published in Bulletin a·o of New Mexico 
College of Agriculture a.nd Mechanic Arts, June 1900, 
that are not here included beca.use of uncertainty as 
to the discharge conditions represented. 

The data. of this investigation show that the Rio 
Grande collects annually from its headwaters in the 
high mountains of southern Colorado approximately 
a half million acre,.feet of water of very low sa.l.inity. 
Some of this water i~ diverted for irrigation use in the 
San Luis Va.lley of Colorado and as the river ]eaves 
that valley it carries, in addition to its residual channel 
Bow, the discha.rge of drains from the irrigated lands 
of the San Luis Valley together with the contribu
tions from several tributary streams that ori,,,l'l'lllate in 
the mountains surrounding the va.Uey. The stl.linity 
of these valley contributions is such as to increase 
materially the ooneent.l'&ti9n of the water of the river 
as it ]eaves the San Luis Valley and the State of Colo
rado, but this concentration is still Jow as eompnred 
with conditions found farther down the stream. 
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As it leaves the San Luis Valley the river enters a 
canyon section in northern New Mexico in which it is 
joined by several tributaries which increase its volume 
of discharge to somewhat less than a million a.ere-feet 
annually but do not change its salt concentration 
materially.· Below this canyon section water is divert
ed at successive stations to irrigate lands contiguous 
to the river channel above and below Albuquerque, 
N. Mex. In this section, known as the Middle Valley, 
the river is joined by se¥eral tributnries chiefly from 
the west and also it regains drainage water from the 
irrigated lands. The net efroot of these diversions and 
contributions during the period covered by this investi
gation has been to diminish slightly the volume of.river 
water an.nusJJy leaving Middle Valley as compared 
with the volume that enters it at its upper end but to 
increase its concentration about threefold. 

The stream waters leaving the Middle Valley are 
collected in Elephant Butte Reservoir the storage ca
pacity of which is approximately 2.5 million a.cre-f eet, 
or a.bout three times the annual discharge of the stream 
at this point. Water is :released from this reoorv,_;~ 
chiefly during the summer months, as it is required 
irrigation on the lands of the Elephant Butte proJ, 
which lie along the stream for 200 miles. 

During the period of the investigation here reported, 
1931 to 1936, the mean Bililual volume of water re
leased from Elephant Butte Reservoir !ias beep slightly 
.:nore Jfa,n .• 50,000 ..1.cre-ieet. This water 1S practically 
all diverted from the stream channel for irrigation use, 
some of it being allocated for use in Mexico. There a.re 
no important tributary contributions between Elephant 
Butte Reservoir a.nd the lower end of the El Paso Valley 
but the dre.ine.ge waters from the upper divisions are 
returned to the stream channel and rediverted to the 
lower divisions. 

The discharge of the stream at the Fort Quitman 
gaging station, the lower limit of the basin covered by 
th.is investigation, consists largely of drainage water 
returned to the stream from the lower divisions. Its 
mean annual volume for the period of this investigation, 
1931-36, has been about 175,000 acre-feet, as compared 
with 750,000 acre-feet annually released from Elephant 
Butte Reservoir. Its menn concentration at the Fort 
Quitm&n station, 2.75 tons of dissolved solids per acre
feet, is more tha.n three times as high ~ that of the 
water released from Elephant Butte Reservoir. 

The conditions of salinity found in the ground wateni 
of areas contiguous to the ma.in strewn are in gcncr 
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Quality of Water 

similar to those found in the stream it.self. In the 
Dresent investigation more attention has been given to 

quality of the shallow or subsoil waters for the rea
that those are thought to be more closely rela.ted to 

mige.tion conditions. Except in the San Luis Valley 
practically no use is made of the deeper ground waters 
for irrigation. The deeper ground waters of the San 
Luis Valley as obtained through artesian wells were 
formerly used to some extent for irrigation. Some of 
these artesian waters contain dissolved salts that differ 
strikingly in composition from the surface waters of that 
uea. They are characteristically "soft" waters, i. e., 
they have high sodium percentages and their use for 
irrigation has been injurious to the soil. Th.is is not 
true for all of the artesian waters of the San Luis Valley 
but only of the waters obtained in certain areas. · 

In summarizing the data obtained by th.is inv&itiga
tion an attempt he.s been made to estimate the quanti
ties of total dissolved solids and of ea.ch of the more im
portant constituents carried by the st.re~ past each 
of the principal gaging stations. These estimates show 
not only that the quantities of the total dissolved solids 
passing each station differ gre~tly but ahlo that the 
quantities of each constituent differ even more, so that 
the composition of the di.ssohred solids changes apprEl;Ci
ably from station to station. Probably the most strik
ing of these changes is the progressive increase in the 

·c:i.ntity of the chloride constituent in the down-stream 
~tion. For 1936 the only year for which data a.re 

.. e-eila.ble for all nine stations the quantity of chloride 
increased from 2,800 tons at the Del Norte station to 
137 000 tons at the Fort Quitman station. The in-1 

crease in sodium, from 4t400 oons oo 921000 oons was 

<llso ~ a:;e. . . . . . 
It seems obvious that the increa.smg quantrnes 01 

these salt constituents reported for the succeasive sta
tions may be due in part at least oo the contributions 
from tributary streams. But this source of origin can 
hardly be invoked to explain large increases that occur 
between stations where no tributaries join the stree.m, 
as for example within divisions of the Elephant Butte 
project. In order to explain the phenomenon of the 
local gains of the chloride coru1tituent1 a.esociated as 
it is with local losses of other constituents, the theory 
of displa.cement is proposed. According to th.is theory 
it is suggested that the ground water held in the sed
iment-filled valleys of the river, as in the El Pe.so 
Volley, may be highly concentrated in res~oot oo chlo
ride and tho.t the irrigation water percolating from the 
distribution system displaces some of this saline ground 
wo.ter which in tum passes out through th~ drains. 
The ngricultural implications of this theory arc referred 
to briefly. 
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Scope of Report 

This report deals with the quality of the water, both 
surf ace a.nd underground, in the drainage be.sin of the 
Rio Grande above Fort Quitman, Tex. The constit
uents of the water here reported are those that relate 
to its agricultural use rather than to its use for domestic 
or industrial purposes. The area involved includes 
34,450 square miles, of which all but 834 square miles is 
in the United States, the remainder being in Mexico. 
With.in this area water samples have been obtained for 
m::i.alysis from 1,215 stations within the basin and from 7 
stations in the basin of San Juan River, a tributary of 
the Colorado River, making a total -of 1,222 stations 
covered by the report. 

For the purpose of th.is in vestige. tion the drainage basin 
above Fort Quitman has been divided into three areas: 

{l) The &n Luis Valley, Colo.; 
(2) The Middle Valley, N. Mex., extending from the Colorado 

State line to the 8aD Marcial gaging station and including the 
11tatio1111 iD the San Juan s basin; and 

(3) The Elephant Butte project, New Mexico and Texaa, 
including the a,re11, below San Marcial and above Fort Quitman 
gaging station 

According to these subdivisions there are 486 sampling 
stations in the San Luis Valley, 621 in the Middle 
Valley, and 115 in the Elephant Butte project. For 
the water samples obtained from these stations two 
kinds of analyses were made: 

(l) A detennina.tion of the concentration of dissolved salts 
either by electrical conductance or by evaporating a filtered 
aliquot and weighing the dried residue; a.nd 

(2) A detailed analysis by which, in addition to the concentra
tion, a number of the more important constituents were deter
mi.Ded. 

·The prese:::.t :epoh ;i,es:~he·:e·sults·)f l::!;07lana.ly
aes, of which 91564 a.re of concentration only and 2,510 
are detailed analyses. 

In respect oo the three subdivisions of the ha.sin, the 
number and kind of analyses are as follows: 

For the 486 stations in the San Luis Valley there 11.Nl 1,552 
analyses for concentration only ud 283 detailed analyses-a 
total of 1,835. 

For the 621 11ta.tiona in the MiddJe V&lley, including the San 
Juan statioru1, there a.re 4,481 analyses for concentration only 
and 739 detailed ima.lysea-a total of 5,220. 

For the 115 at.ations of the Elephant Butte project there are 
3,531 analyses for concentration only and 1,488 detailed anal
yses-a total of. li,019. 

• ID CUWMCtioD wHh the ~t l:uestJotloD I& 'lll'U deemed a.d•bable tQ Include 
tba UILDII.Datlon of~ few nl.er lliUl!PI.IIS from the headwa1m 11! Bu J"ua:a Rlvtr, • 
tributi.ry of tbe Colarado, i-llllll of the PQl!ldbllity tbat 110IDe of tba& 'lll'at4in m!Ebt 
bed!"'"'4 Into tbudjacep& buln of the Rio Orude. The loaaUOIQ otU1--r,lm 
1111d Ulelr ual)'lllll8 art c!VOD on pp. 2:/Al and :121 or the analytical d&l.a. Tlae a,amples 
- all of low wmJty, ,ritb coudt1etali088 r.1111114 from U, to 31.2 Md wit.b low 
l!Odilllll Jllll'CI.Dtaiaa, ffl!IIDI fmm 17 tQ 34. J.n l'!lllmil they U'll llimilar hi qDalltf to 
r.llme ~ trom the upper tributaries of tb11 Rio anuzde Chat dJsclia:rre 1111.u ill• 
&D Lu.b Vuley. 
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PART IV 
SECTION 2.-THE HEADWATERS OF THE RIO GRANDE 

The headwaters of the Rio Grande come from the 
ea.stern crest of the Continental Divide in the ea.stem 
pn.rt of &n Juan County, Colo. Tributaries join it 
from the high mountains of Hinsdale a.nd :Mineral 
Counties as. it makes its tortuous way eastward to enter 
the San Luis Valley in Rio Grande County some 65 
miles east of its bead. This pnrt of the basm above the 
Del Norte gaging station comprises 1,320 square miles 
of rough topography and all above 8 1000 feet in eleva
tion. The precipitation oolleeted in this area, largely 
winter snows and early spring rains, yields annually 
i07,000 acre-feet of water, or approximately 0.72 acre
foot per ncre of drainage area. About 64 percent of 
this Yolume passes the Del Norte gaging station during 
the 3 months, May, June and July. 

In the present in,estigation1 19361 water samples 
were obtained from eight stations on the main stream 
and its tributaries above Del Norte. From three of 
these stations, Yiz, the main stream at Wason, South 
Fork, and Pinos Creek, samples were taken periodically 
during the summer {or conductance dete.rminations. · 
From the other fi,e stations individual samples were 
ta.ken for partially detailed a1u1.lyses. These samples 
all show that these headwaters are remarkably fow in 
dissolved salts. The conductances range from 4.6 to 
12.8; the latter equivalent to 0.13 ton of total dissolved 
solids per acre-foot of water. 

During 1936 the volume or water passing the Del 
Norte goging station was 472,300 acre-feet. or 'l.pproxi
:nuiely :·.i.,:o-:;hircis -it ~he :Jor:nai :fow· :or· the .:~6 years 
of record. This discharge as represented by 4 7 samples, 
taken at approximately weekly intervals, ranged in 
conductance from 5.6 in June to 16.0 in January with a 
weighted mean for the year of 8.46. The weighted
mean total dissolved sol.ids was 0.11 ton per acre-foot. 
These values show that the headwaters of the river are 
remo.rknbly pure, and the detailed analyses show that 
the chief dissolved constituents are calcium bicarbonate 
and silica. 

From Del Norte, where the river enters the San Luis 
Valley neur the center of its west side, the stream flows 
soutbenst and south to cross the State line into New 
Mexico at a point about 30 miles eASt and 40 miles south 
of nel Norte. In this. se<'.tion the stream is joined hy 
sc-verul tributaries that droin hot11 tho east and west 
sides of the south end of the &n Luis Valley. The 
strei:mJB that drain the slopes of the northern ha.If of the 
valley yield little water and that is mostly dissipated 

436 

locally by evaporation from the valley floor, which is 
somewhat lower than the channel of the Rio Grande, 

The dra.inage area of the Rio Grande· tribu ta.ry to 
the section of the stream between Del Norte and the 
New Mexico State line comprises approximately 3,500 
square miles exclusive of closed basins. This area 
includes the major portion of the half million acres of 
irrigated le.nd in the San Luis Va.lley. Unlike the 
uppermost section of the drainage basin this area makes 
no addition to the stream flow. On the contrary, it 
consumes more water than it contributes. The mean 
annual discharge, for the 46 year period, is 707,000 
acre-feet at Del Norte, while at the Lobatos station 
just above the State line the mean annual discharge is 
550,000 acre-feet. During 1936 the difference was even 
greater, 472,300 acre-feet at Del Norte and 281,000 
aere--feet at Lobatos. 

Water is dh-erted from the main stream and from its 
tributaries in this section for irrigation in the San Luis 
Valley. Not all the stream flow is diverted and some 
of the diverted water returns to the stream as drainage 
from the irrigated lands. The effect of these drainage 
:returns is to increase the salinity of water of the ov · 
stream. ID 1936 its conductance at the Lobatos , 
tion, based on 50 consecutive samples, ranged from 13.3 lll 
April to 70.9 during a period of low flow in July. The 
weighted mean conductance for that station for the 
year as shown in table 17 was 26.5 as compared with 
'3 .4 6 at ::::>el :1' one. °:'J.e :,o tn l <lissoh eci solids :ncrefl.Seci 
oetween the two statioru from 0.11 to 0.265 ton per 
acre-foot. 

The conditions of salinity found in the tributary 
streams in this section of the basin are discussed in the 
next chapter. It may be noted'here that the effect on 
the main stream of these tributary contributions is not 
only to increase the ooncentrntion of its dissolved sn.lts 
but also to change the composition of these snJts. 

The diversion a.nd use of wat8 for irrigation in the 
San Luis Valley appears to have an appreciable regu
latory effect on the regimen of the stream between the 
Del Norte and Lobatos stations in addition to diminish
ing the total flow and increASing the concentration of 
the dissolved salts. At tlic Del Norte stntion in ]930 
the discharge during the summer months, April to 
September, inclusive, comprisn11 85 percent of tlu~ tow1I 
a.rulUal discharge lcn.ving only 15 p<wcont for the 6 
months, October to Marc11. At the Lohntos smtion 
the corresponding percentages were 60 and 40. 
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PART IV 

SECTION 3.-THE SAN LUIS VALLEY 

Surface Waters 
San Luis Valley lies near the middle of the oouthern 

pa.rt of Colorado. It is bounded on the west by the 
main range of the Rocky Mountains e.nd on the east 
by the Sangre de Cristo Mountains. Peaks in both 
ranges of mountains extend above 13,000 feet. The 
Valley extends northward from the southern State 
line about 90 miles to Villa Grove and the greatest 
,.-id.th of its gently sloping plain is e.bout 45 miles. Hs 
elevation is about 7,500 feet at its lowest point with 
arable lAnd ruing to 81000 feet. The Rio Grande, 
which enters the Valley near the center of the west 
side, has deposited a delta. cone that extends into the 
,alley trough and· cuts off the free outflow of the 
streams that discharge into the northern half of the 
Valley so that their waters are dissipated locally by 
evaporation and transpiration. 

In the present investigation, water samples have 
been taken from six of the streams that discharge into 
th~ northern part of the va.lley from the &ngre de 

i:> Mountains on the east, from Crestone to Sand 
.J:!:. The conductance of these is very low, ranging 

from 4.6 to 10.4. The dissolved constituents are 
chiefly silica and calcium bica:rbone.te, so that these 
waters probably contribute very little salinity to the 
valley !ands. Of .~he streams cmtering ~he :i.orthern 

.. • • " • ' ~" 'O'"T • 1 - • ' " ~ ~ • ' 
}8J1i JI iJle nuwy :rom me west, iour .nave oeen sam-

. pled, from Kerber to La Garita Creeks. The con
ductances of these samples range higher than those 
from the streams on the east, from 9.1 to 64.1, with 
t.b.e highest conductance found in Kerber Creek. De
tailed ane.lyses of samples from Saguache and Camero 
Creeks show th.at here also the chief dissolved con· 
stituent,s are silica and ca.Icium bicarbonate. These 
findings indicate that currently the streams discharging 
into the northern pa.rt of the San Luis Valley are con
tributing very little potentia.J. salinity to the Valley 
lands. 

In the southern part of the Valley the drainage from 
the east is collected bi two streams that discha.rge into 
the Rio Grande, Tm.chem Creek and Oulebra Creek. 
On Trinchen. Creek ihere a.re two smaU reservoirs, one 
at Mountain Home. above the 8,000-foot oontour line 
and above any imporiant diversion, and Smith Reser
voir at t.he junction of Ute and &mgre de Cristo Creeks 
...... .._ T:rinchara. Creek. &mples taken from. four st.a.-

on Trixi.chem and Ute Creeks above the 8,000-

foot contour line show conductances ranging from. 7.7 
to 21.1. &ngre de Cristo C:reek sampled at two sta
tions above Smith Reservoir showe conductances 
ranging from 23.6 to 40.2; while Trinchera. Creek 
sampled at a station below Smith Reservoir range 
from 24.5 to 36.L Detailed analyses of samples from 
this station show that calcium. bicarbonate is the chief 
constituent of the dissolved solids. On Culebra. Creek 
the waters from some of the upper tributaries a.re stored 
in Sanchez Reservoir. The stream has been sampled 
at one station near the town of San Luis, 5 miles below 
the reservoir. These samples showed conductances 
ranging from 9.2 to 25.3, s.nd a detailed analysis shows 
that he:re also the dissolved eoHds are chiefly silien and 
calcium bicarbonate. No samples were taken from the 
lower sections of Trinchem and Culebra Creeks as they 
join the Rio Grande. 

On the west side of t.he southern part of the San 
Luis Valley the nature.I drainage and much of the arti
ficial drainage from the irrigated land is collected by 
three streams that empty into the Rio Grande. These 
a.re Alamosa, La Jara, and Conejos Rivers. The upper 
tributru:ies of Alamosa. River are collected in Terr.o.ce 
Reservoir, above EmY important diversions. Wate:r 
samples from a station just below this reservoir show 
conductances ranging !l'Om 12.0 t.o 24.!:!. One ,a.mule 
~aken<owel' ,fown .be st:rea.m hut' above any irngstion 
dram had a conductance of 10.6. On Rock Creek, a 
tributary of the .Alrunosa, samples were taken from 
four stations. One of these stations located aboye the 
8,000-foot cont.our line showed conductances ranging 
from 6.8 to 13.1. Spring Creek is a tributary of Rock 
Creek th.at originates below Monte Vista. canal. Sam
ples from a station near its source showed oonductances 
of 24 to 38. In iw lower section, Rock Creek collects 
drainage from irrigated land and samples from two 
stations a few miles a.hove its mouth showed oonduct
imces ranging from. 46.3 to 100, imd detailed analyses 
of samJ>les from these stations show the presence of 
e.ppreciablP. quantities of sulphate, chloride, and 
sodium. 

La Jam River has been sampled e.t three stations. 
At the upper one of these, located a.hove the irrigated 
land, the conductances ranged from 10.6 to 16.9. At 
Diamond Springs which, like Spring Creek, originates 
below am irrigation ditch, the conductances were 32.9 
and 36.3. At a stat.ion on the ma.in stream fa.rt.her 
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down nea.r Sa.nford the conductance range wu 24.6 t.o 
42.4, and a detailed &nalysis showed appreciable quan
tities of sodium and sulphate. 

On Conejos River and its tributaries samples were 
obtained irom seven stations. From three of those 
stations on the main stream above the irrigated land 
and from one station on Los Pinos Creek, also above 
irrigation, the conductances .were all very low, ranging 
from 4.6 to 11.4. One sample from the main stream 
in the irrig&.ted area north of .Antonito had a. conduct
ance of 6.0. Sa.mples from a station on Rio San 
Antonio, near Manassa, where it joins the Conejos, 
had conductances of 11.1 and 22.2, while sa.m.ples from. 
a station on the ma.in stream near its junction with tht. 

~ Rio Grande had conductances ranging from 14.8 to 23.4. 
These data show that of the five streams in the Sa.n 

Luis Valley that discharge into the Rio Grande, all 
carrying some drainage from the irrigated lands, the 
salinity is low in all except in Rock Creek, and it is not 
excessively high even in the lower section of that 
stream. 

In addition to the surface waters of natural streams 
the present investigation included the sampling of a 
number of drains on the west side of the San Luis 
Valley. On the delta cone north of the Rio Grande 
where some of the cropped land has a very permeable 
subsoil, the method of irrigation is to fill the subsoil 
with water by percolation from field ditches, controlling 
the elevation of the water in the subsoil by means of a 
system of outlet ditches or shallow open dra.ins. In the 
area between the Rio Grande, north of Monte Viste., 
and the town of Center, this system of i.rriga.tion is 
extensively used. This area is served by the Rio 
Grande drain. Sam.oles from two gtations on t,hls 

· 'drain 3how con'l.iucta~ces ranging .f.ro:m .:?i . .5 ii<;. 56.9: 
The area north of Center is served by the Gibson 
drain which he.s been sampled at two stations, where 
the conductances ranged from 29.6 to 36.6. The area 
lying to the east of Center, toward the Valley trough, 
is served by the San Luis Valley irrigation district 
drain which disch&rges into Sa.n Luis Lake. This 
drainage system has been sampled at six stations with 
conductances ranging from 39.3 to 67.8. Samples 
have been taken also from two stations on San Luis 
Lake where co:iiductances nmging from 63. 9 to 108 
were found. Detailed analyses of samples from the 
lake show that the chief salt constituents a.re sodium 
and magnesium combined with bicarbonate, sulphate, 
and chloride. Fluoride also was reported for these 
samples in ooneentmtion of approximately 1.5 .p. p. m. 
The Hall drain. in the northern tip of the valley wu 
sampled at one station with conductances of 49 .3 
and 61.1. 

In tb.a.t portion of the Valley south and west of the 
Rio Gra.nde samples have been ta.ken from seven 

Rio Grande Joint Investigation 

stations on five drains. At two stations on the Bowen 
drain the conductances ranged from 56.4 to 98.l, being 
slightly higher from the station near the drain outlet. 
Samples from one station on Waverly drain ranged 
from 96 to 186. From two stations on Carmel drain 
the range was 85.5 to 161. Morgan drain, sampled e.t 
one station, gave the highest conductances reported, 
ranging from 126 to 310; while those from one station 
on La Jo.re. drain ranged from 68.6 to 89.7. 

The data in respect to the surface waters of San Luis 
Valley show that the streams flowing into the Valley 
contain relatively very little dissolved material. The 
water leaving the Valley through the Rio Grande 
seldom contains more than half a ton of dissolved solids 
per acre-foot and frequently less than 500 pounds per 
acre-foot. The water in the drains north of the river 
is also of relatively low salinity. In some of the drains 
south of the river the salim.ty is relatively hlgh and it is 
doubtless from this area that most of the salt is derived 
that the river carries out of the Valley. 

Groud Waters 

The San Luis Valley is a sediment-filled depression 
between the Rocky Mountains on the west and the 
&ngre de Cristo Mountains on the east. In dimen
sions it is approximately 90 miles from north to south 
and a.bout 40 miles from east to west. The present 
surface slopes gently from both sides to the Valley 
trough which, at its lowest point is about 7,500 feet 
above sea level. The sedimen~ of the Valley fill are 
apparently saturated with water. The surface of the 
saturated zone is generally within a few feet of the 
ground surf a.ee, and through much of the lower area the 
•ieeper water is under ?ressure from :he higher :ntake 
J.res.s a.i t.he aicies oi t.he Valley so 'that rlowing artesian -
wells are common. 

In the present investigation concerning the quality 
of the ground waters of the Valley there were two objec
tives: (1) to measure the concentration of the total 
dissolved salts, and (2) to ascertain the composition of 
these salts. The data bearing on the first objective 
are reported on pages 66 to 99 of the .Analytical Data. 
The results of the detailed analyses are reported on 
pages 198 to 219 of that report. In both groups the 
data are given in respect to surface areas without 
attempting to make a definite segregation between 
&hallow or subsoil waters and the deeper waters. 
Samples were taken from 280 shallow or observation 
wells, often only 6 to 8 feet deep. These samples 
manifestly represent only the subsoil wa.ter. Among 
the deeper wells, numbering 121, there is wide range of 
depth. Some of these were dug wells of various depths 
from 15 feet to 80 feet or more, but not tightly cased 
a.nd probably drawing water from each permeable 
stratum penetrated. Even among the drilled wells it 
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QualiJ.y of Water 

is not always certain that the water comes chiefly from 
near the bottom of the well because some of them are 

··ightly cased to the foll depth. In addition to the 
, samples we.re taken from 10 springs a.nd from 

l small lake, ma.king a total of 412 stations. 
In collecting the data in respect to concentration 

only the aim was to take three samples, a month or more 
11.part, from each well. It was known that such consec
utive samples, particularly from shallow wells, might 
show different concentra.tions as local conditions changed 
during the season. Sometimes these differences are so 
great that it becomes difficult to decide on an acceptable 
single value for the concentration of the water from a 
given well. It is possible that there may have been 
occasional errors in recording the location data for cer
tain samples which might explain some of the discrep
ancies. However, it is known from similar investiga
tions elsewhere that pronounced changes do occur in 
the concentration of consecutive samples from the same 
shallow well. Such changes are uncommon in con
secutive samples from deep wells &Dd from many of 
these only individual samples are reported. 

In the present interpretation of the conductance date. 
from the wells of the S&D Luis Valley the location of 
ea.ch wen was spotted on a map of the area, with an 
indication as to whether the well was regarded as shallow 
or deep. The conductance data for each well were then 

.ined and e. sing]e value taken that seemed best to 
38Ilt the conditions of C:OnMntration at that well. 

.. , was found that for the whole area the conductance 
values ranged from less than 20 to more than 1,000. 
For convenience of consideration, an arbitrary group
ing was established involving nine ranges of concentra-

, :ion is ::neasu;-eti ·':,-y. ~lJ;nciuctance. ::'he 1ccepte9 ~on
centration value for each well was then indicated e.s 
a part of its location symbol so that the map showed 
the approximate ooncentration of the water obtained 
from it. 

The nine groups are listed in table 1 with the conduct
ance limits of each group, together with the number of 
Jocatio:ne that f&ll into each group. It will be seen that 
of 411 stations sampled the waters of 150 of them had 
conductances of Iese than 50, while there were 123 sta
tions from which the waters ha.d conductances ranging 
from 50 to 100. Thus 273 out of 411 stations gave 
samples with conductances ranging under 100. At the 
other extreme there were 35 stations, including a small 
lake, not listed in the table, from which the conduct,.. 
ances ranged above 400. The concentration of dis
solved salts is generally leu in the water from deep wells 
than from the shallow ones, yet 11 of the deep ~ells gave 
conductances higher than 150. 

The ground waters with the lowest salinity occur on 
sides of the V e.l.ley. On the west side most of 
,ells. both shallow and deep, north of the Rio 

Shallow 
w.ils 
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t: Dl~'.'.:'.:::::::::::·:-~.~----~_~._- ---::::;/1 ·~ :::::::1 l! 
• !2 ••••••••.• "" 

Total ••••••..•..•••••...•.•......•• --10-l---280-1---121-1---.-ll 

Grande and west of range 9, fall into group l with 
conductances less than 50. On the west side, south of 
the river, there is a narrow band of water of low 
salinity_ mostly from deep wells extending southeast 
through ranges 8 and 9 to the south end of the Valley. 
Along the east side of the Valley there is a narrow 
band of ground water of low se.linity extending south
eastward from the southwest corner of range 11, 
township 44, to range 12, township 37. Between these 
two sides the ground water is generally more saline, 
though not universally so. 

The ground waters of highest salinity occur in two 
areas. One of these areas extends along the trough of 
the Valley from north of Moffat in range 10, township 
44, south to the east side of range 11 in township 38. 
In this area the highest salinity occurs in the vicinity 
of San Luis Lake, although the water of that lake was 
not highly saline during the period of this investiga
tion. The other and smaller area of high salinity lies 
south and west of the Rio Grande in range 9, township 
37. • ;m.d .in ~a.nges 9 . tmd :0, .-..own shin 16. In ".he 
northern area high salinity is found in · the deeper 
waters as well as in the subsoil waters, while in the 
southern area high salinity is confined to the shallow 
or subsoil waters. 

In addition to determining the total concentration 
of the dissolved salts in the ground waters of the San 
Luis Valley, the present investigation also includes a. 
number of detailed analyses in order to asce.rtn.in the 
character of the dissolved salts. Prior to the present 
investigation it had been known that in some of the 
ground waters the preponderant constituents were 
sodium and carbonate or bicarbonate, while in other 
ground waters the domine..nt basic constituents were 
calcium and magnesium. The analytical data includes 
on pages 198 to 219 the detailed analyses of water 
samples from 151 location.sin the Valley, including one 
sample from a small. saline lake (3o--40-12). In. 
respect to samples from 11 of these locations, the 
analyses were not sufficiently detailed to afford 
in!orme.tion as to all of the more important constit
uents. 
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The results of the more complete detailed analyses 
show that regardless of concentration there are at least 
two types of ground water that di.ff er from each other 
in important particulars. The differences between 
representative samples of waters of the two types are 
shown in table 2. The first two nmples listed in the 
table a.re similar in concentration and in composition 
to the surface waters that enter the Valley from the 
surrounding bills. The first of these two samples is 
from o. deep well located on the west side of the Valley 
on the delta of the Rio Grru:ide. The other sample is 
from the east side of the Valley on the delta of Trinchera 
Creek. In these two somples the dominant basic con~ 
stituents a.re calcium and magnesium, and while the 
dominant acidic constituent is bicarbonate, there are 
present also appreciable proportions of sulphate and 
chloride. 

Tau: 2.-Typical grotmd waters of the San Luu Valley, Colo., 
elwwing ~ ratio of each eon.,titi&em to the ,1.mi. o/ 4ht: ~tit~nt, 
of ffldl. group, i. e. cation, end cmiom. 

Con-
Peroentap of eacll COZ1J1t!tueut 

due. 
Lomtion of sample lln!ll! Cal- Ml!B· Bod· Blc:at• Sul- Chlo-

RXIO' dum De!lum lum bmm!AI t•te ride 
at.25°C. (Ca) (M&) (Na+ if01+ SO,) (Cl+ 

JI:) COi) NO.) 

--
13-40-1 (1L113Rl)_ ••• __ 111. 5 ISi.i 18 20 70 15 15 
l._30--73 tSHQlJ----- K7 71 18 u 811 II a 
1HO-U 11N9Dl) ••• _. 182 l J 97 117 .5 2. ~ 

10-37-10 w,.uoL1J ____ 29.5 12 2 86 112 II 2 

The second pair of samples shown in the table repre
sent the conditions found in the "soft" ground waters 
of the central part of the Valley. One of these is from 
a deep well located in the trough of the Valley about 
~ miles northwest 0f San Luis Lake. !t ha.s .been 
~a!ected JS :epresenung the· :~th.er .;aiine yellowish or 
brownish water that is found under an extensive area 
of the central section of the Valley. Its dissolved salt 
is composed almost wholly of sodium carbonate or 
biea.rbonate. Many of the waters of this type in this 
area contain flammable gas of the hydrocarbon type. 
The other sample of "soft" water is from a well located 
at .Alamosa, south of the Rio Grande and west of the 
Valley trough. The ground waters represented by this 
sample are usually not colored, do not contain gas, and 
have low salinity like the inflowing surface water, but 
the propo:rtione of calcium and magnesium are "'V'ery low. 

The inference is that the deeper waters cireulating 
through the sediments of the central pa.rt of the Valley 
have boon subject to bue exchange reactions and 
possibly also to aom.e reduct.ion or decomposition of 
the sulphate constituent. The eoft water from these 
wells has doubtless been an import&nt factor contribut
ing to the occurrence of extensive areas of "tight" or 
relatively impermeable soil that exist in the lower 
aectio11s of the Valley. 

Rio Gra:,uk Joint lnNstigaticn 

The significant and characteristic difference between 
the two types of water shown in ta.ble 2 lies in the sodium 
percentage. In the first pair of samples this percentagP 
ie low, less than 30, while in the second pair it is higl 
more than 80. A summary of the conditions found in 
the San Luis Valley in respect to the sodium percentage 
of the ground waters is shown in table 3. The locations 
from which the more complete detailed analyses were 
made are cla.ssIBed into 10 groups. It will be seen that 
in the case of the 100 deep wells there are 44 with low 
sodium percentages, i. e., less than 30, while there a.re 
30 wells with sodium percentages abo,e 80. The 
waters from the shallow wells and from the springs 
tend to fall into these groups rather than into the 
intermediate position. It seems probable that in the 
ca.se of the shallow wells the high sodiwn percentages 
.are the result of local contamination by waste water 
from &djacent deep wells rather than of the natural 
accumulation of such water in the subsoil from irriga
tion with surface water. 

T.u1.1t 3.-Grotmd water, of the San Luu Valley, Cow., cku1'jud 
a to 11odium peruntages 

Springs 8!~~w Deep Total 
wells locations 

-----------1--- ---------
L4!Sa thll.ll 10_. ___________________________ ···-------

10 to~--·-·---------·--·-····--····--··· -········· 20 to 30 ••••••••••••••• _ ••••• _____________ 3 

ao to t-0--·····--···----··-----·---------· 2 40 to IIO ••••••••••••••• _ ••••• __ ••• ___ ••• __ ----······ 
~ to eCJ __ •••••••••••••••••• ·--····--····· l 
80 to 70--············--·····--··----··--- I 
70 to 80 ••• ----- -·-- -- ····--. ---- ••••• ---- •• _. ----·· 
80 to 90 ••••••••••••••• _ •••• ______________ --·--··-·· 
llO to lOD •• ------··----------·----···---•• 2 

1 
a 
6 
2 
l 
l 
8 

' 2 
7 

3 
ZI 
111 
12 
8 
1 
2 
3 

13 
17 --------Total______________________________ U 30 · 100 139 

One notable characteristic of the 3ro~d waters of the 
·3an·· Luis Vailey is uhe frequent occurrence of rl.uoricie 
and the occasional occurrence of boron. Not all of the 
analyses included the determination of these elements 
and the quantities found were listed in the present 
report when the fluoride was not less than l .O p. p. m. 
or when the boron was not less than 0.55 p. p. m. Of 
the sa.mples from 151 stations in the Valley, fluoride of 
1.0 p. p. m. or more was reported for 44 and among 
these were 14 samples containing more than 0.55 p. p. m. 
of boron. 

For the Sa.n Luis Valley as a whole, it may be said 
that the ground waters around the margins are of low 
salinity with low sodium percentages, being similar in 
character to the inflowing surface waters. In the lower 
sections of the Valley there a.re two areas in which the 
shallow br subsoil waters are generally rather saline. 
Towe.rd the middle of the Valley the deeper water is 
generally "soft", i. e., has a high sodium percentage 
and in the area north of the eastern edge of the Rio 
Gnnde delta the deeper waters are both soft and rather 
saline. 
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PART IV 
SECTION 4.-THE MIDDLE RIO GRANDE VALLEY 

Surl'ace Waters 

The Middle Rio Grande Valley as here delimited 
includes that section of the drainage basin extending 
from the Colorado State line south some 230 miles to 
the San Marcial gaging station. In the present in
vestigation, water samples have been obtained from 24 
stations on 15 tributaries that join the main stream 
in this section. On the east side from Costilla Creek 
on the north to Galisteo Creek there a.re 10 small 
streams, while on the west side there are 5 streams, 2 
of which, the Cho.ma and the Puerco, a.re relatively 
large. Samples were obtained also from 5 stations on 
4 tributary streams south of San Marcial, 2 from the 
west side of the river and 2 on the east side. Of these 
4 streams probably only l, the Alamosa, that dis
ch&rges into Elephant Butte reservoir makes any sur
face contribution to the main stream. 

The waters contributed from the ·east by the streams 
north of Ga.listeo Creek are all of low salinity with 
conductances ranging from 4.8 up to 72, with only one 

•.ion above 50. The sodium percentages a.re also 
none exceeding 30. For Galisteo Creek, which is 

-! much of the time, there is only one sample. This 
sample, with conductance of 212, probably does not 
represent the normal flood discharge of the stream. 

The Rio Chama, an important tributary from the 
vest. :1as )een sa.mpled :1.t sb: stations. ·:ta waters ire 
also of low salinity with conductances less than SO and 
with sodium percentages less than 30. Conditions a.re 
different in Jemez Creek. This stream drains a region 
in which soft rocks a.re exposed and in which there a.re 
sa.lt springs. Some of the flood waters from torrential 
rains a.re not highly saline but the low water discharge 
is strongly so, with conductances ranging well above 
400. The Rio Puerco and Rio Sa.le.do that join the 
main stream above the San Acacia gaging station a.re 
also rather saline. In both of them the waters of the 
la.tter pa.rt of a flood may have oonduetancoo below 100, 
but the low-stage dis.cha.rge and the fint flood waters 
are likely to range up to 400 or more. The dissolved 
B8.lts c&.rried by these Iut.-named streams-the Jemez, 
Puerco, and Salado-eonsist la.rgely of sulphates of 
calcium, sodium imd magnesium. The sodium per
centages seldom range much above 50, Of the four 
streams south of San Ma.rcial, the samples from only 
on~. Tularosa Creek, had conductances ra.ngmg above 

No detailed analyses were made on samples 
. these strea.ms. 

The main stream of the Rio Grande, on leaving the 
San Luis Valley in Colorado, enters a canyon section 
at 7,425 feet above sea level and emerges from that 
section 120 miles south, above Coehiti, at 5,230 feet 
elevation. From Cochiti to San Marcial, a distance 
of approximately 165 miles, its gradient is lower, about 
4.5 feet per mile, and it meanders through a flood plain 
sometimes 4 or 5 miles wide. In this section the river 
bed is only slightly lower than the flood plain and along 
much of its course it bas been necessary to confine the 
river channel by levees on one or both sides. On the 
la.nd side of these levees the borrow pits have been 
interconnected to make intercepting drainage canals 
which are known as riverside drains. The irrigated 
land along this section of the stream lies chiefly on the 
flood plain and is watered by canals that bead at suc
cessive diversion points. The sedimentary material 
of the valley .fill is saturated with water and the surface 
of this satW'ated zone is seldom more than 5 or 6 feet 
below the ground surface and is often closer. In order 
to keep the subsoil water from rising so high as to cause. 
crop injury a system of open drains has been constructed 
through the irrigated lo.nd. These are known as 
interior drains. These interior drains discharge into 
the river or into the Riverside drains, which in turn 
discharge into the river, and these waters are again 
diverted for irrigation farther down the stream. 

• ln lihe "present investigation water sa.mpies were ~nken 
from the main stream of the Rio Grande a.t two stations 
above Cochiti and at 11 points from Coehiti to San 
Me.rcial, inclusive. The conductances of these &amples 
a.re reported on pages 100 to 105 of the analytical data 
and the results of the detai1ed analyses are given on 
pages 226 to 229. These a.na.Iytfoal data show that 
there is a general increase in sa.linity in the down stream 
direction. This increase in salt concentration may be 
due in part to the contributions ma.de by the Jemez, 
Puerco, and Salado and in part to the dissipation of 
wa.ter by pla.nt use and by evaporation taking place on 
the irrigated la.nds. The analytical and discharge data 
do not aff'ord an adequate basis for estimating what 
quantities of water and of dissolved salts enter ),he 
Middle Valley by way of the Rio Grande at Cooh.iti and 
what pa.rt enters from its tributaries between Cochiti 
and &n Marcial, or of estimating the quantities that 
pass out at &n Marcial. This subject will be consid
ered in a later part of the present report. 

In addition to the samples taken from stations on the 
main stream of the Rio Grande, the irrigation supply of 
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the :Middle Valley was sampled at 22 stations on 15 of 
the more important canals. Eight of the canals supply 
land v,est of the river and seven are on the east side. 
On six of these canals samples were ta.ken at two or more 
stations to learn whether the water was appreciably 
different toward the Jower end of the canal than near 
its head. The findings of this part of the investigation 
are that the canal water is much the same as the river 
"Water and that there is no appreciable diflerence between 
samples taken near the head of the canal and. those 
taken lower down on the same canal. The conduct
ances ten.d to range higher in the canals that take 
water from lower down stream than in those that take 
off at the upper end of the valley. There is one that 
is exceptional. It is Jaral lateral no. 1 (index no. 
17-5-2). The water sampled from this canal showed 
oonductnnca; consistently higher than that of adjacent 
canals. For 17 consecutive samples taken from July 
to December 1936 the conductances ranged from 129 
to 173. The water in this canal comes not from the 
river but from the lower Belen Riverside drain, which 
in tum carries the water of the Sau.sal interior drain. 

At one of these canal stations, at the head of Arene.l 
me.in ca.nal near Albuquerque, it was deemed advisable 
to take samples more frequently than once a. week to 
learn if there were diff erenoos from day to day in the 
salinity of the water. The samples ta.ken at this sts.
tion (p. 109 of the analytical de.ta) e.re a.ssumed to repre
sent the water in the Rio Grande as it passes Albuquer
que. The record of tJ1ese 95 consecutive samples shows 
tbat in Jrencml the difl'erenoos from day to day were 
slig11t,. ThC'rc "\\'C'ro times however, notnb1y early in 
Aug"USt nml R.gllin lnt.e, in &>pt.cmoor, when th~ oni]y 
1iff (''!'enc:rs n;'!'e -:1J.r,;0. 

While the data so for available arc not suflicicnt to 
justify an o.twmpt to estimo.te ilie quantities of dissolved 
saltf:l that annua.lly move pnst any given point in the 
Middle Valley, they do appear to justify e.n estimate as 
to the concentration or conductance of the water po.ss
ing certain of the control stations. The control sta
tions selected for consideration a.re the following: 

(1) Cochlti-the uppermost divenion point for the Middle 
Valley; 

(2) hleta, which ia at the lower end of the Albuquerque 
diril!ion; 

(3) Ban Acacia, which is at the lower end of the Belch division; 
and 

(4)' &n Ma.rclal, which 1111 at the lower end of the entire Middle 
V&lley. 

In the upper division, between Coohiti and Islet&, two 
tributaries, Gatisteo Creek and Jemez Creek, enter the 
Valley. In the next division, be~ween Islets and San 
Acacia., the Rio Pueroo and Rio Salado enter. Finally 
all the Valley drainage is returned to the main stream 
above San Marcial. In arriving at a single mean value 
for the oonductance of the water p8.88ing each etatjon 

Rio Grande Joint Invutigation 

during the period of the present investigation the con
ductance data are taken not only for the samples col~ 
looted at the station but also the samples taken from the 
irrigation canals that head at the station. Thus the 
mean for the , Cochiti station is derived from samples 
taken at the river station and e.t two points on the Sill 
Canal and two on the Cochiti Cana.I. The Islets. mean 
includes results from the Belen and Peralta canals, and 
the San Acacia mean includes the data from the Socorro 
canal. The mean for San Marcial, not weighted for 
discha.rge, is based on 63 consecutive samples taken 
during the year ending 6ctober l, 1936. The mean 
conductance values for the four stations e.re shown in 
table 4. It is evident from this table that there is a 
progressive increase in salinity at the successive stations 
in the down-stream direction. It is evident also thi:.t 
the percentages of sodium and of chloride increase 
progressively in the same direction. 

T.u1LE 4.-The mean conductance valuu and the ,odium and 
chloride Pf)TcentGges of uicter pa.111119 111.ccunve control .station, 
on the Rio Ora.nae through U&e Middle Valley in New M~ 
during 1936 

Station 

Cocbitl. - . --- ------. ------- ... ---· -------
Illeta .•• -------··· ..••••••••. ---·-······-
Saa Amela.----------------- .. -· .. ----··· 
San l'dazelal •. - . ---- ---------. - . -----· ---

Mean Pttcent 
N~ber cot!:~r i---.---
911Dlples (KXlO- Sodium Chlorid• 

at 25° C.) Na Cl 

113 37.9 '1'l 7 
& &3.2 lW 11 
84 89.0 ff 17 
63 100. 7 ---··----- ··--·-••' 

It has been noted nbove that where the elevation of 
the river channel is nenrly as high as that of the lnnd on 
either side, levees hnvc been huilt t-0 confine the stream, 
nnd that on the land side of these Icwces open cl11mncls, 

• :rnown 'ls·, ri"vcrsidc drains, have -1Jecn ;nndc. :'he 
water collected in these riverside drains is returned 1-0 
the river at favorable points. This water is evidently 
derived in part from lateral percolation from the river 
channel and in part from water percolating directly 
from the irrigated land or discharged by the interior 
drains. 

In the present investigation water samples were 
ta.ken from a number of stations on these riverside 
drains. The number of such samples and the mean 
conductance values for the three main divisions of the 
valley are shown in table 5. It will be seen that these 
oonduetance values a.re somewhat higher for ea.eh divi
sion than the corresponding values reported for the 
river and irrigation-canal samples in table 4. The 
increased concentration for ea.ch division :ranges from 
26 to 39 percent. This is probably not a valid com· 
pa.rison, however, because there is wide variation in the 
salinity of the se.mples from the different drains. To 
some of them the water is very similar to that of the 
river, while in others the salinity is much {higher. I• 
the ~len division, for exa.mple1 the lower Belen Rive1 
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Quality of Water 

side drain is much more saline than the river. Salinity 
'latively high also in the San Antonio and Limitar 

ide drains in the lower division'. It seems prob
i..~ _ J that in these cases the water in the riverside drains 
is contaminated from the land side either by percolating 
subsoil water or by the discharge of interior dxains. 

Division 

Cocbltl Ul lslela.. •••• ----- ------ ········------ ---------·· 
blela to Sall Amela •• ·---------------------------------
S.O AIScia to Sall Marc!BL----------------------·-····· 

Meall con
dueta:ice 
(KXIOlat 

215° C.) 

l!2. 7 
71. l 

U0.7 

The conditions of salinity found in the waters of the 
interior drains a.re extremely variable. Some of these 
drains evidently a.re cut through permeable soil areas 
so tbe.t they eoHect large quantities of water of low 
salinity, while others serve areas where the subsoil 
water is more saline. In the report of a.nelytical de.ta, 
pages 112 to 145, conductance de.ta a.re reported from 
76 stations on 37 named interior drains, and detailed 
&De.lyses of samples from 40 of these stations are re
ported on pages 230 to 245. Some of these named dxa.ins 
a,... branches of others and there are in some cases 

\l successive stations on the same drain. 
. e more important of the interior drains are listed 

in table 6. This table shows also the approximate 
length of each drain, including branch drains, above 
the lowest sampling station, the approximate dis
cha...-ze. the mean conductance. md tJie character of the . ~ - - ' ' , 
aissoiveci .;aits as axpresseci by the percentage 01 sociium 
and of chloride. 

An examination of the date. of table 6 shows that the 
water of these interior drains varies greatly in salinity. 
This variation is less pronounced among the dxains of 
the upper division than among those of the middle and 
lower divisions. In the lower division the mean con
ductance of the water in one drain is 58.9, while that 
of another is 303. There are similar difl'erences among 
the drains in respect to the sodium and chloride 
percentages of the water. 

In order to show the comparative salinity found in 
the irrigation water, in the Riverside drains, and in the 
interior dmins1 their mean conductance data are 
assembled in table 7. It should be noted that while 
for the irrigation water the means a.re based on data 
from samples taken at the three diversion points and 
in canals heading at these points, the data for the 
Riverside drains include aJl samples ta.ken from these 
r · ''S. 1n both cases the means have not been 

ted by the discharge. The means for the interior 
a.. ......iJ.S include only samples from one station on each 
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Approrl, Mean Mea.D percenl 

Statlou mate Apprcm· conduct· 
Name Index IIIDltb mated!> lllllle 

DO. above charge (KXlOI ChJo. :· C, f, 8, atu• C.) Sodium ride 

----------
Upper divls!on: 

&1:11.a Doi:nio&o. ______ il+-lH 3.0 7.0 80.f 27.5 4.7 

~---_:::::::::: 14-lll-3 4.6 2.0 JOI!. 7 66 :N 
K-12-3 l. l 2.0 81.0 81 11 

rJ!:'!:.-.::::::::::: 13-10-2 13.0 au 93.3 Ill! 12 
7-H 2.7 a.o 79. 7 25 16 
1- &-2 4.0 10.0 m.a 43 23 

IIIAia.. _____ ----••••••• 23- 8-2 24.0 61.0 so. 7 ae 11 
Mlddl$ division: 

~Lentes •.••••••••• 
14- 7-2 :a.o 4.0 99.2 if 15 
'rt- 7-2 2.2 4.0 UG. 4 •o 12 BID Fwmmde,: _______ 3-6-:1 1.2 2.0 155.8 25 14 

Tome •. ---··········· 4- .'5-2 :20.3 32.0 163.0 46 lll 
Las Chavei •••••• ···-- ti- .'5-2 13.0 16.0 202 00 18 

~~iriu:::::::::: 25- i-l 11.& 20.0 195 &2 23 
315- 3-1 a.o 12.0 116. 7 48 15 

JA,,~~ii"=-·········· 10- 2-1 u 12.0 20'-3 63 :18 

Sa.n Acacia.·-······-· II- l-1 4.0 5.0 303 &II 31 
Cbamlsa.L •.•••••.•••• U- 1-1 1.5 3.0 ll6.3 211 '3 Poi'l'llder11 ••.. ___ ••• __ 1- 2-1 3.0 2.0 1113.0 45 42 ~= f :::::::::::::: 20- 3--1 6.6 15.0 711.6 33 13 

31- S-l u 3.0 68.9 32 16 
32- 4-1 5.4 10.0 254 7l 49 

Elmendorf __ •••••••••• ::IO- 6-1 2.0 5. 0 114 47 20 

drain; the one nearest the outlet, and these means have 
been weighted by the discharge. The data of table 7 
show that while with the inige.tion water and the 
Riverside drains there is a progressive increase in 
salinity in the downstream direction, this is not true 
with the interior drains. Reference to the data of 
table 6 shows that in the lower (Socorro) division the 
water of two dxains is of remarkably low conductance . 
In fact, in these drains, Lopez C and Lopez B, the 
mean conductances are lower than the mean conduct
a.nce of the irrigation water for that division. The 
explanation for this phenomenon is not apparent from 
the data I), t -:1a.nci. -

T.tBLE 7.-0om:pa.rucm. of the mean conductance of the irrigation 
waur with tkat of th8 Ri11eraide drain, a.nd the interior drain, in 
the Middle Rio 'GTande Valley, N. Ma., 1996 

Dlvimon 

Cool.It! ud Albuquerqoe __ ..• ·--------------
'Belml ••• ·---- -•• - ----·. -···· ••• ··--····-···. -
8-ro-.•.••..••...•• ··-··· ••.••••••. --- --- --

Ground Waters 

lmpt!on 

iU 52. 7 
153. 2 71. l 
S1l. 0 · uo. 7 

88.5 
1153. 0 
15.5. 0 

The e.rea. involved in the present investigation lies 
in the flood plain adjacent to the Rio Grande, and ex
tends from the Angostura diversion dam at the north 
.I.me of township 13 north, to a point just above &n 
Ma.rcial gaging station in towmbip 6 south, a di.stance 
of a.pproxima.tely 120 miles. The flood plain, which 
includes all of the irrigated land, ranges up to 5 miles 
in width, but is constricted to a mile or less at several 
places. i:J;wo of these constrictions, the one at Isleta 
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and the one at San Acacia, separate the valley into 
three natural subdivisions. Each of these divisions is 
known by the name of its principal town. They a.re 
in succession from north to south, Albuquerquet Belen, 
and Socorro. 

In order to obtain information as to the elevation of 
the surface of the saturated zone of the subsoil in the 
flood plain a large number of observation wells have 
been established. For the most part these wells are in 
lines that cross the valley in an ea.st-west direction. 
They are approximately a mile apart. The investiga
tion of the conditions of salinity in the subsoil waters 
is based upon samples taken from certain of these wells. 
In general all of the wells in a selected line were sampled 
three times during the latter part of the summer of 1936. 
The conductance data for these samples are reported 
on pages 146 to 167 of the analytical data. Samples 
Crom one or more wells in each linet thought to be repre
sentative, were taken for detailed analyses. These 
results are reported on pages 246 to 255 of the analytical 
data. 

The tables of conductance data include also the 
elev.at.ion of the water surface in each well at the date 
of sampling. These elevation data, when compared 
with the best obtainable data as to the elevation of the 
water surface in the river1 in line with the wells, show 
th.at in general the subsoil water is lower than the water 
in the river. It is not apparent that there is any con
sistent relationship between the elevation of the water 
surface in the wells and the salinity of the water. It is 
to be inf erred that the wells of low salinity are sur
rounded by permeable subsoil through ,,..,bich water 
moves freely in tlie direction of the valley grndioot. 
ConYerselv, it is orob11hle thnt t.he wells of 11i!:di salinitv 
.ire :·1)ca1-e·d :n l;eO:S where ·die 3uosoii ·wate;· docs no·t 
move freely and where the topographic conditions have 
Jong favored the evaporation of water from the soil with 
the consequent deposition or thP. residual dissolved so.Its. 

In addition to these samples of the subsoil water, n 
number of samples were obtained from· representative 
wells that penetrate to the deeper underground water 
such u is used locally for domestic and industrial pur
poses. These samples were analyzed in detail with 
results reported on pages 256 to 261 of the analytical 
data.. 

In discussing the data. obtained from these analyses 
of the ground waters they will be grouped a.ecording to 
the divisions of the valley. It was to be expected, and 
it was found to be a. fact, that the salinity of the water 
obtained from these observation wells varied between 
wide · limits. With a few exceptions the euceeesive 
am.plea from any one well were similar but adjacent 
wells were often very different. The ranges in mean 
conductance found in the observation wells o! the three 
divisi<>ns a.re as follows: 

Rio Grand~ Joint Jn~stigation 

Albuquerque. - _ ••... ___ .•• ___ •••••• _ .• _ _ From 40 to l , 790 
Belen ••••••••••• __ - _ ... _ • _ .•• -• • • • • • . • . . From 60 to 5, 450 
Socorro. --- •••••• -- -- . --- -- .. ----- ••• _ .• From 36 to 7, 290 

It will be noted that in m;pect to the maximum salinity 
found, the lowest value was in the upper division and 
the highest value was in the lower dhision. This was 
not true in respect to the lowest salinity. The lowest 
mean value was found in the Socorro division, along 
with the highest. 

A summary of the conditions found in each of the 
three divisions of the Middle Valley in respect to the 
salinity of the ground waters is presented in table 8. 
The fust entries in this table relate to wells sampled 
for conductance only. The mean conductances reported 
for each division of the Ynlley show that in general 
there is an increase in salinity from the upper to the 
lower end of the YalJey _ The second group of entries 
in the table relate to the samples selected for detailed 
analysis from among the larger number of wells sampled 
for conductance only. It is evident that fairly repre
sentative wells were selected because the mean con
ductance values for these wells, about one-fourth of the 
total number sampled, are very close to the mean Yalues 
for the larger number. The data as to ·the percent 
sodium and percent chloride show trends in the same 
direction as the conductance values. 

From the data reported for the deep wells it is evident 
first, that in general the deeper waters are somewhat 
less saline than the shallow or subsoil waters; yet the 
mean Yalues for conductance are somewhat higher for 
the deep wells of ea.ch division than those reported for 
the inflowing surface waters (table 4). The values for 
the percentages of sodium and of chloride, whifo only 
slightly• different from those for ~he slwllow ·.n_H:-;, :ire 
appreciably higimr dmn those rcponr1i" for tlic inilowing 
surface water. 

TABLE 8.-The ground u•atcrs of the l\JiJrUc llio Grande Yalley, 
N. Me::r.., summarized by divisions 

Babloll 'n,l.fln (coudoe1&1ce only): 
N1m1ber of ttat!Ol:la.. ••••••••• --·· ·····------·-·· •••• 
Mean coodootaoee {KX!O• at z;• C.).·--···--··--

Detalled lilllll)"llell: 

Number of ttatlDDll. ·---------············-M:111111 aonduct&Dce (KXlOi at 25• C.) _____ _ 
P9r1l8lll 1Ddil:lm •••••••••••••••••••••••••• _. 
Plme!il dlloridt.---·--·--------···-----n..t:J=.r ":r~~~: .... ________________ _ 

Ccmd.Udamce (KXlO' at 25" C.) •••••••••• -. Pa-olmt IIOdillll) •••• __________________ _ 

l"woeut e:lllor:lde ·-------------------

Albu· 
QUUQUt 

138 
151! 

35 
H6 
,2 
13 

11 
73.S 

82 
u 

~len 60C(;l'f0 

iO 
1137 

20 
31V 

68 
2' 

12 
160 
AS 
20 

Another compe.ri.son that may be made is that be
tween the salinity of the water from the shallow wells 
and that found in the interior drains. It is to be iD
ferred that both the wells and the drains are supplied 
from the sa.me zone of subsoil water. The fact is that 
the mean conductance values !or the wells u shown in 
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table 8 are nearly twice ns high ns the corresponding 
menn ,alues for the drains as shown in table 7. 

This difference is probably due largely to the con
ms of subsoil and topography where some of the 

..1s of high salinity a.re located. These conditions 
may be such as to favor the evaporation of water and 
at the same time to retard .or even to inhibit the lateral 
moYement of the concentrated residual water. The 
subsoil water that reaches the drains is more likely to 
do so by moYing through the more permeable subsoil, 
while the water that saturates the less permeable sub
soil may be dissipated chiefly by e,aporation and thus 
become more concentrated with residual dissolved salts. 
It is to be expected, therefore1 that the subsoil water 
thnt finds its wny to the drains represents the water 
contained in the more permeable subsoil, while the wells 
being locnted nt random in respect to subsoil conditions, 
probably give a better representation of salinity con
ditions in the whole mass of subsoil water. 

445 

There is one characteristic of the subsoil waters of 
the Middle Rio Grande Valley that calls for comment. 
That is the fluoride content. Samples of this water 
from 92 stations were analyzed for th.is constituent . 
It was reported absent for only 6 o! these stations. For 
39 stations its concentration was less than l p. p. m. 1 

while in 40 stations it ranged from 1 to 4 p. p. m. 1 and 
for 7 stations it was 4 p. p. m. or more. It should be 
understood, of course, that these subsoil waters are 
probably not much used for drinking purposes. Some 
of the samples in which the higher fluoride concentra
tions were found were too saline to be acceptable for 
domestic use. However, there appears to be little 
correlation between the fluoride content and total 
salinity in this group of samples. The analyses of the 
samples from the deeper wells included the determina
tion of fluoride for only a few stations and for these the 
concentrations were mostly low. 
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PART IV 
SECTION 5.-THE ELEPHANT BUTTE PROJECT 

Surface Waters 

The ar~a here designated as the Elephant Butte 
project includes that se.ction of the Rio Grande Drain
age Basin lying between the San Marcin.I gaging station 
on the north and the Fort Quitman gaging station on the 
south. Within this area the irrigated lands of the Ele
phant Butte project lie on the flood plains adjacent to 
the stream and nre almost continuous from Percha 
Dam, located at the north line of towns.hip 17 south, in 
New Mexico, to the intersection of the river with the 
eastern boundary of El Pa.so County, Tex. On the 
south side of the river below El Paso there is o.n area of 
irrigated land in Mexico that is not included in the 
Elephant Butte project. There is also an area of irri-

. gated land in Hudspeth County, Tex., east of El Pa.so 
County and above the Fort Quitman gaging station 
that is not included in the Elephant Butte project or 
in the present investigation. 

The Rio Grande enters the Elephant Butte area at 
the northeast corner of sec. 25, T. 7 S., R. 2 W., N. 
Mex. P. M., where the zero of the gage at the Se.n 
Marcie.I station is 4,455.38 feet a.hove sea. level and the 
water surface of the stream is 6 to 8 feet higher. It 
leaves the area at the Fort Quitman, Tex., gaging sta
tion, where the zero of the gage is 3,454.06 feet above 
sea level and tlrn water is usuallv 2 feet or less above 
that ~le,·atton. ~he Fort Quitru'nn statiop is approxi. 
mateiy 180 m"tics south anti ii:4 miles east of Lhc ,jnn • 
Marcial station, a distance by river of approximately 
240 miles. 

There are scverul small ephemeral streams that enter 
the Rio Grande from the west between San Marcial and 
Las Cruces, N. Mex. None of importance enters from 
the east or from either side south of Las Cruces. Local 
torrential rains falling in this narrow section of the 
basin cause temporary floods and add something to the 
water supply. But the major portion of the water 
used in the Elephant Butte area enters by way of the 
ma.in stream at San Mlll'Cial. 

Elephant Butte Dam, located about 38 miles below 
Sm Marcial, creates a reservoir that when full backs 
the water up nearly to the gaging station. Water is 
released from this reservoir during the irrigation season 
to supply the irrigated land of the Elephant Butte 
project a.nd certain lands in Mexico, below El Puo. 

The irrigated lands of the Elephant Butte project 
foll into three divisions, separated by natural constric
tions of the valley. The fust or uppermost of these is 
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the Rincon division. This is irrigated by water di
verted from the river at Percha Darn1 located near the 
north line of tm.,"Dship 17 south1 about 20 miles below 
Elephant Butte Dam. The division extends to the 
south line of township 19 south. The flood plain 
throughout this division is narrow, seldom more thu.n a 
mile wide. 

The ne.,:t division, the l\fesilla Valley, begins at 
Leasburg De.m1 located in sec. 10, T. 21 S., R. l W., 
and extends southward across the State line into Texas 
ending at another constriction of the valley just abov~ 
the El Paso (Courchesne) gaging station in sec. O, T. 27 
S., R. 4 E., a distance of nearly 60 miles. The flood 
plain of the Valley in this division ranges up to 4 miles 
in width. Its irrigation water is diverted not only from 
Leasburg Dam but also from Mesilla Dam, located in 
sec. 131 T. 24 S., R. 1 E. 

The lower or El Pa.so Valley division occupies the 
flood plain on the north side of the river from the city 
of El Paso to a point about a mile west of the line be
tween El Pa.so and Hudspeth Counties where higher 
land approaches clc;ise to the river channel, here th 
:international boundary. This division is about 3, 
miles long and ranges up to 4 miles in width. Its 
irrigation water is diverted from the river ot three 
points: (1) at International Dnm just west, of El Pa.Po 
city limits; (2) at Riverside bending, 2 miles !oOuth of 
the ;own· vi ~sieta; anci 13)" ai''"l'orniilo ,:arnu ·_icrHiing 
about a mile south of the town of Fabcm. · 

In the Elephant Butte project there is not a definite 
system of riverside drains such ns arc found in the 
Middle Valley. There is, however, an extensive system 
of open drains in each of the divisions of the project. 
The water collected by these drains in each division is 
returned to the river above the point of diversion for 
the next division farther down stream. 

In connection with the present investigation, the 
waters of the Rio Grande have been sampled at 8 suc
cessive stations below San Marcial, beginning at the 
outlet of Elephant Butte Dam and ending at Fort 
Quitman gaging station. The waters collected by the 
drains of the project have been sampled at 29 stations. 
The conductance data in respect to these samples are 
reported on pages 168 to 17 5 of the analytical data. 
Cetta.in detailed a.na.lyses of samples from some of these 
stations a.re reported on pages 262 to 265. 

The subject of the quality of the irrigation and drain
age water of this project had been under investigatio: 
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for several years before the present investigation was 
begun. The results of these earlier investigations have 

u incorpora.ted in the present report a.nd will be 
.sidered in the diseussion of it. 
At the moment only scant reference will be made to 

the data based on samples collected from the successive 
stations along the ma.in stream. These data will be 
discussed in a later chapter of the report. It may be 
noted here that the conductance results on page 169 
of the analytical da.ta. show that during the late sum• 
mer of 1936, the selinity of the water increased at each 
successive diversion point from a mean of 87 .9 at 
Percha Dam to a mean of 398 at Fort Quitman. These 
values should not be ta.ken as the best expression of 
conditions at these stations but they do illustrate the 
fact that the salinity of the river water increases as it 
passes through the project. The trend of the volume 
of discharge is shown by this same table to be in the 
opposite direction. The mean discharge at Percha 
Dam for the sampling dates was 1,739 cubic feet per 
second while the means for the sampling dates at Fort 
Quitman was only 88 cubic feet per second. These 
vdues also should not be taken as the beet available. 
A more complete summary of the discharge and salinity 
conditions along this section of the stream will be given 
in a later chapter. 

In respect to the drains of the project, data. as to 
'ume of discharge and salinity are a.vailable for rela-
Jy Jong periods. As early as 1918 the Bureau of 

.neclamation began to take water ss.mplcs from some of 
them and t.o determine the total dissolved so1ids by 
evaporat.ing a filtered aliquot and weighing the dry 
rec;iduc. This program of sampling was C'ont.inuc>d 
t,hroug11 .'.0311. The :;ites oi dischamo ·a.nd .!.ot,az ,iis
sofred solids for the drain as re.ported by the Bureau 
of Roolo.mation arc given on pages 270 to 285 of the 
analytical data. 

In order to supplement this inquiry with infonnation 
as to the composition of the dissolved salts, additional 
samples have been taken for detailed analyses. During 
-the period from January 1929 to July 1930, five sets of 
samples were ta.ken in this inquiry. Again from April 
1933 to Ja.nuary 19341 four sets of samples were taken. 
Finally, a single set of samples was taken in August 
1936. The results of the detailed analyses of these 10 
consecutive samples are shown on pages 286 to 295 of 
the analytical data. 

In addition to the samples taken in 1936 for detailed 
analysis, consecutive samples were taken from each 
drain during the late summer of 1936 for conductance 
determination. The reeu.lts are given on pages 168 to 
17 5 of the analytical data. The means for the d.is
rlu1rge, the total dissolved solids and the conductance 

lined by these three different investiptions show 
Jy good agreement in respect to each drain where 
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comparisons a.re possible. This appears to indicate 
that in volume and in concentration the discharge of a 
drain has been fairly constant, at least during recent 
years. This makes it possible to show in tabular form 
some of the characteristics of ea.ch of the drains in the 
project. The de.ta presented in the following tables 
are l:rom the findings on the samples taken for detailed 
analysis from 1929 to 1936. It should be understood 
that these data are not to be ta.ken as the truest and 
most accurate that could be derived from all the in:for
ma.tion available. They do, however, ,show approxi
mately what the conditions of discharge .and salinity 
have been. 

In the Rincon division there a.re four drains as shown 
in table 9. Each of these drains discharges into the 
river. Their combined length is 41.7 miles. Their 
mean discharge is 1.I cf s. per mile of drain with a com
bined annual discharge of 36,400 acre-feet of water. In 
mean salinity they range from I .05 to 1.35 tons pe:r e.cre
foot, and they discharge annually about 48,000 tons of 
dissolved salts. Because of the relatively large vo]ume 
of water carried by the river through this division of the 
project the effect of this return flow is not a.ppreeiable. 
In fact the salinity of the drainage water is very little 
higher than that of the river itself. 

For the Mesilla Valley division of the project there are 
12 drains listed in table 10. Not all of these discharge 
directly into · the river. The Leasburg and MEiSilla 
drains discharge into the Del Rio drain and the Nemexas 
and West drains discharge into Montoya. The net 
totals shown in the table refer to the system that returns 
water to tho river. The combilied length of the drains 
of this division is 210 miles, or slightly more beca.usr 
30ffie vi ~he stations J.TC aoo,·p :,lie •)utiets. Tbe~volumo 
of discharge per mile of drain rMgcs from 0. 7 to 1, 7 ds. 
with a mea.n of 1.15 or slightly more tha.n the mean for 
the Rincon division. The combined annual discharge 
for the drains of the division is 205,000 acre-feet of 
water carrying 3831000 tons of dissolved solids. 

TABLE 9.-Draina of the Rincon dfoinon, Elephant Bmu project., 
New Muico; length of drain; discharge of wa.ter and of dusolved 
eolid.a 

TODII 
per -· foot 

--------1·--r--1--11-----

~~~~~~~~~~~~~~~~~~~~~~~ li ~! !ii ti :Hi ~ffl 
To1&1 dlvlalon ............................ 36,400 •••••••• 411,100 •••••••• 

By way of comparison it may be noted that the mean 
annual discharge a.t Leasburg Dam, at the head of the 
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TABLE 10.-Draim of the Muil.la Valley division, Ekpham 
Butu pro}ecf,, New Mexico and Tua&; length of drain; di.acharge 
of wo.fa and of di,solved 1olid.a 

Name 

Dlmolvlllda.lts 
~1--,.--1-----.,--

Cublc 
ieet per Acn,. 
lllmnd feet per 

per Jeat 
mile 

Tons 
IM!T -foot 

--------,-------__ ,_ __ 
Seldm.......................... 4.G Ll 8,000 l.Cll 5,100 l,100 
lA!ubllf'll....................... 12.3 .9 8,300 1.01 11,400 '100 
Plcacbo......................... 7.2 1.2 c,200 1.15 1,100 1,000 
:r.fes!lla......................... 17.1 . 7 8,300 l.30 10,800 eoo 
Del Rio........................ 73. l I. 5 77, 700 l.32 102,000 l, 400 
Chamb4rino ................. .,. &.3 l.O 3.700 2.13 7,UOO 1,5()() 
La. Mesa........................ 21. 8 l. 7 27,400 I. 13 31,000 l, 400 
East............................ 22.9 1.0 15,900 4.06 64,GOO 2,800 
ADtbOll}'... •. .• • ••. .. .. .. . . . . . . 7. 7 l. 0 5,300 :Z. 34 12,400 l, «500 
Nemexas... ...... .. .• . . . . . . . . . . :JO. 2 l. 2 17,200 2. &O 43,000 2, 100 
West........................... 39. 0 l. 3 37, MO l. Gl 00, 400 1,500 
Montoyn............... ........ 67. 6 I. 2 05, 300 2. 46 162,100 2,200 

Net tot..l.. ............... -;;;-:-::::: 20.S,OOO ..••.••• 383,000 .••••••• 

Mesilla Valley division, is approximately 745,000 acre
feet of water carrying approximately 650,000 tons of 
dissolved solids, while the corresponding values at El 
Paso (Courchesne) in the lower end of the division are 
523,000 acre-feet and 638,000 tons. Between the upper 
and the lower gaging station there is an annual loss 
of 220,000 acre-feet of water and possibly 10,000 tons 
of dissolved salts. If the actual diversion of water to 
the irrigated lands of the division were restricted to the 
quantity currently consumed, namely 220,000 acre-feet, 
this water would carry to the land e..nnua.lly 190,000 
tons of dissolved salts none of which would be :returned 
to the river. It seems inescapable that the am:rnaJ 
addition of 190,000 tons of dissolved salts to tho irri
gated soils of the division would, in time, impair their 
:ir"duc·i~rv. There-.:na:v·)e'a. ::mesiion lS A> whether 
it is necess~ry to divert ·200,000· acre-feet of water in 
addition to the 220,000 acre-feet consumed in order to 
carry away the :residual salt and maintain a salt balance 
within the division. But it seems obvious tha.t there 
must be diverted enough water in excess of the quantity 
consumed to carry away the residual sa.Jt. 

Conditions in the El Paso Valley division a.re less 
simple than in the Mesilla. Valley division. The latter 
includes all the irrigated land contiguous to and served 
by the imgation and drainage systems. In the El 
Pa.so Valley division on the other hand a substantial 
quantity of water, possibly 100,000 acre-feet &DD.ua.lly, 
is diverted across the international bounda.ry and there 
are no data u to the quantity Ol' salinity of the drain
age return from that water. Then, too, the water to 
irrigate San Elizario Island (the island district) is 
diverted above Fabens. Fina.Uy, there is an area of 
irrigated 111.nd in Hudspeth County between the Ele,. 
phant Butte project and Fort Quitman gaging station, 
to which water is diverted below Fabeu.s but for which 
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no data are available o.s to drainage retum. Con
sequently the best that can be done in respect to the 
El Puo Valley division is report the findings e.s to th, 
dn.ins located in that division and compare thesl 
findings with the known condition at the Colll"Chesne 
station above the division and at the Fort Quitman 
station below it, leaving out of account the conditions 
on the i.rriga.ted lands in Mexico and in Hudspeth 
County, Tex. 

There are six dra.ins that discharge into the river. 
The volume of discharge per mile of drain ranges from 
0.5 to 1.8 cubic feet per second. The combined length 
of the drains a.s shown in table 11 is 193.4 miles and the 
combined annue.1 discharge is 133,000 acre-feet, carry
ing 494,000 tons of dissolved salts. The mean e.nnuaJ 
discharge at Courchesne, e.t the head of the Valley, is 
approximately 523,000 acre-feet carrying 638,000 tons 
of salt, while at Fort Quitman the mean e..nnual dis
charge is approxim.e.tely 172,000 acre-feet, carrying 
473,000 tons of salt. It appu.rs from this comparison 
that while the annual discharge of the drains from tllis 
division is some 50,000 acre-feet less than that of the 
river e.t Fort Quitman, their annual salt burden is some 
21,000 tons larger. 

Name 

Abo'li'e Fabens: 
Pla>'8-•••••••••••• _ ••••.•••• 
FBDll:Ho •••••••••.•.••.•••• 
MJdclle .••••••••.•.••••.•••. 
River ...................... . 
Quadrilla.. ·- ••••••••••••••• 
M:ei,a •••.•••. --- .•..• ------· 
Fa.ben.s llll.eroept1011 •••••••• 

Net to~ ••••••••••••••••• 

Torn.II.lo and WaJid d!RrlctB: 
FlllbeD.11 ••••••••••••••••••••• 
l&land •••• ····--------·--··Border •••.•••••••••.••••••• 
Al&mo .•••••••••••••••..••• 
Tomillo •.•••••••••••••••••• 

Net t.ot.al ••••••••••••••••• 

Dl'ria!Oll wt.l •••••..•.... 

Lenrtb 
(miles) 

--· 

23.G 
IIG.8 
~3 
23,4 
&G 

21).1 
l,g 

10. 7 
13, 7 
11.3 

~-8 
75. l 

D~ 

Water Dli9olved salts 

Oab!o 
ieet per .Acn,- TOD:11 Tons I Year· 
-d feet per per 

per ~n: acre-per year ~oot year :nile 
:nile 

--------- --
l. 3 2. ll 48, JOO 2,0.5 
1.2 2.GS 18,200 2,390 
1.2 & JO H3, 800 2.eoo 
.8 &83 69,000 2, 6lro 
.II Lll2 S, JOO 944 .a 3.21 U.000 l, 170 

1.1 8,000 2.50 21,200 
u 12,500 6.21 77, BOO 
• 7 (,700 8.23 38,MO 
.e 9,400 1.60 33,800 

lO a2, IIOO 4.59 1M.2, 800 
= 

It should be emphasized that these values for dis
cha.rge and salt burden should be taken as cmly approxi
mations of the truth. They are presented here nth.er to 
indicate the trend of relationships than to give definite 
estimates. Furthermore the comparieons betwean the 
total d.n.iru,.ge disebmge and the discharge of the river at 
Fort Quit.ma.n ue not valid because some of the drains 
join the river above Fabe:ns, so that some of the water 
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and of the salt that they discharge is diverted, just 
below Fabens, into the Tomillo canal, and these totals 

·1s include some water and salt that is counted twice. 
.t now rero1his to consider the characteristics of the 

uissolved salts removed from the irrigated land of the 
Elephant Butte project in comparison with those of the 
water of the Rio Gn.nde as it is diverted to the land for 
inigation and as it is influenced by the return of the 
dram.age water. In order to facilitate comparisons 
between the conditions in the several drains and in the 
river above and below the drains it is advantageous to 
show, in addition to the concen.tration of the dissolved 
solids, the proportions of each of the major salt con
stituents. There are six of these constituents-three 
cations, calcium, magnesium, and sodium, and three 
anions, bicarbonate, sulphate, o.nd chloride. In comput
ing the percentage composition of the salt constituents 
the sum of the cations, as milligram equiva.len ts, is 
divided into the value for ea.ch cation (multiplied by 
100) and the sum of the anions is similarly divided into 
each anion value. These percentage values are then 
directly comparable with each other regardless of the 
concentration of the solution. 

The conditions reported for e.1ch of the drains listed 
in the following three tables a.re based on the findings 
reported in the tables of detailed analyses for these 
drains on pages 286 to 295 of the analytical data.. The 

".an values reported have not been weighted for 
3l'ent discharge values. The mean annual discharges 

~· water and of dissolved solids for each drain have 
similarly been computed from the arithmetical, not 
the weighted mean values. The percentage composition 
values reported for the gaging stations on the Rio 
Grande 1bove µ1d '.:>eloi;v: ~ach :ii"r.sion ll'e :iased on 
weighted means. · 

The conditions found in the drains of the Rincon 
division are reported in table 12. It will be noted 
that the values representing concentrations, i. e., con
ductance and total dissolved solids a.re higher in ea.ch 
drain than in the river water either above or below 
the division. In respect to the several salt constit
uents the calcium is higher in three of the drains 
than in the river water; the magnesium is lower in 
all of the drains. The values for eodiu.m reported 
for the drains n.nge above and below those of the 
river. The same is true for bicarbonate. The sul
phate values for the drains are consistently lower 
while the chloride values are consistently higher than 
in the river. 

The comparable data for the river at Elephant Butte 
outlet above the Rincon division a.nd for Le&Sburg 
Dam below it, show t.b.at while the volume of the drain

. BJ?e is relatively small and its salimty is not relatively 
, there is an appreciable increase in aalinity between 
two river stafiou. This increase may be due in 

449 

part to salts brought into the river by creeks or washes 
that enter it a.long this section. There is no other infor
mation as to the quantity or quality of such contributed 
waters. 

The Mesilla Valley division is much larger in area 
than the Rincon division and has mor.e drains. The 
conditions found in these drains are shown in table 13, 
together with comparable data for the river stations 
above a.nd below the division. 

It is evident from the data of table 13 that the aggre
gate discharge of the drains constitutes a large part of 
what passes the Courchesne station, namely 40 percent 
of the water and 60 percent of the dissolved solids. The 
mean concentration of the drainage water of the divi
sion is I.87 tons per acre-foot and the effect of this con
tribution on the river has been to increase its concentra
tion from 0.87 ton per acre-foot at Leasburg to 1.22 
tons per acre-foot at Courchesne. 

The data as to percentage composition show that 
there are pronounced differences among the drains not 
only in concentration but also in the composition of 
their dissolved solids. The range in concentration is 
from 1.01 tons per acre-foot for Leasburg drain up to 
4.06 tons per acre-foot for east drain. There are cer
tain trends of change in composition that occur with 
the increase in concentration, namely, as the concentra
tion goes up the percentages of sodium and of chloride 
also rise but the percentages of the other four constit
uents tend to decline. 

The dra.ms of the El Pa.so Va.Hey division fall into two 
groups, those that discharge into the river above Fa.hens 
and those that cO'Dtribute to the Tornillo drain and 
return to the river at the lower end of the project. The 
..1ata: :or ~a.en ,)i ;hese drains· :n .·espect ~o :iiscbarge, 
concentration, and percentage composition are given in 
table 14. In general the drain waters of the El Paso 
Valley division are more concentrated than those of the 
Mesilla Valley and Rincon divisions but they differ 
among themselves both in concentration and in com
position. The drains above Fabens range in concen
tration from 1.62 tons per acre-foot in Quadrilla drain 
to 3.83 tons per acre-foot in River drain. The mean 
concentration of the net total drainage discharge from 
this area is 3.15 tons per acre-foot. 

The drains of the Island and Tomillo districts all dis
charge through Tomillo drain. The contributing drains 
range in mean concentration from 2.50 tons per acre
fpot for Fabena drain up to 8.25 tons per acre-foot for 
Border drain with a mean concentration for the ~tire 
discharge of 4 .59 tons per a.cre-f oot. In percentage. com
position these drain waters are also somewhat va.ria.ble 
but they are all high in sodium and particularly in 
chloride and low in bicarbonate. 

In respect to the quantities of water and of dissolved 
solids discb.e,rged by the drains and those carried by the 
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Ca Mr Na B:C01 Cl 

Jl:lephlllt Butw Dam......................................... '1M, 130 8111,~ Ill 0. 81 tl 11 ff 82 51 l7 
avne111 •.••.••..••...............•.....•..................... i--=1.0.==eoo=1==1==._=ffll=i==-'"140=1==""""'1.""aa==1=-==•a ..... r--==u"""'"'~=..._=-f==M=l==t0==I===~= 
Bll&cll........................................................ 10, CIOO lt.100 131 1.33 411 111 38 31. i 44 24.5 ~-::::::::::::::::::::::::::::::::::::::::::::::::::: l~= 1~: 1: t~ ~ g ~ ::. 5 :A. s f: 1----1----r-----r~----·-----·--;.---t---·l---l·--Total_................................................. le. MIO 48,100 •••••••••••• 1.13 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
X.-bllJ'IPmi ••••••••••••••.•••.••••.••••••••••••••••••••••• 744,982 617,408 81 .117 41 14 fS 31 49 :20 

TABLE 13.-The drain, of the Mesilla l"al.k?J dimion, Elephant Bldu projed, New Mt:&ioo and Tcaa; charaderiatica of their discharge a., 
wmpared' with that of the ri11er above and below the dirision, 1930-38 

Water 
(lla'e--feetl 

Total 
dls!olnd 

solids 
(tons) 

Ca Na :e:co, so, Cl 

----------------11----1----1----1----11--- ---------------=•~ Dam::::::::::::::::::::::::::::::::::::::::::::::: 14:: ~ 
X-ba.11: ...... -- --·---------···--···-···--··················· 8. 300 

&~_::::::::::::::::::::::::::::::::::::::::: ::: ::: :::: :: t = 
Dei Ria...................................................... 77,700 
Oll&mberlAo.................................................. 1. l'OO 

&17,406 91 0.87 41 lf 45 81 411 20 
i.100 1811 u.a 33 12 52 :'iltl 15.5 38. 5 
8.400 108 1.01 44,5 13. 5 42 37 41 22 
7,100 120 l.lS ~ 13 41 33 42 2S 

10. 800 137 l. llO 40 13. II 45.5 84 43 23 
102. 000 133 1.21 42 12 4G 32 40 28 

7.~ 280 2. lJ 83 12 116 23 38 n 
La M111a..................................................... 37.400 11.000 12l 1.13 fl 1.2 47 34 fl) 1G 
BNt.-.... ••. ••••••.•••. •.••... .•.. ..••..••• .•••...•..••••••• 111. IIOO 114. 000 442 4.1,le 17 10 'f3 I~ 32 83 
J..n1.ba)llJ. ·----. _ •••• -- •••• ·····-- •••••••••••••• -· ••••• ··-·· _ _ 6. 300 
N~........ .•••••..•.••••••..••••.••••••.......••..•••.. 17,200 
Weai......................................................... S7, lfll0 

12. 400 28,f 2.34 25 13 82 23 32 45 
43,000 280 2. llO 211 10 &I 21 3b « 
00. 400 l7B I. GI 211 12 69 27 41 ~-

Mol:l.to:,a ••••••••••••••...••• -..•• ·······--·----··-- •• -······· 11.5, 300 162. 100 :1111 :Z.33 25 10 & 20 33 4 
l=====r-====1====1=-==l===t.===F==~I 

Net tmab ••••.•.••••.••••...••••••..••.••• ,.................. :lll.5. 000 
XI PaR {Coarcl>osne)........................................ 822. 758 

3113.000 
1137, 968 

river at the Courchesne and Fort Quitman stations, 
comparisons are not valid because of the facts that some 
Qf the ~ater passing Oom-chesne £s diverted to lands in 
,:Yfexico a.n<l r.har, ;,he imgateci lands along the river in 
Hudspeth County, Tex., may use some water from the 
river and may contribute some salt to it above Fort 
Quitman. However, it is to be noted that the volume 
of the drainage discharge from the two districts of the 
El Paso V aJley division equals 78 percent· of the dis
charge a.t Fort Quitman while the salt tonnage from 
the dre.ins is 5 percent greater than that carried by the 
river put Fort Quitman. 

The conditions in respect to the sur.f'ace waters of the 
Elephant Butte project may be summarized briefly. 
The river brings into the area annually from Elephant 
Butte Reservoir about 766,000 acre-feet of water car
rying about 620,000 tons of dissolved solids. It takes 
away from the a.rea,, put Fort Quitman, a.bout 172,000 
a.ere-feet of water ca.rrying about 473,000 tons of dis
solved solids. Between these two stations on the river 
the irriga.tfon ed drainage of the contiguous agricul
tural la.nds .result :not only in changing the concentration 
of the disaolved solids of the st:ree.m waters, but they 
change also and appreciably the composition of those 

--... --..... -...... L "7 ...... -................ .. -... -.... -..... ....... -......... ...................... .. ............ _ ....... _ ................. 
127 1.22 315 I2 a3 28 '3 31 

dissolved solids. The change of concentration is up
ward o.t ea.ch successive station along the stream and 
~his :.s accompanied 'Jy ::righer · :;oncenirations :n · ~he 
drain waters and in the subsoil waters as sampled from 
observation wells. The changes in composition are in 
the direction of higher percentages of sodium and of 
chloride with lower percentages of the other four major 
coDBtituents. 

Grom,,d. Water 
While the salinity conditions of the ground waters of 

this area as represented by the water collected by the 
open drains has been under investigation. for several 
ye&J:"B, there appear to be no data from observation wells 
prior to 1936. Beginning in. August of that year 77 
wells were established and the water sur.f'ace elevations 
were recorded and sampies were taken for conductance 
determinations until the end of November. Of these 
77 wells, 4 were located. in the Rincon division, 18 in the 
Me.silla Va.lley division, and 55 in the El Paso Valley 
division. 

From some of these wells as many as nine suooessive 
samples were ta.ken fo:r oonductanee measurements bu' 
from many others only $hree ~plse were taker.. 
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Conduct- Total dis· 
anee aolved xx lOt IIOllldl (t.ou 

lt25"C, Plll'~) 

01 Ca Na HCO, 

El PIISO (Courches.11e)........................................ m, 758 
Above .Fabens: 

~lin::: :::::::::::::::::::::::::::::::::::::::::::::: ti :l 
Middle................................................... -. 400 
!Uver..................................................... 111,400 

&1::'ma·::::::::::::::::::: :::::.··: :::: ::::: ::: : :::::::: it :J:l 

113'1,GGB 1.27 L22 38 12 m :'16 43 31 

fa,800 .. 2.11 Sl 13 86 20 a 81 
18,llOO 300 2.1111 a 13 158 17 :IS 55 

143.IIOO ~ a.10 ao 10 ao lt fi 67 
811,000 ,1; 11.88 32 10 158 13 27 GO 
.11, 100 180 U2 :as 11 61 23 42 M 

14,000 au 11.11 27 10 113 111 86 48 
l'llbeDI, IDterceptlJJi .•••.•••••••••••••••••••••••••••••••. 1==2,==l!OO""'l=:=-=~=.,,.......,l=---=i===sl===,;,;,.1, e..eoo - 2.k IN 13 &l 17 3' 4g 

= -== ==--= 
Net tGtal ••••••••••••••••••••••••••••• -••••••••• •••••• •• !===711,"'"""'soo-1,, ....... ====J;~--l'==..,,.;,.l, JIil]. 8llO ........................... - 3.lS ....................... ........ _ .............. 

= ====== ====-= = -= 
I.alaod and Tontillo: 

Jl'abeDJ................................................... 8. 800 lll,3XI M 2.60 86 12 !ll IG 30 M 
Iawld.................................................... 12,600 77, l!80 7:1> 1!.2.l 31 8 61 7 17 711 
Border................................................... 4. 700 118,IOO IH!I I.~ li7 7 Ga !I 19 7e 
Alamo ••••••••••••••••••••••••••••••••••••• ••••••••••••.•• 11,400 la. 000 409 3. l!O 30 11 611 12 80 68 
'T'rlmll)o ••••••••••••••••••••••••••••••••••• ··········- ····1==62,===GOO..,.l=......,:IC2.==800=f•==-=-i=l7==1====4.•1!9~1~ ~ ~ 11 ~ ~ 

Net wtal....... .... ..• .•••• ..• •••... .• •.... ••.. •••...• .. 511. 900 :N2. 8CJO •••••••••••• 4. IP •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
"""""""'= = Dlvlsloll wtal.......................................... 132,800 ffl,IIOO •••••••••••• & 72 

J'Cll'I Quitman................................................ 172, ffl 4.73, 1211 296 2. 7S •••••••••••••••• ii' ·······03· ....... i.i. -····•·29· ·····---69 

With very few exceptions, the conductance value,, of 
these successive samples are in close agreement so that 
the mean values for each. well are belieYed to be good. 
During the same period of time that the wells were 
under observation, samples were taken from the drains 
tbt serve the same areas. In genernl the conductance 
-ctl.ues of these successive samples of drain water are 

in good agreement, so that it seems warranted to 
.i.sider together the mean salinity of the d.re.ins a.nd 

t.he mean salinity of the water from wells as representing 
t.he ground waters of each area. 

In the uppermost or Rincon division of the project 
there <ire four drains and four wells. Two of these 
~eiis .il'8 ;ontiguous ·:.o me· uppermost or Garneld 
drain. The ground waters of this division appear to be 
of low salinity. The mean conductance va.lues for th~ 
drains range from 130 to 152, with a mean for the four of 
145. The corresponding values for the wells range from 
190 to 218, with a mean of 200. The mean conduct
ance of the irrigation water used in this division was 
about 90. 

Of the 18 wells in the Mesilla. Valley division, 2 at 
the lower end of the division are so situated as not to be 
comparable with the contiguous drain. The mean.con 
duct.a.nee values of the rernafofog 16 may be so com
pared and this is done in table 15. It will be noted that 
in the seven compa.ri.eons the mean values for the wells 
a.re higher than in the contiguous dnimi in five cases 
and lower in two. The unweighted means a.re 206 for 
the drains and 237 for the wells. The evidence from · 
these observation wells, con.fumed by that of the drains, 
is that in the Mesilla. Valley division the subsoil wat.er 
· ,ot very saline except in two areas, one a.long the ea.st 

side of the valley above .Anthony and the other a.long 
the middle of the valley, west of the river, below 
Anthony. Of the two wells not listed in the table, one 
is located jwit north of Montoya drain syphon, and the 
other just north of the gaging station of Montoya drain. · 
The first has a mean conductance of 342 and the other 
is very saline with a mean conductance of 2,574. 

T.A.:in.i;: 15.-Moan co,iduc::tarn:e oaluu of the ~ of the Muilla 
Valk:11 diiimon and of contiguow dr1.mu 

Mean Number Range of 
Dn.11:1 1:11 OOlldUcl• of CDDtl!!U• CODdUCt• 

( ) - l!Ulwelh 111,Dllll! 

. -·• · • :>ai ?.10 ••• -------·------·· n _ . _,a w ,53-200 

l"icacilo................... 7.2 130 1 1·····-····· La Mesa ......... ----····· 21.8 W l •••••••••••• 
CtiambW1Do .......... _.... 11.3 2::11 I •••••••••••• 
Bast ••••••••••.•••••••• -.. 2:U 1174 7 IU-+te 
W11111t Dram............... 89 184 2 J.25.-:W 
Nemexu. •• - .•••• -........ :Ill. 2 :1117 2 4,00-ffi 

M1&1:1 ... ·····-···-··l---··---·····1---lllOO ••••....... 

Meac 
coz:idnc!· 

arlllll 

.80 
~ 
1411 
201 
Ml 
lllO 
412 

287 

The El Paso Valley division, lying along the river 
southeast of El Paso, comprises three districts. Mid
way down the valley the riv~ leaves its old channel, 
the international bounde.ry, and crosses to the north
eastern side near the town of Fabens, thence to turn 
south. again and reenter its old channel at a point about 
2 miles south.ea.st of the town of Tornillo. The upper
most district (above Fa.hens) lies between the river and 
the higher, unirripted ·1a.nd to the north.east. The 
island district is the a.rea.1 opposite Fa.hens, between the, 
present river channel and its old clwm.el. The 
Tomillo district lies below Fe.hens, between the river 
a.nd the mesa. Of the 55 wells in the El Paso Valley 
division, 11 are located in the district above Fa.hens, 
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7 are in the island district, and 37 are in the Tornillo 
district. 

T,uLm 16.-Mean cimduda~ paluea of Uie wel.la. oj Uie El Paio 
V alky diiimcm and of comigucu, draim 

.Mean 
Length 0011· Ran£!! of Mean 

duct• Num- conduct• CIODduet• 
anco ber ance a.nee 

---------1--1-
Above Fabens; 7:;o 

Mesa............................ 29. l f21l i 23.5-1:: MO 
:M.lddle •••• • • • ••••• ••• •• • • •• • • . . . .!i.ii. 3 3111 5 IG3-1 724 
River •••••••••••••••••••••••·•· 1_:ia._t .1 __ 53_1_, __ 1_1'-···-·-···-··-· 1---

M1!81lS........................ ......•. 448 ll ..•••••... 
:wand district: .Island............... 3J. 7 M9 7 32.$-2583 
Tcmilllo d!sttlct: 395 Ii 213-1301 

Alamo Alto ••••••••••••••••• •••· 20· 6 20 202-1674 
Tomlllo •••••••••••••••• •••·••••. :.:.:.::.:.:..: .:..:.:.:.::.:: -----

Total Toml.llo, lncludlnr lsland. ;5. l 497 f4 •••••••••• 

705 
SM 

ti03 
528 

670 

.A summary of the conditions of ground-water salinity 
as found in the El Paso Valley division is shown jn 
table 16. In the district above Fe.hens the mean 
conductance of 11 wells is 705, while that of the 3 
drains that serve the district is, for the same period, 
448. In the island district the mean of 7 wells is 8~4, 
while that of the 3 drains is 559. In the Tormllo 
district the Tornillo drain, that serves the area between 
the Tomillo canal and the river, carries ·the discharge 
of the 3 drains of the island district as well as the water 
it collects in the Tornillo district. In the area between 
the Tomillo canal and the mesa served by the Alamo 
dre.in there a.re 17 wells with a mean conductance of 
503 while the mean conductance of the AJa.mo drain 
for 

1

the same period is 395. For the combined isla.nd 
and Tornillo districts served by the Tomillo drain; 
· :.here J.re · !4 N'eils. · The :nean · ~onductance )r -'..hese 
44 wells is 5701 while that of the Tornillo drain is 497." 

The following is a summary of salinity conditions 
found in the ground waters of the three major divisions 
of the Elephant Butte project in the summer of 1936. 

Rmcon. division ...•••••••••••••.••••. --- 4 dra!m, lf.5.... ••••••• 1e1'~ 2l:1 
Mesilla Valley d!vls!oD.... ••••••..•••• •• 7 drains, •·····.. •••• w , • 

El 11:~'t~.~I~~: ............. ~.. 3 dl-llm, !:}·········· ll ,r~, ~~ 
Bia.low .F11belll •••••••......••••••••.. 3 drains, ........... w , 

It is obvious that these data a.re not adequate to serve 
u a basis for e. convincing picture of the ground water 
conditions of the Elephant Butte project. The obser
vation wells are too few in number and they give 
samples only from the upper surface of what may be 
assumed to be a. deep body of water contained in the 
sediments of the valley fill. The data show that there 
are wide differences in salinity between wells that are 
not far apart. Had the wells been looa.ted in ~e~nt 
positions from those selected for the present lnQ'llll'Y1 

Ric Grands Joint Investigation 

different mean values might have been obtained. 
Furthermore, in the absence of information as to the 
conditions of salinity in the deeper waters of the valley 
sediments, there exists the possibility that there is little 
relationship between the subsoil water sampled from the 
observation wells and that collected by the drains. It 
seems probable, in fact, that much of the subsoil water 
that finds its way into the drnins represents deeper 
subsoil water entering them from below as a result of 
hydrostatic conditions in the system consequent on 
percolation from irrigation canals. It is not necessarily 
to be inferred that the water appearing in these open 
drains comes chiefly by way of lateral flow along the 
surface of the saturated zone of the subsoil. Waters 
percolating downward from irrigation canals or through 
the readily permeable areas of irrigated lands may dis
place the subsoil water locally and the consequent 
hydrostatic readjustments may tnke pJnce through deep 
permeable aquifers to the drains rather than through 
the lateral movement of the surface horizon of the sui:o
soil water. 

The findings of other investigations I show thnt there 
is in fact very little lateral translocation of water in the 
surf ace of the saturated zone of the subsoil, even when 
the elevations of that water surface show appreciable 
gradients. Closely adjacent wells that have been under 
observation for 10 years or more, and in which the 
seasonal vertical movement may be 3 feet or more, 
continue to show wide differences in salinity. 

The presentation here of do.to. concerning the salinity 
of water in observation wells and in contiguous open 
drains should not be taken as warranting the inference 
~hat :here =s :houJ?ht ~o ~ake ?lace :i.or:n.ally ~ lateral 
movement to t.he -<irains "of tile. water representeci 'oy 
the wells. The purpose of presenting the data in sum
mary form is to show what conditions of salinity were 
found to exist in the area. 

Samples were taken for detailed analysis from 2_3 of 
the observation wells in the Elephant Butte proJect. 
The results are given on pages 266 to 269 of the analyt
ical data. Summarized briefly, these analyses show 
that in respect to the percentages of sodium and 
chloride there is a progressive increase in the down
stream direction. The mean percentages for the wells 
of the three major divisions a.re as follows: 

Division 

B:tnoon ...................................... . 
Mes1U& Valley ............................... . 
1£1 Pao Valley ......................... _ •••• 

I P-~esof
Nomber ol !----,---

wells 

4 
8 

11 

Sod!nm Chloride 

I Soo&ld, C. s. The MO'l'emellt o! Water ln Irrlpted Soils, Jom. Au. R-,cii 
· 27: fl17~ mm~ ud Babeoll Watera c! Newwids (Nev.) Field Station. Tedi, 

Bull. No. m, u. B. Dept. Alf. llilll8. 
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PART IV 

~CTION 6.-THE WATERS OF THE RIO GRANDE ABOVE FORT QUITMAN, TEX. 

The Gaging Stations 

In the preced.ing chapters of this report consideration 
has been given to conditions of sa.linity found in the 
surf ace a..nd ground waters of the three major divisions 
of the Rio Grande Drainage Basin above Fort Quitman, 
Tex. It now remains to discuss the conditions found 
at the several control or gaging stations along the main 
stream. There are nine such stations for which data 
a.re available in respect to the volume of discharge and 
the quality of the water. Two of these a.re in Colorado. 
The uppermost station, nea.r Del Norte, is located 
above the points of diversion for San Luis Valley. 
The next, the State Line station, is located near 
Lobatos e.nd below the tributary streams and drains of 
the San Luis Valley. 

Below the Lobatos station the river enters a canyon 
section in northern New Mexico, in which it receives 
the flow of several tributaries, chief of which is Rio 
Chama, from the west. Toward the lower end of this 
canyon section is · the third gaging station a.t Otowi 

-ige. .After leaving the canyon section, the river 
rges into a section of lower gradient with alluvial 

18.D.ds on either side. This is the Middle Valley which 
extends to the San Marcial gaging station, located just 
above Elephant Butte Reservoir. In the Middle Valley 
oome tributari~ join tpe ma.in stream; chiefly ,Jemez 

; •:;aek mci .:lio ?uerco , .l.D.O. 3.io -.3a.:i.acio. ::'be ira.ms 
serving the irrigated la.Deis of the Middle Valley also 
discharge into the ma.in stream above San Marci.al. 

Elephant Butte Reservo"ir collects the flow of the 
ma.in stream passing San Marcial and receives also 
some water from small local streams. Water from the 
reservoir is released chiefly during the irrigation season 
from April to September each year. There is a sampling 
station at the outlet of the reservoir. Leasburg Dam, 
the next sampling station is located below the Rincon 
division of Elephant Butte project and above the 
Meeilla. Valley division. Courchesne station is below 
the Mesilla Valley division and above the points of 
diversion to lands in Mexico and to the El Pa.so Valley 
division of the Elephant Butte project. There are no 
important tributaries reaching the river in the Mesilla 
Valley division but drains that serve the irrigated land 
discharge into the river above the Courchesne station. 

About midway down the El Pa.so Valley division is 
1 ..... '!.ted the Tornillo-Faben.s station. Topographic 

it.ions in the El Pa.so Valley are such that most of 
2148-88--30 

the drains serving the irrigated la.nd above Fa.hens 
discharge into the river a.hove that station and at that 
station water is diverted from the river into Tornillo 
canal to serve lands below Faben.s. The Fort Quit.man 
st.ation, the last one of this series1 is located a.bout 35 
miles below the lower end of Elephant Butte project. 
In the section between the Courchesne and Fort Quit
man st.ations no important tributaries join the main 
stream, but the drains that serve the contiguous irri
gated land discharge into the stream above Fort 
Quitman. 

Sampling ud Analyses 

The conditions at each of these gaging stations, in 
respect to the volume of discharge and quality of water, 
vary from day to day and from year to yea.r. .At most 
of them1 observations as to the volume of discharge have 
been ma.de and recorded for many yea.rs past. l t is 
only recently that systematic observations have been 
made concerning the quality of the water by collecting 
a.nd analyzing samples. Such data as are available in 
respect to the samples collected at these stations a.re 
reported in the analytical data1 pages 10 to 54. For 
the Del Norte station, data on quality a.re available 
only for 1936. For the Lobatos and Otowi Bridge 
stations the record covers the 3 vears, 1934 to 1936. 

· For r.he 3a.n .:Viarciai staci~n~:..1:i; record is muc.::i fonget. · 
During the period from May 1905 to April 1907, 
aamples were taken about twice a week at this station 
and their partial analyses, together with the volume of 
discha.rge, are reported in Water Supply Pa.per 274 1 

published by the United States Geological Survey. 
These data have not been incorporated in the present 
report. During the period from April 1920 to June 
1932 the river was again sampled at this station and the 
total dissolved solids were determined. These data, 
together with the record of the discharge at the time 
of sampling, are reported in the analytical data, pages 
13 and 14. From June 1932 to December 1936 samples 
were taken approximately once a week and the detailed 
analyses of these a.re also reported in the ana.lyti.ca.l 
data. 

At the outlet of Elephant Butte Reservoir oceasiona.l 
samples wem taken from 1920 to 1930 for the deter
mination of total dissolved solids. In 1931 and 1932 
samples were taken at this station about once a month 
for detailed analyses. Since June 1933 sa..m.ples have 
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been taken more frequently. For purposes of com
pa.rison, samples have been taken also from the surface 
of the reservoir above the dam. 

The record of quality for the Leasburg Dam station 
includes the t.otal dissolved solids for ooouional a.mples 
ta.ken from 1920 to 1930 s.nd the detailed analyses o.f 
weekly samples or of monthly composit.es of weekly 
samples ta.ken since 1931. 

At the Courchesne station, near El Puo, Tex., a 
series of S&m.ples was ta.ken and analyzed, like those at 
San Ma.rcia.1, du.ring 1905 to 1907, also reported in 
Wat.er Supply Pa.per No. 274, but not here incorporated. 
From June HHS t.o January 1930 occasional samples 
were taken for the determination of total dissolved 
solids and these results1 t.ogether with results of the 
detailed analyses of weekly samples or of monthly 
composites are reported in the analytical data. 

The record for the Fa.bens-Tom.illo station includes 
the data. as t.o the total dissolved solids found in samples 
taken during the period from 1918 to 1930 a.nd the 
detailed analyses of weekly samples or monthly com
posites since January 1930. Finally the record for Fort 
Quitman includes the t.ota.l dissolved solids on occa
sional samples or of monthly composites since January 
1930. 

The summarized findings, here presented, as to 
88.linity conditions along the main stream are based on 
1 yea.r's record at Del Norte, 3 yea.n' at Loba.tos and 
Otowi Bridge, 4 years' record at San Marcial, and 6 
years' records at the five stations from Elephant Butte 
outlet to Fort Quitman. No attempt is here ma.de to 
interpret the findings of the earlier reports of analyses 
for the stations having older records. 
. Before '!)roeeeding to discuss the findings based on the 
'iaia · iere · prooenuid, it· Jeems proper: :a conmaer ·we· 
validity and the significance of the data. It seems 
wmecessa.ry to labor the point that on such a stream as 
the Rio Grande the conditions of discharge and of the 
quality of the water passing a. gaging station a.re ex
tremely variable. Appreciable changes may occur 
within an hour and great chaDges may occur from day 
to day. Such cha.nges a.re 181!!8 pronounced at some 
seasons of the year than at others but they are continual 
and clw:aet.erisfic. · 

The customary procedure of sampling for invest.agat,. 
ing the quality of the water is to take a sample from 
ti.me to time, such as once a day, once a week, or once a 
montb1 ming reuonable care that the w:nple represents 
the disclla.rp at the time. The volume of discharge 
at the time of ampling m estimated or measured and 
:recorded on the ample Ia.be], along with the date and 
the name of the ooJlect.or. These individual samples 
may be ualyzed separately or they may be uaembled 
into composites repreeenwig some period of time. such 
as a month. In waking up such composite samples for 
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ma.lysis, the procedure here followed is to take from 
each individual sample a quantity proportional to the 
volume of discharge each sample represents. 

In any event, whether the individual sampler 
iwalyzed separately or proportionately compot.. 
before ma.lysis, the results of an analysis are evaluated 
or weighted by the discharge va.lues that each repre,. 
aents, when it is desired t.o estimate the quantities of 
dissolved solids or of any constituents passing the statio11 
during any period of time, such as a. year. This pro
cedure rests on the assumption that a. sample taken at 
any given time truly represents the water passing the 
station during the time-period allocated to that se.mple. 
As a matter of fa.ct, it is well known that at several of 
these gaging stations on the Rio Gnmde the changes 
that occur from day to day or even from hour to hour 
in volume of discharge and in quality of the water are 
such u to invalidate the assumption of uniformity 
during the time-period involved in the present sampling 
program. Fortunately, the resulting errors do not run 
in one direction and in time they tend to cancel each 
other. But it should be kept in mind in considering the 
quantitative data. here presented as to the salt burden 
of the stream, that these computed values can be at 
best only approx:imations of the truth. 

It is believed that the results reported for the incli• 
vidual analysis are valid and acceptable. Their validity 
may be and has been tested in a. variety of ways. The 
sources of error mentioned above a.re inherent ir 
syeteni of periodical sampling :rather than in the me 
of analysis. One of the ways of testing the validit;y vl 

the analyses is to compare the results obtained from 
any sa.mple or any group of samples in respect to similar 
or rela~d characteristics of the water. For example, 
·.>ne ~i :.he -::nore ·important 6arac:;e.r..stics of water ;_g 

the quantity of dissolved solids it contain.Bi in other 
words, its concentration. By the methods of analysis 
used in the preQnt investigation we obtain three 
independent measurements of concentration: 

(1) An aliquot of the aa.mple, carefully filtered, is evaporated, 
the Nl8idue f.s dried &Dd weighed. The reault, computed u 
total d.iaaolved solids (l d. 11.), Is reported aa tons per a.ere-foot 
of water. 

(2) The specific electrical oonductanco of the ample m 
determmed by meuuriDg the electrle&l reddance of a boo 
volume at known temperature. The result Is reported u · · 
conductance (KXlOI at 25° C.). 

(3) Each of t.be 11h or eight more important constituent. of 
the dJaolved lll!ilts is aepa.rately meuured and :reported hi 1Dm& • 
of milligram equivalents per liter. The mm of theae milligram '. 
equivalents la &lao a meuure of concentration. It doe11 11ot , 
include an the diaafilved material (e. g . .Wea) but Is nevenh,:Jalll j 
1111 acceptable relative meuure of ooncentr&tion. l 

In the course of reporting wa.ter analyses these three ~ 
criteria of concentration a.re compared u a :me.am of 1 
gua.rd.mg a.gs.inst errors. Long experience hu eboffll ; 
that in a series of samples .from any one source 
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ratioa to each other are remarkably constant. These 
ratios difl'er somewhat 8.lllong themselves with samples 
,--...,_ different sources having different compositions, 

t.o be expected. 

Computing the Data 

In the matter of weighting the results of invididua.l 
analyses in respect to the discharge volumes they 
represent, more than one procedure is possible. Accord
ing to the sampling program followed in the present 
investigation, at least two methods of weighting 
analytical results have been used. The earlier method 
adopted and still in use in respect to certain of the 
stations is as follows: The individual samples received 
from a station are separately analyzed. All of the 
analyses for each month are then ta.ken as being 
representative of the total discl:w-ge for that station 
for that month and the arithmetical mean for each 
characteristic or constituent is computed. Subse
quently, when the discharge data for that station (in 
aere,.feet per month) become available the mean values 
for the month's analyses a.re multiplied by that dis
ch.e..rge. By the other method, the samples from each 
atation for ea.ch month are made into a composite for 
one analysis. Each ample contributes to this com~ 
polite a quantity that is proportional to the discha.rge 
('m cubrn feet per second) that was reported with it. 
T" ~ data from th.is single analysis are subsequently 

lied by the reported discharge for that station 
h.. .e.-f eet per month. 

Neither of these methods is wholly satisfactory or 
free from error. Neither takes adequately into account 
the dffi'erences in volume of discharge or of salinity 
iliat ~:gula.rly .)CC'lll' _1: :hese :-:iver :.tations. 1ttention 
is ilere called ro the obvious and admitted. faults in 
the methods of computation used in the present report 
in order to avoid the implication that the findings here 
presented a.re regarded a.s definitive and the most 
accurate that could be obtained. They represent 
merely one interpretation of the detailed analytical 
data. Other and more refined methods of computation 
might yield results that would be nea.rer the truth. 

The objective of the present discussion of the ana
lytical data conooming the regimen of the Rio Grande 
is to show what the conditions a.re at each of the nine 
control or gaging stations described above. A. sum
mary will be given of the findings for ea.eh station for 
each year of record, together with a summary for each 
station for the whole period of record. Comparisons 
will then be made between pairs of stations as a means 
of showing the effects of conditions between them, 
and as showing the tnmd of changes that oceur from · 
the upper to the lower stations. 

... ,.ise of the fa.ct that only I year's record, 1930, 
is ,ble for. the uppermost station, near Del Norte, 
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Colo., a summary of that year's record is shown in table 
17, and for comparison data am given fo:r the same 
year for the Loba.tos station, located below the San 
Luis Va.J.ley. The table shows first the volume of 
wat.er, in acre-feet, passing eaeh station during the 
year u reported by the State Engineer of Colorado. 
The next entry reports the total dissolved solids, in 
tons, passing ea.ch station during the year as computed 
from the analysis of one composite sample from each 
station for each month. These composite samples 
were made up at the laboratory from four or five indi
vidual samples 'With each of which was reported the 
estimated discharge, in cubic feet per secondt at the 
time of sampling. The determined concentration of 
total dissolved solids, as tons per acre-foot, was then 
multiplied by the discharge, in acre-feet, subsequently 
reported for ea.ch month, and the sum of these products 
is reported as the second en try in the table. The 
third entry is the mean concentration as tons per acre
foot, obta.ined by dividing the value for discharge, in 
acre-feet, into the value for tons of total dissolved 
solids. 

The values given for conductance were obtained by 
multiplying the conductance determined for es.ch in
dividual sample by the discharge value reported with 
that sample, adding these products together for the 
whole year and dividing that sum by the sum of the 
individual discharge values. The method of obtaining 
the third concentration value, i.e., the sum of the milli
gram equiva.lents, will be described later. 

The next seven entries in the table give the values 
for the tonnage of each of seven constituents of the dis
solved solids. These values are obtained by the follow
ing method: . The '>'alue for t,h"e discharge, :n .icre.:feet, 
for each month is multiplied by the va.lue reported, as 

· milligram equivalents, for the constituent as obtained 
by the analysis of the composite sample for that month, 
and this product is then multiplied by a !actor to con
vert it into tons. The sum of these ton.na.ges for each 
month is reported as the tonnage for the year. 

The mean composition for the station is then com
puted by dividing the value for the a..nnual dhieharge, 
in a.ere-feet, into the value for the annua.l t.onnage of 
each constituent and then dividing this quotient by the 
factor that was used for computing the tonnage of each 
oom.tituent. The sum of the milligram equivalent 
values for the mean composition is then taken. as the 
third measure of concentration referred to a.hove. 

The percentage composition report.&i by the lut six 
entries in the table is obtained by dividing the value 
for the sum of the cations into the value for each ca.tion 
and the va.lue for the sum of the anions into the value 
for each anion. In computing the pen,entage com
position when potassium is reported, its: value is added 
to the value for sodium. Simila;r]y, when the nitrate 
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ion is reported, its value is added to that for chloride 
before dividing by the sum of the wons. 

Tau: 17.-'l"he Rio GraMe abooc ana below San Luu Valley, 
Colo.; discharge c:ondititm.a at two control atal.ium; data for 
19S6 

Dllelllll'P: 
Waw (~) .•.....••••....•••... _ ......••......•• 
Dlllolvlld aolids (tons) •••••• _________ ···-···-···-····--

CO?IC81ltl'atiODS: 

~~-:'::~~::::::::::::::::::::::::::::::::::::: 
Sum (mll.Uequfvalents) ••••••••••••••••••••.•• ________ _ 

Comtltomta (tons), 

iuFi(~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
i~l:i~~ /lR~_:: :: : : :: :::::: :: :::: ::: : :::::::::::::::: 
Nltrate (NO,) •• __ •• --···-···-- •••• ____ ....... _···----. 

472, l!OO 
61, 1178 

O.ll 
8.46 
2. 27 

7,203 
2,074 
4.4C8 

13,715 
11.r.u 
2,818 

197 

280, IMO 
7',4115 

O. ll85 
25.61 
5. 71 

10, lllll 
2,8'18 
8,0311 

18, fJ06 
111, 2G!l 
3, 1181 

27 
l===I=== 

C.omJ:l!tlon (mllliiram equivalents):..................... -~ 1.3g 

Ms •• ---------·········................................ • 27 • 511 
Na ....................... ------------------·-·····-··· • ao • 91 1---1---

Sam (cations) •••.• _ ...... --··--··--···--·---·---···· 1. 13 2. 88 

BCOi ....... _. ___ • ---·· ···-- -···-··---······------···-!===. '70=l===l.=M 
so, ..... ---·-···-·····----------------------------·--· . 32 Loo 
Cl ............................................ _........ .12 . 29 
1'01.. ••.. ---·-········--··-····-····---····-········--- T. T. 

1---1---
Btu:ll (anions) .. _________ .................... _........ l. H 2.83 

PW1ll!nf.eii!: 
Ca ............ ·---· •••••••••••• _ ....... _ ............. . 
Mg: ••••.•••. --···. - -• -••••••• -• ------- .••••• --· ....... . 
Na_ .................................................. . 
BC Oi . •••••••••• -••••••••••••• -.••.•. -••••••••.•.••••• 
SO, ................................ -, ................. . 
CL ............................ --··--· ...... --·····-·· 

'I'be St.ream Above San Marcial 

l===I=== 
llO 
2" 
26 
Ill 
28 
11 

With this explanation of the methods used in com
puting the data shown in the following tables, the 
conditions found at the Del Norte and Lobatos stations 
for 1936 may be compared. It may be recalled that 
~foW _lie :'.;el ~9rt-e 3tation ,-'llter is (.UVer!,eU ·:·rom :ne 
Rio Grande ro irrigate land in San Lu.is Valley. Drain
age water from the irrigated land is returned to the 
river above the Lobatos station and several tributary 
streams also join the river above the latter station. 
The table shows that the total volume of water passing 
the Lobatos station was 191,350 acre-feet less than that 
passing the Del Norte station. The volume at Lobatos 
was approximately 60 percent of that at Del Norte. 
The total dissolved solids passing Lobatos was greater 
than the qwi.ntity passmg Del Norte by 22,521 tons 
for the year, or 45 percent. 

The changes occurring between Del Norte and Lobe.
tos, i e., the loss of water and the ge.in of dissolved 
solids, are reflected. in the differences of concentration 
shown for the two stations. The concentration at 
Lobatos, as shown by the t.otal dissolved solids and the 
sum of the milligram equivalents, is approxim.&te1y 2.5 
times th.at at Del Norte. As measured by conductance, 
the difference is greater; about 3.1 times that at Del 
Norte. The disc.rep&J1cy between the conductance cri-
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terion and the other two is owing, in part at least, to 
the different methods used in computing these weight,.-' 
mean conoontration values. 

The notable fa.et about the river as sampled at t... 
two stations is that its water contains very little dis
solved material in comparison with the water farther 
dovm the stream. Even though the concentration of 
the water at the Lobatos station is 2.5 to 3 times as 
high e.s at Del Norte, it is still not very saline. 

The data for the percentage composition shown in 
the le.st six entries of table 17 show the nature of the 
chs.nges in composition that occur between the two 
stations. These values show that the water passing 
the Lobatos station contains relatively less calcium, 
ma.gnesium, and bica.rbonate than the waters passing 
Del Norte, and relatively more sodium and sulphate. 
The.re is only a slight difference in respect to the 
chloride pereenta.ge. 

The conditions at the Loba.tos station for 1 year, 
1936, were shown in table 17. The conditions at that 
station for the past 3 years, 1934-36, a.re summarized 
in table 18. This record shows that the annual volume 
of discharge varied widely, from 99,000 a.ere-feet in 
1934 to 360,000 a.ere-feet in 1935. The range in the 
salt tonnage ce..rried is not quite so great and, conse
quently, the concentration was higher in the year of low 
discharge. The character of the salts, as shown by 
the percentage composition, differed very little fr, 
year to year. 

T,uLJ: 18. -Loba.tt;11 (State line) gaging wuion, Colorado, ahowing 
Ult quantitia of water, of dia11olvlld solids, and of each of tfw 
more imponant salt oonstit=ta p0,11Sing the staUon during C1JCh 
~r year, 1994 to 1996. 

11134 

D~r · 
wa~ <_,_>-········-·--··--···· GS.1110 
Dl&aolm IO.l.lda (tom) •• -----···-···· ao.001 

C,:mlll!;Db°atlOQ8: 

=:r...ac:~.:::::::::::::::::::: 0.3~ 
Sum (mlllieqniva.lent3)..... •••.• •••• II. 09 

ConstltUl!Dta (tom): 

Ei~~:::::::::::::::===== U: 
Barbonate (BCOal----·····-------- 8,\1G7 
.Bah)hate (SOtl...................... 10.SU 
Cbforide (Cl)........................ l, IIUI 
Nuace CNOi>----·····--·-------····· ••.. ---··· = 

CT.~-~-~~~~~)_: ___ • :t 16 

iL:::::::::::::::::::::::::::::::: i'. ~ 

11135 

--
3G0.340 
89.182 

0. 247 
26.t 
uo 

12, 16' 
3, UIS 
0.11111 

21.809 
1U3t 

6,0Ga 
807 

l.:W 
.M 
.119 

11136 Meim 

------~ 2'11,m 
14, 49b Ge,MJ 

0.2& 0.27 
$16.6 27.11 
&. 71 u, 

Hl.1!01 D, 1126 
2,1!98 2,37'1 
8,03V 1,e:.I 

1.8.006 16,211 
18,268 16,314 
1,881 a, 11:11 

27 m 
==== = 

1.311 Llill 
.a .M 
,81 .118 

---1----1---1' 
Rum (c:atlom) ............. -........ 4.43 :ue 2.1111 :us = 1.tll l.M U!I BC01----···-··--············--····!==2.=1s=!====l===I' 

BO................................... L e8 
CJ ..................... -............ .40 
N 01.. ........... ........ ••• • •• • • •• •• • ........ . 

Sam CanJansl.----------·-···-····-

p~---·---··········-----·····-· ~um. ........................ . 

Bllllll'bonate_ ..................... - •• 

=1:s:·:::::::::::::::::::::::::::: 

4.211 

tll 
17 
Mi 
lll 
89 
10 

.84 

.29 
• 01 

2.60 

47 
20 
13 
54) 

33 
u 
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Quality oj Water 

The next station down stream from Lobe.toe is at 
,; Bridge, near San Ildefonso, N. Mex. In the 

.m section between these two stations the river 
:r=eives contributions from both sides, the most im
portant one being Rio Chama, from the west. There 
a.re no important diversions between the two stations. 
The record of the Otowi Bridge station (table 19), like 
that of the Lobatos station, shows that 1934 was a dry 
year. The diiferences at Otowi Bridge were less than 
at Lobatos and th.is is true also as regards the discharge 
for 1935 and 1936. At Otowi Bridge these 2 years 
were very similar. 

Comparison of the 3-yea.r means for Loba.tos and 
Otowi Bridge shows that between the two stations the 
river gained annually 604,000 acre-.f eet of water and 
226,000 tons of dissolved solids. From this it may be 
inferred. that water contributed between the two stations 
bad a concentration equivalent to 0.37 ton per acre-,foot, 
or slightly higher than that of the water passing the 
Lobe.tos station. 

The record for the San Marcial station, as shown in 
table 20, oovers a 4-year period, including the dry year, 
1934. Conditions at San Marcia.I. a.re such that this 
reoord is not very satisfactory. The station is located 
below the junction of Rio Puerco and Rio Salado which 
drain the uplands west of the Rio Grande. This area 
=- ~,1bjoot to local, torrential, summer rains which may 

i brief floods in these streams. These flood waters 
_ _ often highly saline, at least in the first part of a 
flood or in the first flood after a long dry seo.son, and as 
they pass the San Marcial station they cause abrupt 
cha.nges in the regimen of the stream at that point. 

. 3ec:1use ii :b.ese 1brupt changes, ":>oth :n 1ie .7olume 
and salinity oi the water, it is suspected that the peri
odical samples taken at the San Marcial station may 
not afford a basis for dependable estimates of the salt 
burden of the stream at tho.t point. 

Between Otowi Bridge and San Marcial the Rio 
Grande passes through the Middle Rio Grande Valley 
with its extensive irrigated area. Jemez Creek, Rio 
Puereo, and Rio Salado join the river from the west, 
bringing in rather saline waters. The a.year records 
for the two stations show that notwithstanding the 
tributary contributions, the a.nnual volume of water 
passing San Marcial is 137,000 acre-feet less than passes 
Otowi Bridge. The a.nnual salt burden of the stream 
at San Marcial is nearly 300,000 tons greater than at 
the upper station. From the de.ts. now available it is 
not practicable to estimate how much of this increased 
salt burden is derived from the tributary streams and 
how much comes from the drainage of the irrigated land 
contiguous to the main stream. 

~"lmparison of the mean perc:ents.ge composition of 
aJ ts passing Otowi Bridge and Sa.n Ma.rcl.al shows 

w...a.t at the lower stations the proportions of calcium, 
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TA.BL!: 19.-0lo1ot Bridge PQi.ng ,talion, New Mui~, ahotoing 
the guantiliea of water, of wtal du&olved 1olid1, cznd of each of 
the more important 11cut ccmtitlLffltl pcuaing the station during 
each caknda.r year, 1934-88 

Item JIW 11138 

-----------1--- ---------
Dllclw'p: 

~-tel' (acre-feet) ••••• (············ ---eon-~r~~ca (tons, ••..••••••••.•. 
380, GO l, JOO, no l, D71, IIZl 
m, 001 37', 751 &sl, MJ2 

~:lan-:':-~~t:::::::::::::::::::: MO 0. 34 0. 33 
311.3 30.4 30.5 

Bmn (mllllequlvalents) .•••....•...•. IU4 7.~ 7.(9 
Coll.Stltu8llt8 (Uma): 

Oalc:lmn (Ca)........................ ZI, 361 

~~.}~!!:::::::::::::::::::: 1f: ~ 
Bil"Wbonate (BC01)................. (2,676 
Blllllhate (60,) .•••• _____ ••....•••••• ZG,496 
Chloride (Cl)........................ 7,297 
Nitrate (NO.l. •••••••••••••.•...•••.•••••••••• 

CompaeifJOD (millilP"IUD equin.lents): 

01. ••••••.••.•••••.••• ---············ 
M1 .••........ ·····-.•.......•....... 
Na. •.••.•••.•..••.•. ·---···-- --...•. 

2.21l 
.87 

1.44 

456, 119 63, 8QO 
10, !19 12,220 
33,:l!!a llO, 188 

106,022 114, 121! 
88. 380 SQ', 807 
12. 868 IS, 488 
1,376 899 

2.21 
.57 
.97 

:Z.lO 
.ell 
.00 

850,890 
ffl, 7118 

0.34 
31. 8 
7. 76 

51, )21, 
9,343 

216, &1 
80,908 
71,IIM 
11,SS. 

1,137 

2. 21 
.66 

1.01 

Sum (catlom) •••..•••••••..••••••.. ==4.=5=7 !==3=·=15~1===3=. 7...,8 ,f===a~.88 

BCO,............................... 2.70 2.32 2.12 2.29 
BO, ••••• ---········-·············-··· 1.47 L23 L28 1. 29 
Cl................................... . 40 . 24 . 30 . 29 
NOa................................. ..•••....• .Ol .Ol .Ol ------------Bum (l!Wiom)...................... U7 3. 80 a. 71 3. 88 

Pllffllll~: 
08.ldwn.. ••••••••.••••••••••••••••••• 
~=-----------···········---· 
BlmrbQnatll ••.. -----············-· •. 

~~dt:.::::: :::::: :::::::: :: :::: ::: 

49 
19 
32 
59 
32 
9 

69 
15 
26 
61 
32 
7 

57 
17 
26 
59 
33 
8 

TABLE 20.-San Marcial gaging atation, New Me::cico, 11howing 
the quantitie.a of water1_ of total duaolved solids, and of each. of 
tlw more important ,au comtitumt11 pczsaing the station during 
each calendar year, 19SS-S6 

rtem 111133 1934 lll36 Mean 

-----------------------
D!sclwp: 

Wllter (acre-!'eet) ••••••• .-•.....•.. il6,~ 2".31111 J,021l,&l0 867,liOO 713,800 
Dl.nolvedaolids(ton.s) •..••.....•• 7'6,567 :lffll,211 851,2115 653,332 59l,21l9 

~oDOOl)trntlonr.: : 

6~~t&nw::-~~~:::::::~::::::::: 1i11 1i1:~ ' l~j · 1i/! ii/~ 
Sam (mll.1.111Qui'1'alellts)............ 2',UO 2U2 18. :IS 17. a1 18. 63 

Connltl:lWts (tom): 
C&lclum (Ca)..................... 112, lllll! 32, 3U ll3, 018 811,692 78,025 
MNnesilllD (Mg) •• a ••••••• ··-···· 2l, l!G8 6, •oo 23,838 18,243 16, l!IO 
Bodlum (Na) ••••••••••••..••.•.••• 117,~2 -13,881 119,0l!il 118,176 87,046 
Bmbonat.e (HC01l •..... - •••. ..• 113,697 34,222 130, lllO 106, 707 90,373 
Btllpbatec (SO,) •••••••.. _ .••••••.•• 304,381 !Ot, 180 306,842 232, 748 214,500 
Chloride (Cl).--···.............. 76, 148 28, 153 77, W7 es, 1174 57, 375 
Nitrat.e (NOal---·······-·········· ------· ------· 2,144 758 l,4:i6 

Compomtlon (mllligram e<;iuil'aleD!.S): 
=l===I= 

Ca ••••••.••••••••••....•......•••. 4.76 4.87 '-°' 3.?a 4.02 
Ma: ..................... -......... l.76 1.61 1,40 1.27 l.37 
Na................................ &. 26 II. 74 3. 70 8.112 3. 00 

Bum (ml.loD!)................... 11. 77 12. 22 9.14 

HCO;.............................. 8.15 3. 38 a. 05 
SOe,............................... 11.~l 11.53 4. t,7 
Cl----·-········-·-·---·········· 2.17 2. 39 1. &7 
NO.. ... ----···-····---------······ •••••••••••••...•••••...•• 

Sum {11.DicmB) ••••••••••••••••••• 
~tap: 

O&ldum •• ·-······-············· 
==:=::::::::::::::::::::::: 
Bl.alrlkmatll •••••••••. ---·· •••••.• 

=~·::::::::::::::::::::::::: 

ll.113 

~ 
16 
45 
27 

·.5.11 
18 

12. IIO 

40 
l3 
~7 
27 
63 
20 

9.19 

4' 
15 
41 
33 
ISO 
17 

-
11.M 11.29 
== 2. 98 

,(.11 
us 
.01 

8.GG 

43 
15 
u 
34 • 18 

8.05 
4. 51 
l.00 
.02 

II.Ji 

43 
ll, 
42 
113 
411 
18 

magnesium1 and bicarbonate are lower while the pro
portions of sodium, sulphate, and chloride a.re higher. 

By way of a mmma.ry of conditions found e.t the three 
stations above Elephant Butte Reservoir for the 3-year 
period ending with 1936, the mean values for ea.ch st&.· 
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Dlleb&nre· 
Waie:r' ~t) ••••••••••••••••• ______ --
D&.l,ed aollw (loll$) ••.••••••• -- •• -----. 

CIINIIIWCtalJoiu: 
Tona 11er ICf'll-ioot. ·--···- ••..•••.•••. __ • _ 
Cwductlll~.----·--····· --··· -- ----· __ --
S'am (l!l.llllJl,qul'l"lllel:al&) ............. -••. -. 

Coll&tltaenu (tom): 
Caletn.m (Cal-----·---·---.---- --- --- --. -. 

~c:.!~~!.:::::::::::::::::::::::: 
Bloarho111te (BCO.J ••••.•. ---··-···------
Sull)bate (SO,) ••••••.•••.•••.••• ___ •..•. _ 
Chfozlde (Cll---·······-------···--·--- --
Nft.n.te (N(l3) ••••••••••••••••.•• ___ • ___ •• 

~'133 
1111, 653 

0. 27 
27.D 
6.Sf 

11,326 
2,377 
7, IWJ2 

11!, 261 
Jl!,314 
a,e21 

167 

&a),800 
ffl.7ell 

0.1144 
IU 
7.'1'11 

51. 1215 
9,343 

:16,857 
80, IIOS 
71,M4 
U,884 
l, 137 

718,Slio 
ffl,~ 

0.83 
117. 2 

11. 83 

1118,IJU 
16, lllO 
87,046 
IICl,373 

S!U90 
117,375 

l,4511 

tion e.s to discharge, concentration, and tonnage of each 
wt constituent are brought together in table 21. It 
may be noted that between Otowi Bridge and San 
-Mucis.l the concentration of the water increases by 2.4 
to 3 times. In respect to certain constituents the ton
nage increase is much greater than that. For example, 
the chloride tonnage at Otowi Bridge is 3.3 times that 
at Lobatos, while at San Marcial it is near1y 5 times as 
high as at Otowi Bridge. 

The Stream Below San Marcial 

Elephant Butte Reservoir constitutes a defutlte break 
in the continuity of the regimen of the Rio Grande. 
It is a. storage and equa]b;ing reservoir in which water 
is held from year to year in varying quantities. Conse
quently, the data. as to the annual volumes of discharge 
at stations above and below the reservoir are unrelated 
unless the vo1ume of water in the :reservoir is taken 
into account. !t does not 3e';lm ?ertinep.t ..,o \he ?iesent 
inqwry i.o attempt to correlate the conditions found at 
stations immediately above and below the reservoir. 
Consequently the following discussion starts with the 
consideration of findings at the station just below 
Elephant Butte Dam and follows downstream to the 
station near Fort Quitman, Tax. 

In the early stages of the inquiry here .reported it 
was &S.Bumed that the water heJd in Elephant Butte 
Reservoir would be thoroughly mixed and of uniform 
composition. Comeque.ntly it was thought to be ade
quate to take a nm.pie of the water at the outlet once a 
month or even lees :frequently. This a.ssumption 
proved to be unwarranted. It was found, as a matter 
of fact, that the qutility of the water released from the 
reservoir may ch.ange suddenly and profoundly. Sub
sequent investigations have. shown that the we.ter of 
the reservoir is .not ordina.rily a. homogeneous mixture. 
It is probably very eeldo:m in that condition. 

This is not an appropriate place to discuss in detail 
the phenomena that occur in the reservoir. The facts 
essential to such a discu.eaion·are not yet e.n.ilabie. It 

Rio Grand, JoiriJ. lfWUtigation 

is known, however, that at certs.in times turbid and 
~e flood waters enter the reservoir at its upper end 
and pus along the floor of the reservoir to emerge 
or 3 days later through the outlet gates a.t the dat... 
It ie known also that at other times flood waters, also 
turbid but of low salinity, enter the reserroir at its 
upper end and, after dropping their suspended silt, 
spread out over the surface of the reservoirt and, with 
comparatively little blending, .reach the dnm at the 
lower end. Such mixture as does occur in the reservoir 
appeare to be dependent chiefly on difl'erencE."J3 of tem
perature between the surface and the deeper water. 
When the surf ace water gets colder than the deeper 
water, as during the autumn and winter, it sink.~ to the 
bottom, .replacing the wanner water. 

These conditions in the reservoir have been the cause 
of some anomalous findings in respect to the salt burden 
of the water released from it. The details of these 
findings ue reported in the ane1ytical data., pages 20 
to 25, and are summarized by years in table 22. The 
data of this table show that, except for 1935, the quan~ 
tity of water released from the reservoir each year has 
been less variable than the quantities passing the up
river stations. The drought of 1934 diminished the 
infiow for that year fUld caused a diminished out.flow 
during the following year. 

T.ABLll: 22.-Bkpho.nt Butte Dam outlet, New Mnioo, ahowing U.,. 
~ntitu.s of water, o/ diaaolved aolid.,, and of each of the mrr 
important ,all con,Wue,,it, relea,ed Jrom. the reaBrt10il' duri1. 
Meh wkndar year, 1951-86 

It.em 11131 1932 lG:13 ~~~F ----
Dl.lcb&rre: 

'Vatet (aef'l!-F'!'lt) ••.• _., __ , 75~.~,832.000826,~~ sro. 710:636. ~5-1174i. ,:!0:766. m 
:Jlasolyed :1CIIU3 (!.on.sl.. "- :61,, .% 6.58. 38516!0. ~ , 65lU53 583, ~35 589. oOO 619, OOII 

Conll8DUttlom: 
TO!lil per- -.m,.foot •••••••• _ 0.82 0. '1ll 0. 74 0.82 0.92 o_ 711 0.8l 
Cm!doctance_ •••••.. _____ 82.6 83,4 73. 0 88. 8 100. 3 U.3 87.0 
8am (m.!llieqUITalml!a) •• _ 19. 16 18. 20 16. 37 l8. 71 20.11 17.87 18. 32 

Conatltrlellts (tom): 
80.ffll Cllklum (Cc).---······-·· 80, 8'13 81.133 82,881 67. 745 1~.m 78,277 =:lam {Mil----···-· 24, fNT 19,6.$5 17, ?115 l8,3S!I 15,400 15. 857 16,~2 

(NI) ••••••••••••• 102,Ml lOUe.:! &,023 103, M<l 00. ~ll ll(i, 780 1111,Ml 
Blmll'llonllte (HC 01). _____ 98.7111 ~632 1~237 81!!.275 ~~ &2,343 114,440 
Sul~t.e (SO,) •••••••••••• 237,MII ?62. 331 IM,12' 273,3/ltl 232, lM 234, T.11 
C de/pl) .•.• ______ . __ M, 'IVT 58, &17 &I, 4-03 eo, m ~521 55, 41g 156,744 
Nitra&e ( 01) ..... ---·-·· 68,ll 112 349 

= = =' = c=~ (mill.lgram equt-
Ca... •••••••••••••••••••••• a.Ill! 8.67 a. e1 8.19 3.111 3. 'TS 3. 73 
Me •.••••..••.......•..••. 1.18 1,43 1.1!0 1-38 l. 47 1.28 l. 34 
:N..__ •••••••••••••••.•••• 4.37 4.11 3.211 4.12 4.M U8 4.(13 

llum (ce&m)-••••••••• 9. 51 9. ll 8.20 0.29 0.113 8. 91 G.13 
= ===-

E:COa..-•••••••••••••••• 3.1'1 2.IIIO 3.M :u.11 3.86 l.'6 2.11'1 
so ........................ 4.85 '-83 a.~ a.21 .S. 61 4. '76 .. 119 
CL----··---··--··--·---- l.62 J.411 1.211 LIIG J,81 l.M 1.1!3 
NO. •••••••••••••••••••••• ~-- ........... ............... ................ ............... .01 ·-:.. .... -----·-· 

Ihm. {azrlon.s). ······--·· 11.&t 11.09 8.17 0.42 10.18 ue D.19 

~~---·--·---···-···- •2 811 " '1 1111 ., 41 

~ :::::::::::::: 12 JS lG 15 U5 li 1J • " 40 44 «'I t " D~---·-····-· • 11 44 28 28 12 
m=.····--·--·-······ ,!iO 61 40 M M 118 ll 

................ ___ ................ _ 17 18 1G 17 lll l'I 17 

The data as to mean annual concentration show ve.ria,. 
tions from year to year that are not closely correlated 
with the discharge values o:r 'With each other. There. . 
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Quality oj Water 

are inconsistencies also, in the data for the a.nnua.l 
· .... nages of the sevmal constituents of the dissolved 

~ and consequently in v&!ues for composition. 
_...,.ese inconsistencies a.re believed to be due in part at 
least to inadequacies in the sampling program. They 
may be due in part also t.o phenomena of decomposition 
that occurred in some of the samples between the time 
they were collected a.nd the time when they were 
analyzed. Such decomposition is known to occur in 
ss.mples containing silt, rich in orga.nfo matter. 

N otwithste.nding the admitted a.noma.lies and dis
crepancies in these data, they may be accepted, with 
some reservations, as reflecting conditions at the outlet 
of Elephant Butte Reservoir a.nd they may serve also 
as a basis of comparison with conditions found at the 
gaging stations farther down the stream, as summarized 
in the following tables. 

The da.ta of table 23, summa.rizmg the conditions 
found at Leasburg Dam, seem to require less in the way 
of explanation and apology than has been given for 
the data for the Eleph.e.nt Butte station. The data 
for the two stations should be much alike because 
conditions along the stream between them are not such 
a.s to have much influence for change. No important 
tributaries join tbe stream in this section and the area 
of contiguous irrigated land is small. Here, as at 
Ji''""nhant Butte, the annu&l volume of discharge is 

~vely constant and the annual mea.n concentration 
..1e water ranges between narrow limits. There are 

oome anomalies in the table, as for example the low 
value for tha ton.nagP of sodium in 1933 &a compared 
with the values for other years. The value for chloride 
in -: 932 seems bigh a.s does also <.hat for bics.rbonaU} in 

-~ 933. :lo expiariation is . onerea ior these apparent 
diserepa.neies. Thoy may be due in put to errors of 
sampling or of analysis or it may be th.at things were 
that way. 

The swnma.rized data for the 6-year period for the 
two stations show that there has been about 20,000 
acre-feet lees water passing Leasburg annually than was 
released from the retiffl'oir1 and that this water c&rried 
annually about 27,000 tons more dissolved solids. Its 
concentration was in consequence slightly higher. The 
d.ifi'ere.nees in composition of the salt were alight but 
indicate some increase in the proportion of chloride at 
the expense of the sulphate and bica.rbona te eon
stituent.e. 

The conditions a.t the Courchesne gagmg station near 
El Paso, Tex., are su.m.m.amed in table 24. Between 
Leasburg Dam &nd this station the river serves a. large 
area of irrigated Jud but :receives no tributaries of 
eon.sequence. It appe&rB that this irriga.ted land aet.e 
jv ,ne measure u an equalizing reeervoir in respect 

, monthly discharges throughout the year. At 

459 

--------!---!----------
Dfllcharn~ , 

Wat.er(-,.&) •••••••••• 738,000 814., 000 000 ~230 m, COO 8113..llM 744,982 
Dfuolffd IOlldl (&om).... 100 679, 2S! Ml, 847 7oo, a& 514., m -. m &47 40C1 

eo-mtloris: ' 
Tom per --1oot.......... a 8'1 0. 83 0. 79 Ul 0. 11.88 0.117 
Conduetarii».. ••• •••••• •• sa 8 112. 2 l!IO. o G3. 4 1112. 9 111. 8 91. oo 

C 
BIDl:I (lnillleqwvalantll)... llO. liO 20.117 11. 73 30.17 21. e1 19. 23 19.117 

on.tltuentl (tau.,): 
Caldlll:11 (Ca)............. 82, 718 88. ~ 83, ::Jl'l5 115. m 73, '132 78,308 sum 
M~IDl:I CM&) ••••••••• JG,, 121 20,305 111,IHO lll,Get 17,639 115,488 17 1178 
Sodium 1111d potul!WD ' 

(Na+][} •....•..•.•.•••• m,m 1:,,e,oae 115,015100,331 lilf,117 g1,m 103,1194 
Bkarbolla.tl (HCO&) •••••• 100,l!Ot 107,034 Ul.634 Of,11411 70,871 80,975 gs, '178 
SulPllate (SOJ............ 818 257, 187 212,800 2e7, 187 234,825 l"l1ll 238.1189 
Cblorlde (Cl) ••••••••••••• 70.1552 97,1157 ~873 70,002 ~m 64,~5 72,392 
Nlllat:e (NOa) _____ , ••••• •••V••• ····--- --····· ···--·· 1,100 l,47! l,289 

Camposltloo (mlmsnm llqlllV• 
aleritl); 

= ==--= 
Ca. ••••••••••••••••••••••• 

:L.::::::::::::::::::::: 
Sum (aaUol!s) ••••••••••• 

:e:00 ...... - •••••••••••••. 
804 •••••••••••.••. ---·- .•• 
Cl •••••• -· •••••••••••••••. 

4.U 4.01 8.71 4.12 
l. 32 1.51 l. fe ],42 
4. 81 US U7 U,1 

4.05 
U5 
uo 

m~ me &Maw a73 ~~ ~~ 
~ ===!====~=== a~ au aff zw LM &m 110 

4.00 4.M 1~ ~~ ~G 4.88 4.~ 
L~ &ff LM L89 &~ L~ &ru ------------

Slll!l (ll!lloDS)........... 10. 2! 10. liO 8. 89 10. 20 10. 88 U3 10.112 

~.=a ................. . 
~-=i-·---·-----·----
BC 011----········--····-
so,. ··-·········-········ CL ••••••••••••••••••••••• 

Ue111 

'° 13 
47 
112 
49 
111 

1831 

at 
14 
47 
ao 
4e 
at 

11132 

= 
u tl 
18 14 
42 .a 
17 30 

" 81 
111 19 

11133 11134 

D~: 
Wat.er c--reeo .......... s1s. ooo .567. 2e0 liOO, I80 508. uo 
Dlalolved iiollda (tonal ..... 671, Jal e&l . .'.124 70!, :::13 lk.1, ::W 

, 
Tam per ..i,..1oot ••••••.•• l . .:JO l.Xl 2.::7 1.16 
Coml~-----······-- laL l 1J2.0 m.1 137.8 
Slll:11 (lDlll.leQuivllimta) ••• II0.82 31.111.1 :Illa. 2l :lS.25 

OoDatlmmia <tom): 
Cllloll:lm (Ca(:"" .•••••••••• 75, 1118 78, 1133 7U80 68,818 

=::u:d M~iuii'wn- ll, 1171 111,aot ]7,847 15, Oll3 

(Na+][} .••........ -- ... 13'7,448 1615,431 1211, llil2 IIU,'W 
BIOll'boDato (BCOa) •••••• 84,933 m. 705 94,874 15,801 ·=~ (804'--·······- m: :Ul,432 U,M7 :il07, 8118 
C dc:ACI) •. ---··· •••• 149,,. 1111,709 106, 04 
NI~ Oa) •••••.•••.••. 

Com~Uc:m ~equlv-
aiBilts); 

Ca. ••••••••••••••••••••••• 1.N UG ug us 
tit..::::::::::::::::::::: 1.81 2. 06 1, Tl 1. 'Ill 

8.48 s. 71 U2 7.33 

Bum(~ ••••••••••• 15." 16.111 IUII 14.10 

:e:oo ..... ---··-·--···· :l 1118 3.114 1.83 uo 
so ....... ---····-······ &.83 G..112 4.lle I.lie 
Cl ••••• - ••••••••••••••••• UIO G.'5 4.0C U11 
NO.__ ••••••• - ••••••••• ........ -........ ............ _ ... ... ............. ................. 

Bmn (u!Jom) ••••••••••• 14.18 11.01 11.U 1Ull 

~-·······-~---····· Ill 1113 IN • ~------......... 10 :I.II M lll 
16 Ill m Ill 

»~---···--···- ta • fi Ill 

~:::::::::::::::: a 41 to * 11 14 11 11 

'° 10 

" 211 
152 
JO 

11135 

-
2511, 1110 
56ij, 7:l8 

1.24 
12:U 
27.91 

80, 9111 
11,11811 

J(l3,IJG1 
1!8, 195 

1811,008 
91, 73!! 
1,188 

U7 
1.83 
7.10 

lJ.8111 

3.15'1' 
U2 
4.13 
o.m 

14. 05 

fJ 
II 
Iii 

= 

42 
14 

" 29 
11 
20 

1936 

--
4'1'3, 740 
5"0..:tl:l 

l. UI 
1211.D 
:1'1.28 

a.m 
U.IQ:l 

103,B 
lllil.~ 

187,849 
lll,U7 
:,, 1118 

f.D& 
1. 'I'll 
G.1118 

lJ.83 

Ull 
G.07 
11.11111 
0. OIi 

U.llli 

: 
= = 

41 
14 
45 
11 
411 
20 

M111o11 --
522.7M: 
637, :l6S 

l.22 
w.2 
:i& 71 

70,288 
15, MG 

124,21'7 
81,407 

210,000 
ll2, 71ft 

1,661 

4. 95 
1. 79 
7.69 

1U3 

3. 74 
G.18 
4.46 

IUI 

115 
12 
lo1I 
lll6 
a 
11 

this station also the mean m:mua.l concentration of the 
water ranges between rath6l" na.rrow llmit.e. A fact 
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TABLE 25.-Foben,-Tonu'llo gaging 11talion, Tl!'l;J:as, elwwing the 
quantitiea of water, of diesollled solida, and of eiach of the more 
importam ao:U eonstit~ pueinq th11 smCion during each 
C'-llimdar year, 19S1-36 

Item 

Disebu"P: 
Water (acre-feet)-•••••••• ill!IO, IIOO 291. 800 328. &10 :m, il9 1115.11811 224. '21:l 2&1, 123 
Dbaol•ed aollda (tom) •••• 571, * M4, 431 &&, 9111 ffl, 00 394, SHI 433, 1411 4116, OH 

Conoenw,lons: 
Tollll per acn-foot......... 2. 04 l. 87 1. ?I! 2. 00 2. 02 l. QG 1. 113 
Conducta!lce.............. n. 2 1118. 7 185. 1 221.11 ml 245. 2 :t12. o 
Stun (mUliequJvalents)... 411.118 46. OC '8. SID 4G. :11:l 46. 07 K 17 45. 51 

-Qml!ittoents (tons): 
Call!ium(Ca) ••••••••••••• 63,033 53,618 86,130 G,S17 38,3611 t2.131l 47,801 
M!lillesllllll CM£) ••••••••• 12,005 IJ..1192 H,OIIO 9,1187 8,898 10,212 11,8116 
Bod!um (Nal--·-········· 127,731 122, ~ 118, Z.00 Vl.lX!ll 79. Im 87,021 lOf,4:!l 
Blctabonate (BCOa)...... S8, 007 M, 068 GO, no 40,305 34,572 38, lfll ..,, 867 
8alphat6 (SO,J •• ---·--·-· 1'9,223 11>1, 71!3 156. 958 124, HG 105,825 ~.1l8!1 135,317 

. Cblorlde (Cl) ••••••••••••• I.S8,SM 146."/001311,670 111,276 W,&54·1~300 12G, 776 
Nitrate {N01)............ ••••••• 649 729 889 

==== = ===== = =====z_ 
O<mloosltlou (mllllsnm,. e-

qafvalellts): 
Ca. •••.•••••••••• ·····-··· 7.IN! 6. 76 6.28 7. lll 7.21 e.90 7.05 
Ma:....................... 2. 61 2. 78 2. ffll 2.114 2. 7S 2. 7S 2. 611 
Na........................ 14. 58 13. 48 11. llO 13. 08 13. 00 12. 40 13. 01 - ------------

Bum (cations) ........... 25.15 23.02 :.J.37 ZUl 22.06 .nos 22. 75 
==l==ll===il===l=f==!=,= 

BC01---·····--·-·-···•• 4.M 4.47 4.'1 4.l!S 4.26 4.IO 4.38 so,....................... 8.16 8.13 7. 112 8.156 8.211 8. 26 8. 12 
01---···---········-·--·-· 11. 71 10."2 8. BO 10.88 10.152 9. 72 10. 26 
N01...................... ••••••• ••••.•• ••••••• ••••••• .04 .6' •••••.• i------~~~-------

Slllll(IIDIO!lll) •••••••.••• 26-61 23.02 2>.83 ~211 23.11 22.12 22.76 
p-~: 

Calcium.................. 32 

~~~~::::::::::::::: ~ 
Blcllrbonate............... lV 
Bnlphate.................. 113 
Chlorlde •.•••. ·- .••••.• ••• 48 

2ll 
12 
IHI 
19 
38 
45 

31 
13 
156 
21 
88 
43 

31 
l2 
87 
JU 
87 
« 

31 
12 
&7 
lS 
3& 
411 

32 
12 
156 
111 
37 
« 

31 
12 
51 
111 
311 
~s 

TABLE 26.-Fort Quitman gaging atation, Tuai showing thll quan
tities of water, of total diBBolved aolid8, and of each of the more 
important salt comtitumu pauing the station during 11ac:h calen
dar year, 1lJ!J1-!J6 

Hem J 111.'ll j 1oaz 11933 111134 / 1935 1193G I :P.frnn 

Dllcharie: I . _l_i_ 
Water (aere-leet} ••.••.•••• !212,000 211. rail21J.. 'l1IO 102.3&:illU. 380 H11.0001n2. 3i3 
Dwolved sollds (tons) .• ..\63.\ !30 573. 821 .'l82..122 312. 5116 :m. 207 42.5. 500,473.1211 

:;:;nC'f'!ntrntions;, 
'.:onso,er3.i..-re~J·oot _____ : ___ , 1.00 ..!.:':i ;.72 ~.iJ5 ~.!3 !34 ·~;5 
Conductance .• ---·........ ::07. l 300. s 268. 2 341. 3 283. R 332. o 2115. 7 
anm(m!lliequlnlents) ••• 7U11l 70.17 62.63 1111.02 U.INl e&.2'1 115.81 

Oomtltaents (tons): 
Calcium (Ca) .•••••••••••• ro,:m 50,9113 49,933 26,769 27,871 38,837 t0,'179 
M1111:1es!um (Mr>--------· U,1KICI 13,114 12,258 G,114l G,437 9,267 10,002 
Sodium and potassium 

(Na+K) •••••••••••••• -. IIIU47 l49.11Cl7128 ~ 8Ull6 116.699 ;2.M7 lll.633 
Blelrbonate (HC01) ••••• _ 117,W M,343 &5,800 17,005 19,707 24,859 211. 522 
Sulphate (SO•l-------·-·· 137,882 134.0IIIS 1.29. 801 118, ,1& 74, 118 1111, 322 l07, 256 
Chloride !Cl) .• - .•••••• - •. %!,(,OM 213,641 1M, 23l l00, 1:s7 114, 4127 136, 1126 180, P24 
Nitrate (NO.)............ 4eo 762 Oil 

f===l==I== ==z=·=====s=-= 
Cc11nposJtlon (m.llll£%11,lll equi•· 

~~~:·-·······-··-·-······ S. 72 8.88 8.811 UI 7.05 9.54 8. 70 
Mu:-----·------··---·-·--· 3.42 3.'NI 2.4'7 4.10 2.158 3.15 3.-Sl 
N•-·-·········-·······--·· 2-U8 :t2. 'l'O lll. 211 20. llO 14.157 111. 78 20. 70 ~-,------~~--~---

Bum (cations)........... 17. 12 ISS. 34 al. 28 14. SI 2l. 40 33. 07 32. 91 = >==== 
BC01.................. ..• 4. z 4. UJ 4. 04 4. oo a 21 , 01 a. w 
80t-···················--. D.116 V. 73 9. 29 Ill. 25 7. 81 10. 17 9. &3 
CL ••••••••.••••••••••••• 22.87 20.98 1.8.04 ll0.28 1,1.'8 IJ!..116 19.34 
NO*····--···-·······-···---···-····--·· ....••. ····---....... .00 .6' - -Sam (IID.iom) ••••••••••. 17.08 kD 11.17 H.51 x.1111 33.:ll 22.IIO 

Pem!nta&,i: 
Calcfwn.................. IN 21 28 28 29 a 26 
=:um............... J M 1~ ~ M M M 
Bh:mbom.te._............ 11 ll 13 n 13 l~ lll 
Bi;tlpb!lte •••••••••• _....... :r1 28 80 80 32 11 :It 
Cllklrlde----············· t3 ao 57 m 55 117 !Ill 

not shown in this summary table is that the concentra
tion of the water passing the Courchesne station is much 
higher during the winter months than during the sum-
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mer. This is doubtless due to the higher proportion of 
drainage water in the stream during the months when 
the gates at Elephant Butte Dam are closed. 

Table 25 gives the mean an.nueJ data for the stations 
located at the head of the Tornillo canal, near Fa.hens, 
Tex., and at Tornillo Bridge, near Tomillo, Tex. The 
water samples have been taken at the head of the Tor
nillo canal and the discharge reported represents the 
discharge as measured into the cnnnl, together wit.b 
that of the river at Tornillo Bridge. The quality of the 
water sampled at this station is influenced by the drain
age water returned to the stream above the snmpling 
point. But not all of the drainage from land served by 
irrigation water diverted above Fabens gets back to the 
river above that point. For example, some of the water 
diverted from the river at El Paso into the Franklin 
canal is taken from that canal through the Island 
Feeder to supply land in the upper part of San Elizario 
Island. The drainage from that area is returned to the 
river below the Fabens-Tornillo station. At this sta
tion as at Courchesne the annual mean concentrntions 
of the water fluctuates within a nBJTow range but 
monthly means, not shown in this summary table have 
a much wider range of fluctuation; the lower values 
occurring during the summer months. 

The final table of th.is group, 26, shows the summary 
of conditions found at the Fort Quitman station. This 
station is located about 35 miles below the Elephant 
Butte project and an of the drainage from the lands of 
that project, as well as drainage from other irrignt,ed 
land contiguous to the river, returns t.o the river nbove 
the station. The annual volume of dischnrge nt Fort 
Quitman 'Varies JJetween wider !im_it.s ~hnn •!mt .. nt. the 
3tn.tions i>etween it anc:i the resen-ou nnci the concentra
tion abo is more variable. There is on inverse rorreln
tion between volume of discharge and concentration but 
it is not very close. 

It remains now to review and discuss t.he conditions 
of discharge and sa.linity as found, for the 6-yea.r period, 
e.t each of the fiye stations m the Elephant Butte 
project and to show the trends from station to station. 
Before proceeding to discuss the more important phnse 
of this subject it seems proper to call attention to the 
conditions in respect to the seasonal volume of discharge 
of water at the several gaging stations. This m.a.y be 
considered in two ways, one relating to the character
istic monthly discharge and the other to the variations 
in annual discharge during the 6-year period ending 
with 1936. 

It may be noted again that the purpose of Elephant 
Butte Reservoir is to regulate the supply of the Rio 
Grande so as best to serve the irrigation requirements 
of the land below it. Consequently, water is released 
from the reservoir only as it is required for irrigation 
use. In table 27 is shown for the year 1936 the percent~ 
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Q,udity of Water 

age of the total annual discharge that passed ea<'.h 
· •ion in each month. 

Month 

Jan11a17 ••..•..•.•••••..••••••• 
February ••.••.•..... -••...••. 
XuclJ ••..•..• ····-- ......•••• 

tr.::::::::::::::::::::::::::: 
Jnne. -·------ ----- ..........•• 
lilly-·----····-----····----··· 
A.lliUSt--- ••••• -- ... --••• -·-. --

~~~:::::::::::::::::::: 
NofflDber •••••••••.••• -.••••• 
Deeember ••••••••••••••••••••• 
'l'be Jil8J' (acn!-feet) ••.•.•••••• 

0. I 
2. 4 
7.11 

lt.2 
13.4 
10.4 
)7.11 
17.4 
8.2 
.8 
.8 
.!I 

747,120 

0.6 
1,9 
7.3 

13.5 
13. 0 
JI!. 2 
17.7 
17. 7 
9.1 
1.8 
l.3 
l. 0 

093,260 

I.II 
2.3 
6.2 

10. t 
13.2 
13.3 
)6. 2 
18. 8 
JO. G 
3.8 
:u 
2.5 

m,1w 

u 
(. I 
G.O 
7.0 
11.0 
9.2 

11.4 
14.0 
17.8 
e. 7 
u 
"-4 

:124, 420 

1,6 
ll.3 
3.8 
3.1 
~-2 
6.3 ••• 7.4 

~.o 
13. 6 

11.2 
10.2 

149,690 

It will be seen that at the outlet of Elephant Butte 
Reservoir the monthly discharge was above 10 percent 
from April to August, inclusive, and that it was below 
1 percent from October to January. The regimen was 
much the same at Leasburg Dam as at the reservoir 
outlet, for obvious reasons. At Courchesne the period 
during which the monthly discharge was above lO per
cent extended from April to September, inclusive, and 
maximum percentage occurred in August, rather than 
in July, as at the reservoir. The lowest percentage was 
r•--. in January, but it was 18 times as high as the per-

i.ge for that month at the reservoir. At Fe.hens 
. . monthly discharge did not reach 10 percent of the 
total until July and reached Ha peak in September. At 
Fort Quitman the period of highest discharge extended 
from September to December. It is probable that the 
h~h ?ercentage_s :eported for ·F3.b.ens :md 7ort Quitman 
for 3eprember 1936 may have been ca.used in part by 
the run..ofi' of local rains. However, the evidence seems 
convincing that the .irrigated land in each division of 
the project acts as a reservoir to equalize the discharge 
of the stream and to delay its peak at the lower stations. 

The other aspect of the discharge regimen of the 
stream has to do with interannual variations at the 
several stations. This may be illustrated by the data 
of table 28. In this table the total annual discharge 
at each station is referenced to the mean annual dis
charge for that station for the 6-yea.r period ending with 
1936. It will be seen that the narrowest :range of these 
percentages occurred at the reservoir outlet. This is to 
be expected. The greater significance of the table 
seems to be that the effects of the drought of 1934, with 
its consequent depletion of the reserve supply in the 
reservoir, were more pronounced and protracted at the 
lower stations of the project. This condition of a.ff airs 
probably has .an important bes.ring on the salinity 

'itions within the project. 
Ol'der to illustrate oon.cisely the conditions of 

11&1Jmty within the project, attention may now be called 
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to the do.ta assembled in table 29. This table com
prises the mean values for the 6-year period ending in 
19361 in respect to the quantities of water and of dis
solved solids passing each station, the concentration of 
the water, and the tonnage of each of the major con
stituents of the dissolved solids. The table shows that 
as the rive:r flows from Elephant Butte Reservoir to 
Fort Quitman it loses water progressively. It loses, 
in fact1 about 600,000 acre-feet annually. This water 
is presumably dissipated by evaporation and by tran
spiration from plants. The river apparently loses some 
dissolved solids also. The quantity lost between the 
reservoir and Fort Quitman has been about 150,000 
tons annually. As a result of these respective losses 
the concentration of the water at Fort Quitman is 
approximately 3.5 times greater than at the reservoir. 

T,U!LE 28.-Th.e annual diaeharge of water at the :fi1Je stations of 
Elephant Butte project, e:tpressed as percentages of the mean 
annual discharge for ,he 6-year period 19SJ-S6 

Year E!eph&nt Leasbum 7b~~ Fabcns, Fort 
But!<! Dam che!e) Tomlllo Qullmac 

--------1---1--- ----·-----
11131. -------- .• -- ...... -- .... .. 
11132. ·- .... --- ................ . 
1933. ------- ----- .•.....•...... 

ii:::::::::::::::::::::::::::/ 

98.0 
108.6 
107.1) 
lOU 
83. l 
lrl.~ 

1111.0 
109.3 
110. 6 

103. l I 114,9 
113. l 

119.1 
108.~ 
1)5. S 
97. 3 
88.0 
VO. e 

108. g 
ll3. 5 
127.8 
86. 5 
711.0 
87.3 

123.0 
122. 5 
124. l 
SG.3 
84.3 
ae.s 

TABLE 29.-TAe Rio Grande in the Elepho.nt Butte project, New 
M e:i:ico and Teza,; dilcharge conditions at flue control 11tatiom; 
mean, for 1931-36 

Item 
h El Paso 

Elcp ant Leasburg ( Cour• 
Butte Dam cheme) 
outlet station 

Duella.rgc: 
Water (acre-feet) ......... 766,131 744,082 522, 7.'i8 
Dl&!olved sollds (IQos) ... _ 619, 90g 1147, 406 63i, 96S 

Corl!lllllltrations: 
Tomperaere-loot ......... o. SOil 0.87 l.22 
Conductance •...•••....•.. 87. l GUI 127. 2 
Bw:n (mllliequivalents) •••. 

Connltuenu (tons): 
lll-32 111, lrl 28.11 

Cal.clmn (Ca) ............. 78.:m 81,810 70,288 
M:cum (Mg) ......... It!, 9112 17,876 1.6, 546 
Bod um (Na) .............. ijG,561 1,1!3, 00,I l:U, 297 
Blearbonate (HCO,l ...... 94.440 95,778 81,407 
8ulfcll3te (80,) •.........•• 234,731 238,1189 210,000 
Ch oride (C'I) .......... - .. .56, 744 72,392 112, 716 
Nitrate (NOa) ••••••••••••• 349 l,289 1,661 

Fabens- Fort 
Tornillo Qu!tmall 
statioll si&Uoll 

257,123 
4116,014 

1.00 
212.0 
45. 51 

47,001 
11, 31l6 

!Of. 420 
46,876 

.13.5, 317 
12G, '176 

689 

172, 3, 3 
2ll 473, l 

2. i 3 
7 
I 

2115. 
&.8 

40,, 'j79 
002 
533 
22 

10, 
m. 
28, 5 

10:l'i 256 
4 
J 

160,92 
61 

It will be seen that the concentration increases pro
gressively but notate. uniform rate for the three major 
divisions, and the loss of dissolved solids does not occur 
uniformly throughout the length of the project. In
deed, there is shown to be a gain in the total salt 
burden of the stream, as between the reservoir outlet 
and the Courchesne station, of nearly 28,000 tons 
w:mually. The losses of dissolved solids occur below 
that point; .the indicated losses between Courchesne 
and Fort Quitman being approximately 165,000 tons 
annually. It is obviously not to be inferred that all 
of the dissolved solids shown to be lost from the stream 
between these two point.a are deposited in the soils of 
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the El Paso Valley division. The data available do 
not appear to warrant definite quantitive eonc]usions 
as to where these dissolved solids a.re deposited. But 
pe.instaking consideration of the available data and 
reviewing of the computations by which the summaries 
of table 29 have been obtained leads to the belief here 
stated, namely, that there is a very substantial quantity 
of soluble solids deposited annually somewhere along 
the Rio Grande between El Paso and Fort Quitman. 

In view of this finding that there is a substantial 
loss of soluble solids from the Rio Grande as it flows 
th.rough Elephant Butte projectt it is pertinent to 
consider how this loss is allocated among the major 
constituents of these soluble solids. The data bearing 
on this question are also presented in table 29. In 
:respect to the six major constituents and the total 
dissolved solids, expressing the quantities annually 
passing Fort Quitman as percentages of the quantities 
released from Elephant Butte Reservoir, we have the 
following: 

Constituent: hrmla,t 
Calcium. ___ .. ____ . __ . ____ - _. ___ . _ - _ - _. 52. 1 
Magnesium. ______________ . _. _ •. - _ - _... li9. 0 
Sodium __________ . ___ . ____ ._. __ -------. 115. 6 
Bicarbonate ____________________________ 30.2 
Sulphate _______________________________ 45. 7 

Chloride •• _____________ - - • - • - - - - - - - • - • - 283. 6 
Total dissolved solids _______________ •• 76. 3 

It is manifest that there a.re great differences among 
these several constituents in respect to their transport 
along this section of the river. Referenced to the 
quantities released from the reservoir, there is a range 
from an apparent loss of 70 percent for the biC&l"bonate 
to an apparent gain of 183 percent for the chloride. 
Oi' the six constituents listed, four show losses and two 

, 3how ;sins .. 
It was noted above that in respect to the toW dis

soJved solids there was no loss but apparently a Blllall 
gain occurring between Elephant Butte and Courchesne 
(El Paso). An inspection of table 29 sho'1."S that 
between the Bll.lne points there are slight losses of 
calcium and magnesiwn, somewhat greater losses of 
bicarbonate and sulphate, and substantial gains of 
sodium e.nd chloride. Between E] Paso and Fort 
Quitman there are substantial losses of all constituents 
except chloride. These diff'erences among the con
stituents in transport behavior are refiectedJ of course, 
in the percentage composition of the constituents as 
reported for these seven.I stations in tables 22 to 26. 

The question natunlly arises as to the pro(leS8El8 by 
which these changes in alt composition OOine a.bout. 
I! we had to oomider m:uy the relative quantities of 
total dissolved solids u between Elephant Butte and 
Fort Quitman, it could be assumed that a certain por
tion of the quantity puaing the upper station was 
deposited in the soiJ somewhere between the two sta,.. 

Rio Gra11,(U Joint Inveatigation 

tions. In other words, that during the period of record 
there had been an adverse "salt balance'1 in the soil ol 
the area of 146,000 tons per year. Or, to localize 
more definitely as between Courchesne and Fon 
Quitman, it might be said that there ha.d been deposited 
in the soil annually 165,000 tons of dissolved solids or 
duriDg the last 6 years a total of 990JOOO tomi. 

I! we turn now to the evidence furnished by the 
data as to the several constituents, it becomes evident 
that the situation is not quite so simple as that. We 
have to deal with the fact that during the same period 
the quantity of the chloride constituent passing Fort 
Quitman has exceeded the quantity released from the 
reservoir by 104,000 tons annua.Ily, or 624,000 tons for 
t.he 6--year period of record. Conversely, to consider 
one other constituent, sulphate, the data indicate that 
the quantity pa&UD.g Fort Quitman was less than the 
quantity released from the reservoir by 127,000 tons 
annu&lly or 765,000 tons for the 6--year period. These 
facts do not fit into the mp]e theory of salt deposition 
in the soil. 

We :might attempt to explain the losses of tonnage 
for such constituent.s as calcium, bicarbonate, and 
sulphate by assuming that as a result of solution con
centration in the soil these constituents were pre
cipitated out of solution because they unite to form 
Balt.s of low solubility. But no such line of reasoning 
may be invoked to explain the increase in the tonnage 
of chloride. Nor is this increase of chloride tonnage 
to be explained n.s coming into the area through trib
utary streams, bec!\use there arc no streams of impor
tance to bring it in. 

We are thus forced to the conclusion that the increase 
in cWoride tonnage passing ?ori._'~uitman'.'..ias origmatcd 
within the area between that station and the reservoir. 
This conclusion, if it is warranted, has implications of 
profound significance. The most acceptable among 
the several theories that have been examined to ex
plain these facts is one that may· be designated the 
theory of displooement. 

It wa.s pointed out above that in respect to the 
seasonal inflow a.nd outflow of water, ea.ch division of 
Elephant Butte Project seems to function as an equal
izing reservoa. It is here suggested that thls reservoir 
efi'ect is indicated also in respect to inflow and outflow 
of the salt constituents. It is accepted as a le.ct that 
the valley th.rough whleh the Rio Grande :flows is a 
deep trough filled with sediments and that these sedi· 
ments a.re uturated with water almost to the ground 
awface. Thus each division is thought of as a reservoir 
filled almost to the surface with ground water. 

According to this theory of displacement it may be 
assumed that a substantial proportion of the water 
divmied from the stream and not dissipated by evapora
tion percolates through the subsoil to join the ground 
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water, and that instead of moving thence la.ten.Uy 
• -.,_g the surf ace of the ground water to the dra.iru!J it 

~s the ground water in the vicinity of the drains to 
__ ., into them as the result of hydrostatic pressures 
transmitted from the areas of freest percolation. Thus 
the inflowing :river water, distributed through the irri
gation system, replaces in part the ground water hither. 
to present in the subsoil and ca.uses a corresponding 
quantity of ground water to pus out through the drains. 

This theory seems not unreasonable and appears 
adequate to explain the known facts. Its validity, 
however, depends upon the existence of conditions not 
demonstrated by the present investigation. Fo:r 
en.mple, the theory requires that the ground water 
hitherto present and assumed to be displaced by the 
surplus irrigation or percolating water shall contain 
very large quantities of chloride. It is necessary to 
explain the origin annually of 104,000 tons of chloride 
from within the area in question. The present investiga
tion did not include an exploration of the deeper ground 
water in the sediments of the El Paso Valley. If subse
quent investigation should show that these valley 
sediments do contain a Ia.rge body of ground water 
with high chloride concentrations the theory of dis
pl&ooment would gain plausibility. On the other hand, 
if that condition could not be demonstrated the theory 
1117f'luld be less aooeptable. 

·,e agricultural implications of the conditions here 
.ISSed merit consideration. If we could leave the 

main body of ground water out of account and assume 
that the surplus irrigation water percolating through 
the soil moved laterally to the drains, we might assume 
that the increase in r,hloride between the :reservoir !md 

, Fort Quirnia.h ::-epresenteti ;he ::-emovaJ. of duoriae 
from the soil. The annual :removal of 104,000 torus of 
chloride from the root zone of 150,000 acres of irrigated 
land might be accepted as appreciable progress in 
reclamation or salinity removal, even if at the same time 
it was admitted that in respect to the total dissolved 
eolids there was an adverse salt balance of large pro
portions. It could be suggested that the loss of total 
ton.nage between the reservoir a.nd Fort Quitman wa.s to. 
be explained a.s consequent upon the precipitation in the 
110il, in s. hs.rmless state, of the salts of low solubility. 
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It must be admitted, however, that such facts as are 
avails.ble do not appear adequately to support the view 
that the changes in chloride oonce.nt:ration of the water 
that occur between the reservoir and Fort Quitman 
are consequent upon phenomena that occur within the 
root zone of the soil and above the surface of the sub· 
soil water. Were the theater of such changes as are 
indicated limited to the soil of the :root zone, it seems 
inevitable that the evidence of their effect would be 
more apparent than is the case. 

lf we consider now the transport behavior of the 
sodium constituent we :find that it does not follow tho.t 
of either the chloride or the sulphate. There is an 
appreciable gain of sodium between the reservoir and 
Courchesne and only a slight loss between Courchesne 
and Fort Quitman. It is known that the cation con
stituents of these salts participate in reactions of base 
exchange in the soil. It seems highly probable that 
it is as a result of such reactions that the transport 
behavior of sodium differs so greatly from that of 
chloride, its natural associate. While no evidence is 
here presented to support the view, it seems probable 
that under e.risting conditions in the Elephant Butte 
project base exchange reactions are taking place 
on a large sea.le and that sodium is being absorbed 
by the soil of the root zone in place of calcium and 
magnesium. 

In sum.m.a.rizing and :reviewing these data. concerning 
the concentration and composition of the dissolved 
solids carried by the Rio Grande through the Elephant 
Butte project the aim has been to show what the con
ditions are in the river itself. In presenting these 
findings it is ha.:rdly ,ossible to woid 1:llf erences 1Jr 
implications in respec·i oo conditfori.s iii lhe .irrigateci 
a:reas served by the stream. Indeed, there has been 
no conscious attempt to do so. However, the investiga
tions covered by this report have been limited to the 
quality of the surface and ground waters of the drain
age basin. The aim has been to assemble, present, 
and interpret the available facts pertinent to th.is sub
ject. What these facts may imply in respect to the 
problems of agricultural production on these irrigated 
lands is unquestionably a subject of importance but it 
is another subject. 
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PART IV 
SECTION 7.-SALT CONCENTRATION AND SERVICE EQUIVALENC~ 

In the preceding chapter it has been shown that as 
the Rio Grande flows southward from its source in the 
mountains of Colorado, its water becomes progressively 
more saline until it passes out of the area at Fort Quit-, 
man, Tex. Throughout its course, water is diverted 
from the stream for irrigation. It is accepted as a fact 
that when irrigation water is applied to the la.nd some 
of the water, usually the major portion of it, is evapo
rated from the soil or transpired by plants. The re
maining surplus, if any, passes away either by down
ward percolation, or by moving laterally, escapes as 
subsoil drainage. Because of the losses by evo.pora.tion 
and transpiration, the residual water becomes more 
concentrated with the residua.I soluble material. Thus 
the soil solution in irrigated land is normally more 
concentrated than the solution with which the soil is 
irrigated. 

Another a.ccepted fact is tha.t as the soil solution 
beeomes increasingly charged with soluble material it 
becomes less suitable as a. source of water supply for 
pla.nts. It is probably not true that there is some 
11critical concentration" below which plants do well and 
above which they fail. There are, doubtless, optimum 
concentrations in respect to each coriatituent of the 
soil solution but these optimum concentrations are very 
low as compared to the concentrations which cause 
visible symptoms of plant injury or ~ 11erio~s impair
. .:nent of growth. ---!t ;eems unquestionable ~hat when 
the salinity of the soil solution reaches concentration 
ranges that ca.use obvious plant injury conditions a.re 
far beyond any theoretical optimum and remedie.1 
measures are indicated. 

In dealing with the sl:ibject of irrigation salinity, it 
should be kept in mind that the sphere of interest lies 
in the soil solution rather than in the irrigation water. 
It is easier to obta.in sa.mples of irrigation water than 
of the soil solutiont consequently we know more a.bout 
conditions in the former. We know also that the soil 
solution is always more concentrated than the irrigation 
wa.tert but how much more so depends upon what pro
portion of the water applied to the soil surface ultimately 
pereola.tes through the root zone and escapes below. 
As the proportion of the volume of root zone percolation 
to the volume of water applied increases, the difference 
between the concentra.tion. of the soil solution and that 
of the irriga.tion water diminishes. Consequently, be
ca.use it is manil'estly desirable to a.void injurious con
centration of salinity in the soil solution, it follows that 
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with more saline irrigation water it is necessary to 
apply larger quantities to the soil than would be 
necessary if the water were less sa.line. 

These premises lead naturally to the question: What 
increase in application is required for a given increase 
in the salinity of the irrigation water in order that a 
given concentration of the soil solution should not be 
exceeded? The essential elements involved in this 
question may be defined and eva1uated for any given 
situation and brought into an equation that illustrates 
the theoretical relationships.1 There a.re at least 4 
essential elements to be considered in this problem. 
These may be enumerated and described as follows: 

(1} Consumptive u.se, i. e., the quantity of water, in depth per 
unit area required to support crop growth and meet evaporation 
losses. This may be designated as D •. 

(2) Irrigation requirement, i. e., the quantity of water, in 
depth per unit area required, not only for consumptive use, but 
al.so to provide 81.lfficient percolation through the root zone to 
keep the concentration of the soil solution below a given ma.xi
mum. Th.is may be designated as Do. 

(3) Concentration of the irrigation water either in respect to 
total dissolved solids or in respect to any constituent regardei. 
u potentmlly most likely to cause trouble. Thie may be 
designated as c •. 

(4) Concentration of the soil solution in the root zone, meas-
ured by the ume st&ndards or as to the same constituent as used 
for the irrigation water. This may be designated as C,. 

, Whence :he ~quudon: 

D (
20.-0. )xn .= 20.-20. •. 

To illustrate the application of this equation to n 
given area or situation, values may be assigned to three 
of the elements and values derived for the other one as 
follows: Let it be assumed that the consumptjve use 
(D0 ) for the situation is 2.00-a.cre feet per annum, and 
tha.t the permissible limit of concentration of the soil 
solution (0,) as measured by conductance is 400; then 
by means of the equation we may derive the irrigation 
requirement (D0 ) for a. series of values for va.rious 
concentration of irrigation water (Ca), 

Wrth C~ a.e below 
(Conductance) 

87 
91 

127 
212 

D. becomes 
(Acre-feet per annum) 

2. 28 
2. 29 
2. 47 
3.13 

• I llol:l3 indebted to Mr. Raymoi,d A. Bill for developing tbl.s eq11&tlou wblcb lllu.o• 
lntai -daly m:v 'l'1IIWS II l.o tlltse relatlO!llhlPG, 
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Quality of Water 

It moy be observed tho.t the values selected for Oa. 
in the above list correspond with the mean conductance 

·es of to.ble 29 for 4 stations on the Rio Grande in 
Elephant Butte project. These values as well as 

the assumption of 2.00 acre--foot for consumptive use 
(D.) and the conductance value of 400 as the permissible 
limit of concentration of the soil solution (0,) are used 
merely tor purposes of illustrating the use of the service 
equivalence equation. It is not intended to imply that 
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2.00 acre-feet of wo.ter per acre is the requirement for 
consumptive use on the Elephant Butte project or 
that a conducts.nee of 400 is the limit of concentration 
permissible for the soil solution of that area. The 
correct value to adopt for "consumpth·e use" in that 
area must be ascertained by appropriate inquiry and 
the value for the permissible limit of concentration of 
the soil solution (0,) must be ascertained locally in 
the same way. 
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PART IV 
SECTION 8.-T HE SODIUM CONSTITUENT OF IRR I GA T.I ON WAT E P 

In the tables of tms report showing the detailed 
analyses of water the value of the sodium constituent 
has been reported not only in terms of milligram equiva
lents per liter but also as a percentage of the sum of the 
cations. The reason for including the second value is 
that the effect of sodium on the physical properties of 
the soil is believed to be related not to its absolute 
concentration in the solution but rather to its relative 
or proportional concentration. 

It has been abundantly shown that the effect of 
sodium in solutions in contact with the soil is deleterious 
to the physical properties of the soil. This is brought 
about through reactions of base exchange by which 
sodium from the solution tends to replace calcium that 
is combined with the soil, the calcium in tum passing 
into solution. Such exchange rea.etions are well known 
and are extensively utilized in the zeolitic process of 
water softening. 

The deleterious effects of sodium combined with the 
soil are manifested by dispersion of the soil particles, 
and by impairing the permeability of the soil to the 
absorption of water or the movement of water through 
it. Soils contsin.ing much combined sodium are also 
more difficult to work into good tilth tha.n the same 
soils containing less combined sodium. 

The extent to which sodium in the soil solution 
replaces calcium from the soil is influenced more by its 
::-ela.tive_ concentr~tion _';O. ~alchnn than by its aoso1ute 
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concentration. Therefore, it is believed that sodium 
percentage is a better expression of relative values 
between different waters than sodium concentration. 

In the present state of our knowledge we do not feel 
warranted in setting a definite limit as the permissible 
sodium percentage of irrigation water. There is sub. 
stantial agreement among those who have investigated 
the subject that, other thin.gs being equal, the lower the 
sodium percentage the better the quality of the water. 
It is also generally agreed that the same sodium per
centage is likely to prove less harmful in waters of low 
total concentration than in waters of higher total con
centration. Finally, it is generally agreed that sodium 
in irrigation water serves no useful purpose and that its 
presence in e.ny concentration is to be regretted. 

In view of these considerations, it may be observed 
that in respect to the criterion of sodium percentage 
the concept of service equivalence does not apply. 
The injurious effects of high sodium percentages are 
not to be minimized by applying larger quantities of 
water. It is possible, however, to offset these in
jurious efi'ects either by ad.cling a calcium salt such as 
gypsum to the irrigation water or by applying gypsum 
to the irrigated soil. To achieve the objective of 
service equivalence it might be necessary to introduce 
into the equation a cost factor by which to compensate 
for differences in sodium percentage between two water 
mpplies. · 
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PART V 
SECTION 1.-INTRODUCTION AND SUMMARY 

Summary 

New Mexico Inveltl1atlons 

San Juan-Olw:ma transmountain diversion.-A mean 
annual yield (1924-35, inclusive) of 350,000 acre-feet 
can be diverted to the Chama River from a watershed 
area of 506 square miles above an elevation of 7,600 
feet on the San Juan River and its tributaries. 

Two plans have been considered, designated as plan 
A and plan B. 

The estimated costs are as follows: 
Plan A, $20,881,000; cost per acre-foot, $59.66. 
Plan B, $17,500,000; cost per acre-foot, $50.00. 
Terminal storage of 300,000 acre-feet to insure deliv-

ery to the Rio Grande of 350,000 acre-feet every year 
from 1911 to I 935, inclusive, 'lrithout shortage, will 
cost for plan A an additional $1,350,000, and for plan 
B $2,500,000. 

If San Juan and Chama River waters are regulated for 
power purposes only, a total head of 1t032 feet can be 
utilized and 250,000,000 kilowatt-hours of firm power, 
with large blocks of secondary power, developed annu
ally, by the construction of four reservoirs on Willow 
Creek, two on the Chama, and utilizing the existing 
El Vado Reservoir, to provide a. total storage capacity 
of 1,067,000 acre-feet. 

Regulation of San Juan and Cha.me. Rivers waters 
for nower onlv. together with Rio Grande waters. -vould 
·iav~ ,Jrociuce·d l ;umcienr, .mppiy at 0towi for all irri
gation requirements of the Middle Rio Grande con
servancy district (1911-35, inclusive) except for a 
minor shortage in 1934. 

Existing developments in the San Juan Ba.sin as far 
down a.s Shiprock; N. Mex., w:ill not be impaired by 
this diversion. Preliminary investigations indicate 
possible future extensions of areas to be served by the 
San Juant totaling 30,000 acres, which will require 
50,000 acre-feet oi storage. A reservoir of 96,000 
acre-feet capacity can be built on Weminuche Creek, a 
tributary of the Piedra, for $2,136,133, or $22.25 per 
a.ere-foot. 

Suue-line ruerroir.-Three possible dam sites were 
studied for th.is reservoir, all of which are geologically 
unfavorable for securing a tight reservoir but favorable 
for construction oi a concrete de.m. Ut.e Mountain site 
was finally seloowd u having better qualliications for 
an all-purpose reservoir. It is estimated to cost 
$2,600,750 for 452,000 acre-feet of capacity. at eleva
tion 7,500, or $5.75 per acre-foot. 
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Colorado lnTeati1atlo111s 

Animas-Rio Gra:n.de transmountain diversion.-A mean 
(1924-35) annual yield of 130,700 acre-feet can be 
diverted to the Rio Grande above the Rio Grande 
Reservoir for a total estimated cost of $10,432,500, or 
$79 per acre-foot, from a watershed area of 129 
square miles above elevation 9,800 on the Animas 
River near Silverton. 

The diversion system as planned comprises a 
reservoir of 54,000 acre-feet capacity at Howardsville, 
a tunnel through the Continental Divide 13 miles 
long, and a collection system 13.65 miles long, almost 
wholly of tunnel or concrete-lined conduit. 

Existing and feasible developments on the Animas 
River below the diversion would have experienced no 
shortages of water in any month of any year since l 91 l 1 

had the diversion been operating. 
Weminuclu Pass tranemountain diversion.-An esti

mated mean annual yield (1924-35) of 20,455 acre-feet 
can be diverted through Weminuche Pass into the 
Rio Grande Reservoir for a total cost of $264,500, or 
about $13 per acre-foot, :from a watershed of 24 square 
miles above an elevation of 10,500 feet on the head
waters of Pine River. 

This mean yield is after allowance has been made for 
no diversions in 1925, 1931, and 1934, due to inter
ference with stor~e development no_w .,.uthorized :or 
,::,onstruction on ..he Pine River project ana after prior 
trans.mountain diversion rights of 4,000 acre-feet have 
been deducted. 

San Juan-So'ldh Fork Rio Grande trammountain 
diversum.-A mean annual yield (1924-36) of 53,000 
acre-feet can be diverted to the South Fork of the Rio 
Grande for an estimated total cost of $5,290,300, or 
about $98 per acre-foot, from a watershed area of 44.7 
square miles on the headwaters of the San Juan 
River above an elevation of 9,050. 

The diversion system consists of a feeder canal 2.6 
miles long from the West Fork of the San Juan River 
to Beaver Creek, a tunnel 3.2 miles long from Beaver 
Creek to a junction with a l•mile tunnel from Wolf 
Creek, and a tunnel 6.7 miles long from the junction to 
the South Fork of the Rio Grande. The total length 
of tU!l.Dele is 10.9 miles. Sites for regulating reservoirs 
have been located above this dive.rsionJ but from present 
data their .inclusion in the project would increase the · 
water yield but little and the project cost much 
more. 
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Water Importation and Storage 

No existing rights on the San Juan beJow the diver
-=..,n would be impaired, but the supply available for 

San Juan-Cha.mo. diversion would be depleted by 
. .: amount diverted to the Rio Grande. 
Oontjos Riotr storage.-Recon.na.issance of the entire 

watershed resulted in the selection of four reservoir 
sites for intensive study, with results as follows: 

No. 1 site.-Poor foundation conditions necessitate 
extreme conservatism in dam design. Estimated cost 
for a reservoir of 100,000 acre-feet is $3,700,000 or $37 
per acre-foot. 

Granite &ite ofl'ers more favorable foundation condi
tions but requires a high dam. Estimated cost for 
100,000 acre-feet is $3,655,000 or $36.55 per acre-foot. 

No. 6 .me.-Favorable foundation and reservoir 
conditions permit construction for 32,000 acre-feet at 
total estimated cost of $608,400 or $19.01 per acre-foot. 

Mogote.-An inland reservoir requiring a. 5-mile 
feeder canal. Only fair geological conditions. For .a 
capacity of 30,000 acre-feet the total estimated cost, 
including feed canal, is $746,100 or $24.87 per a.ere-foot. 

Wagon lfheel Gap dam and reservoir.-A concrete 
arch dam at this site, to store 1,000,000 acre-feet of 
water, is estimated to cost $11,400,000; exclusive of 
railroad relocation and power installation. Potential 
power production at the dam will average 132,000,000 
kilowatt-hours annually, all of which will be secondary 

"lr. Geologic conditions are favornble. 
ega Sylvester reservoir.-Foundation conditions are 

unattractive. Tentative designs and estimates for 
240,000 acre-feet capacity show an estimated cost of 
$4,825,900. 

· · 7'lr e":lVord 

The Rio Grande rises in Colorado, flows across the 
entire State of New Mexico, then from El Paso to the 
Gulf of Mexico it becomes the .international boundary 
between Mexico 11.D.d the United States, and the south
west.em border of Texas. 

Irrigation developments in the San Luis Valley of 
Colorado consume all of the flow of the river and its 
tributaries except for the flood peaks and small winter 
ftmrn. In northern New Mexico the stream is aug
mented by numerous partially used mounts.in tribu
t&ries, reaching a in.roci.mum flow in White Rocks Ca.n
yon opposite Santa Fe. The stream then enters the 
Middle Rio Grande Valley which ends at Elephant 
Butte Reservoir. Stream flow diminishes through 
Middle Rio Grande Valley despite fl.a.sh floods contrib
uted by numerous tributaries. · 

Waters are released from Elephant Butte Reservoir 
only as required for inigation of the valley down to 
F~-1. Quitman, including a supply of 60,000 acre-feet 

1lly for Mexican use by the terms of a. treaty. 

4il 

The reservoir has not spilled since 1924 and was almost 
empty in 1935. 

Below Fort Quitman, Tex., 1rrigation is largely con
fined to an area just above Brownsville, and mainly 
dependent on inflow below Fort Quitman. 

Above Fort Quitman (according to the 1929 United 
States census), approximately 1,000,000 irrigated acres 
a.re dependent upon the river and its tributaries for 
their supply, about one-half of which a.re in Colora.dot 
about 40 percent in New Me:dco, and the halo.nee in 
Texas. 

Limited water supplies have, for many years, been 
the cause of many local .and interstate controversies, 
extended litigation, arrested development, and un
stable economic conditions. 

A compact, ratified by the three States o.nd the Fed
eral Government in 1929, was in the main intended to 
arrest development pending further efforts to arrive at 
a permanent compact. This compact provided that 
not later than June 1, 1935, or such later date as might 
be agreed upon by the signatory States, a commission 
of four members, three appointed by the Governors of 
the respective States and one a representative of the 
President, sha.H equitably apportion the waters of the 
Rio Grande on the basis of conditions obtaining on the 
river and within the Rio Grande Basin at the time of the 
signing of the compact. 

E;l,,.'])erience gained by the Commission has increas
ingly demonstrated the need for a comprehensive study 
of the entire watershed and possible future developments 
\\ithln it, to assist them in making their decision. No 
methods of financing or conducting such a study were 
?rovided :n ~he com-pa.ct 0 

Creation oi the National Resources Committee by 
Presidential order in 1934 brought into existence a 
central coordinating agency with power and authority 
to undertake just such investigation. The Compact 
Commission and the Resources Committee at once 
began negotiations for cooperation in the study. As 
a result, arrangements were finally perfected for partici
pa.tion of five agencies of the Federa.1 Government with 
funds provided in part by the National Resources Com
mittee, the cooperating agencies, and the interested 
States, &11 to be under the direction of the National 
&.,suurceM Committee. Each cooperating agency was 
usigned some portion of the investigations. 

This report sets forth the accomplishment up to 
August l, 1937, of that part of the Rio Grande join.t 
investigation assigned to the Bureau of Reclamation. 

Authorization ud Cost 

That part of the Rio Grande joint investigations 
undertaken by the Bureau of Reclamation, has been 
carried out under the terms of an agreement entered 
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into on Februll.l'Y 28, 1936, between the National 
Resources Committee and the Bureau of Reclamation, 
which reads as follows: 

In order to prepare a report on the Upper Rio Grande as con
templated Jn the request of the Rio Grande Compact Com.mis
sion and in the allotment of funds to the National Resources 
Committ.ee by the Public Works Administration, wammt no. 
222, January 13, 1936, it is hereby agreed that: 

(l) The Bureau of Reclamation 11ill make such surveys and 
innstigations (a) of reservoirs and dam Bites in the basin of the 
Rio Grande, with de.signs and estimated costs of necessary dams 
and related structures; (b) of the possibilities of transmountain 
diver!iion of water from San Juan River and tributaries to the 
basin of the Rio Grande, including storage and the design and 
estimates of costs of all necessary conduits and works; and (c) 
of the poSRibilities and cost of hydroelectric developments in 
the basin of the Rio Grande, including itB economic feasibility 
and the possible markets for and income from the electric power 
to be generated, as contemplated in work sheets filed 'l\ith the 
National Resources Committee, which are subject to such 
modifications as may be mutually agreed upon between the 
Bureau of Reclamation and the National. Resources Committee. 

(2) To meet the cost of the work outlined in paragraph (1) 
above, including payment for salaries, experuies, subsistence, 
equipment, compilation of data, preparation of reports, supplies, 
~d other purposes: 

(a) Contribution by Bureau of Reclamatwn.-The Bureau of 
Reclamation agrees to make available from the funds a.llocated 
to the Bureau by the Emergency Administration of Public 
Works for the purposes herein oot forth the sum of $30,000. 

(b) Contribution by Niuional Rnourcea Committee.-The 
National Resourcei;; Committee agrees upon execution of this 
memorandum of agreement to advance to the Bureau of Rec
lamation from the funds made available to it by the Emergency 
Administration of Public Works for the purposes herein oot 
forth the sum of $60,000 in accordance with sedion 001 of the 

. act of June 30, 1932 (47 Stat. 417). 
(c) Reaerved f undR.-It is understood that, in addition to the 

immediate illotment provided for ln subplll'l!.jp'!lph 'b) 1.bove. 
:.he .:'fatio:fai ·.:lesources C0mm1ttee" expects ·to ,.ieveiop a .eserve 
fund irom contributions to the projl'Ct by other agencies or out 
of funds made available to it by the Emergency Administration 
of Public Works, such sums to be &.llotted by the National 
Resources Committee for the purposes of thls investigation, if 
and as available, to meet expenses in connect.Ion therewith 
among the various &.g-encies party to the Rfo Grande joint 
investigations. 

(3) Repom.-The Bureau of Reclamation agrees to finish 
the compilation of data and the preparation of neceaary maps, 
diagrams, and specifications, and to file 100 copies of a complete 
report thereon with the National Resources Committee not la.ter 
than January 1, 1937, or by auch other daie as may be mutu&.lly 
agreed upon between the parties hereto. 

(4:) Rnernon 0//11,n&.-In the event of fUI1d11 becoming availa
ble from other sourees to the Bureau of Recl1rn•tion for any or 
either of the Plll'p08e8 aet forth herein, or in the event the total 
sum made available to the Bmeau by the National Resources 
Committee under this memorandum of agreement is not wholly 
expended, It is understood that such amounts as may be mutually 
agreed upon betwaw the Bureau and the National. Resources 
Committee shall revert to the reserve fund described in pa.ra
graph (2) (c) above. 

A. short time after the above agreement had been 
signed, the Committee made the following allotments 
and prioriti~: 

Rio Grande Joint Investigation 

New Mexico investigations: 
1. San Juan-Chama diversion ___ ._. ___ •• _ •• __ ._ $35, 000 
2. State Line Reservoir ________________________ 15,0' 
3. Willow Creek or other terminal reservoir______ 5, c; 

Tota1 ___________________________________ 55,000 

Colorado investigations: 
l. Wagon Wheel Gap Reservoir ______ •. ___ •.. _. 10,000 

9,000 
3,000 
8,000 

14,000 

2. Conejos River Reservoir _______ . __ • ____ ••• __ 
3. Vega Sy Ivester Reservoir. __________________ _ 

4. San Juan-South Fork {Rio Grande) diversion .. 
5. Animas-Rio Grande divel"6ion •. _________ . ___ _ 
6. Navajo-Conejos diversion __________________ _ 1,000 

Total. - - - - • - - .... - . __ •• _. _ •• ___ • _ _ _ _ _ _ _ _ 45, 000 

No pa.rt of the reserve fund set up in the agreement 
became available to the Bureau of Redamation. 

In October 19361 an additional sum of $50,000 was 
made available for continuation of the work, from other 
P. W. A. funds. 

Situations developing in the course of the work made 
allotment shifts desirable. All deviations were fully 
discussed with the various interests and approved by 
them before authorized by the Committee or its 
representatives. 

Unsatisfactory foundation conditions disclosed at the 
dam site proposed on the Conejos River ma.de it ad
visable to give consideration to several additional 
dam Bites. Diversion of Pine River waters through 
Wem.inuche Pass was suggested, and this feature w, 
added to the investigation. A. paper study of th, 
proposed Navajo-Conejos diversion quickly proved 
that plan to be infeasible. Several a..lternative surveys 
on the San Juan-Chama diversion were found advisable. 

. Additional dam 3ites for ';he State Line Resen-oir "Vere 
investiga.teci. Preli.m.in~y studies oi power possibili
ties at Wagon Wheel Gap Dam and on Willow Creek 
and the Chama River were made. 
Expenditures as of July 1, 1937; 

Surveye--general. _____ •• __ .•• ___ . _________ _ 
Wagon Wheel Gap Dam .. _________________ • 
Conejos River D&JDB ..• _______ . ___ .•• _____ _ 
Vega Sylvester Dam ______ •• ____________ • __ 

San Juan-South Fork Rio Grande diversion __ _ 
Animas-Rio Grande diversion. _____________ _ 
San Juan-Conejos diversion ________________ _ 
State Line Dam and reservoir ______________ _ 
Willow Creek Dam. _________________ • ____ _ 
San Juan-Chama diversion•----. ___________ _ 

$6,147.39 
13,193.66 
19,973.67 
5,523.80 
3,689.65 
5,436.97 

236. 22 
20,394.05 

200. 38 
47,323.12 

Total _______________________________ 122,208.91 

Plant and equipment •.. -------··----------- U, 187. 80 

Total •••. --------------------------- 133,300.71 
1 Includes 8:l,800 exp11111ded ror lltudles 011 utillmt1011 of San J'ue Rinr below 

Pac- Sprinp ID Cclan4o and Nn M:uleo. 

The item of plant a.nd equipment represent.a ledger 
values of engineering, prospecting, e.nd tra.nsportatior 
equipment, the remaining value of which will be credit&. 
t.o the project as it is transferred to other work. 
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Estimated costs upon completion of the authorized 
nrogram, with credit allowll.Ilces for returned equipment, 

distribution of general costs, compare with the net 
.ments as follows: 

F~prndUurc 
Utilization or San Juan River waters within iu basin 

in Colorado a.nd New Mexico _________ • _______ ._.. $9,000 

Ne"· Mexico: 
San Juan-Chama diversion •••• _................ 52, 000 
State Line Reservoir ___ .. _ - •••... __ •••• ___ •••• 21, 000 
Willow Creek Reservoir_ • _ ••• _____ ••• _____ - - • • l, 000 

Subtotal. ___ ._. ________ • _____ ..• _______ - •. - 74, 000 

Colorado: 
Wagon Wheel Gap Dam_. __ . ______________ ••• _ 
Conejos River Reservoirs __ • _. _____ • _______ •••• 
Vega Sylvester Dam ___ -----. ____________ --··· 
San Juan-South Fork {Rio Grande) diversion .•••• 
Animas-Rio Grande diversion. _____ ••• _____ •••• 
S&ll Juan-Conejos dfrersion. _ •• ____ - ••• ____ - ••• 

16,000 
23,000 

7,000 
5,000 
5,700 

300 ---
Subtotal._ ..•. - - _ - •••. _. - - - - - •• - - - - -••• - - - . 57, 000 
Grand total. •• ___ ••••••.• ___ ••• ___ • ___ • _ _ _ _ l 40. 000 

Conduct or lfork 

Initial surveys, dam site exploration, and geological 
examinations were begun at Wagon Wheel Gap and 
Vega Sylvester dam sites late in April 1936. On May 
I, 1936, two surveying crews were started on the San 
Juan-Chama diversion. Thereafter, from four to six 
crews were employed continuously until July l, 1937, 

'}t for a 6-weeks lay.off in February and March 
, due to extreme bad winter weather. Diamond 

antl rigs were moved on to the Wagon Wheel site in 
July 1936, and after completing the work at that site 
and Vega Sylvester, started work on the Conejos River 
site. The rigs were released to Western Slope surveys 
during 'lle :a.tter. :iart ,)i 3entember and :::-eturned '..o 
drill a-t the State Line site on December 1. Additional 
drilling on Mogote Reservoir, Conejos River, and State 
Line sites, was continued until April 15, 1937. A churn 
drill rig started work on the Conejos site in July 1936, 
and finished at the upper West Fork site in October of 
that year. 

Test pit crews wert' working at Vega Sylvester site 
in April, Conejos site in June, and on the four sites on 
the San Juan River until late in November 1936, when 
they moved to the Mogote site. Thereafter, they 
worked on the State Line and Stinking Lake sites until 
February l, when this part of the work was discontinued. 

Four-man plane-table survey pa.rties1 consisting of 
the mstru:mentman, a :recorder, a.Dd two rod.men, 
were used on all reservoir and da.m topography. 
Transit parties comprised a tra.nmtman, a flagman, 
two chaimnen, and an a:mum. Only one transit party 
was used on canal location, while on strip topography, 
a:nd on reservoir surveys, there were at times five plane-

parties at work. 
~h diamond drill was worked two shlfts, the crews 

comprising a driller and two helpers on each Bbift. 
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The churn drill was worked two shifts part of the time, 
but only one shift for the remainder. One driller and 
one helper comprised the crew for each shift. 

Surveying crews and geologists used five station 
wagons and three sedans; the diamond drill crews had 
a l H-ton truck and a pick-up available. Occasionally 
an additional truck was hired for transporting material 
and equipment for the test pit and churn drill crews. 
Pack outfits were utilized for the Anllllas-Rio Grande 
and W eminuche Pass surveys. 

A sununary of the work accomplished by the sur
veying crews is as follows: 

·Summary of surveys: 
Dam-site topogTaphr, 5-foot contours: Scale, 50 feet to 

l inch. 27 sites surveyed. 
Reservoir t-0pogrnphy, 5-foot contours: 

Scale, 1,000 feet to 1 ineh, 5 CO\'ering 2i,579 acres. 
Scale, 200 feet to 1 inch, 5 C"overing 3,965 acres. 

Canal fly line (transit and stadia or plane table), 234 miles. 
Canal location, transit and chain, 150 miles. 
Strip topography for ('anals and roads, 5-foot contours. 

Scale 200 feet to l inrh, 104 mile;s. 
Tunnel triangulation, approximate]~·, 25 mile~. 
Reservoir triangulation, approxima1ely, 25 miles. 
Levels, approximately, 350 miles. 

All water supply studies were made in the Dem·er 
office with the assistance of some of the field men 
brought in after field work was shut down. 

Ca.nal estimates and designs were made by the 
Conal Section under the direction of II. R. McBirney 
of the Denver office. 

Dam estimates and designs were made in the Denver 
office by tl1e Dams Section under the direction of W. E. 
Blomgren. Vega Sylvester dam designs and estimates 
were made under the direction of F. F. Smith. 

-:i ;mbioremnh ::rn.nci.lea .ill vi . :he . ~est pit crews, 
working on as many as three dom sites at one time. 
All pits were cribbed with timber framing. Two 
4-horsepower gasoline single-drum hoists were used 
for hoisting. Percolation tests were carried out at 
most of the pits using a 3~inch centrifugal pump direct 
connected to a 6-horsepower gasoline engine. 

'One 75-pound sample of material from each 5 feet of 
pit was taken. These samples, together with all cores 
soow-ed by the diamond drill rigs, are stored in the 
warehouse of the Farmers Union Ditch Co. near Del 
Norte. 

Expenditures on dam...site explorations have amounted 
to about 28 percent of t.he total a.mount spent on the 
investigation. The exploration work accomplished 
may be summarized as follows: 

Typeotwork 
Num· Num- 'l' 1 Anfflll!' ATI11'5Ct 
her or her of ota depth ot field CXlS1 
holes litta foot.$ie bole per foot 

----------1---------------
lJl&mODd drilling.................... 31 ll 5,070 ~: *'·" 
ChlD'Ddrl.llJDI...................... 7 4 913 4.69 
Tait pits •••••• ·-·.-----· •••••••••• ____ 311_

1 
___ 11_1-1_, _u_t -i----211_

1 
__ 1_0._so 

JJ!t)'lllll........................ '17 ·-·····- i,097 8S 6.4S 
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PART V 
SECTION 2.-NEW MEXICO INVESTIGATIONS 

San Jun-Chama Trusmountain Diversion 
General De.uiption 

Figure 100 is a general map sho"'ing the various 
features of the plan herein outlined for the diversion of 
San Juan River water to the basin of the Cha.ma River1 

a. tributary of the Rio Grande. 

Eady S11ne7s 

In 1933, a reconnaissance survey was made for the 
San Juan-Chama diversion. This line was run at an 
elevation of about 81000 feet, beginning at the East 
Fork of the San Juan River to the Navajo River, 
where it dropped to elevation 7,800, thence across the 
Continental Divide about 12 miles west, of Chama, dis
charging into Willow Creek, a tributary of the Chama 
Riyer on the south side of the Divide. Surveys of a 
part of the reservoir sites on the West Fork, East 
Fork, Blaneo, and Navajo, adopted for the present 

. pla.n, were also made. The diversion point of the 
canal was ao high that waters of the West Fork of the 

, Juan could not be utilized except with a pumping 
of about 200 feet. 

.rwo plans have been considered in some detail in 
the 1936-37 surveys, herein designated as plans A and B. 

PluA 

Surveys ')f ~ 9?6 be~a.n "aV1.th :-etraceme~t {Jf ";he '.ine 
originaily proposeci, except for the la.st 6 miles in the 
East Fork Ba.sin. A reconnaissa.nce for a line at a 
lower elevation was started at the same time which 
soon disclosed possibilities justifying a survey along 
this route which developed into plan A. .Although 
p1an A was found to be higher in first cost than the 1933 
line, the additional water secured more thn.n offsets 
the dift'erence in cost. Topography was then taken 
on the line for plan A with 5-f oot contours covering a 
strip reaching 25 feet above and 50 feet below the 
tentative line elevations. This survey was started on 
July 20 and completed by October 23. The prelim
inary lines were run with horizontal control by transit 
and chainJ which control was tra.nsfe.rred to planetable 
sheet.a and used by the topographic parties. V ert.ical 
control wu based on United States Geological Survey 
benchmarks with elevations taken from published 
bulletins. Between New Mexico and Colorado, a dis.. 
crepancy of from 5 to 7 feet was found in the United 

1s Geological Survey elevations. The original 
.n at Mo:nero was carried throughout the surveys. 

In locating lines A and B, special consideration was 
given to lines tha.t would off er low maintenance risks, 
avoid questionable side slopes, and give the shortest 
possible routes. Many cases of alternative routes were 
met. At important cross-drainages it was always neces
sary to make a decision between a route up one side 
and back the other, or to go straight across with a long 
siphon. Sometimes both lines were surveyed and the 
final location selected on the basis of lowest cost. In 
general, though; when time did not permit a detailed 
study of the alternatives, the decision was in fovor of 
a route which appeared to offer the least hazards in 
operation, even though the cost might be considera hly 
greater. 

Pfon A involves the diversion of Turkey Creek (a 
tributary of the San Juan River) into a reservoir of 
70,000 acre-feet capacity on the West Fork of the San 
Juo.n River about 14 miles north of Pagosa Springs, 
Colo. From the bottom of this reservoir a diversion 
canal of 300-seoond-foot capacity carries Turkey Creek 
and West Fork waters to a 70-foot drop into East Fork 
about 1 mile above its confluence with the West Fork. 
About 6 miles upstrea.I:Q a reservoir of 35,000 acre-feet 
capacity is planned to regulate the flow of the East 
Fork. 

A diversion dam a short distance below the canal drop 
:nto ~e -?.ast ]0rk. · ~yi>.r:s iito oJ. ~anai ·)i 500 ~econd- .. 
foot capacity which lies just above the 7,500 contour · 
east of the San Juan River. Coal Creek, Mill Creek, 
Rito Blanco1 and the Blanco River are diverted into the 
main canal by short feeder canols. Five and a half 
miles above the Blanco River crossing, a reservoir of 
15,000 acre-foot capacity is planned to regulate the 
flood flows of that river. From the Blanco RivC'r to tl1e 
Little Navajo River the canal ca.pa.city is increased to 
700 second-foot and is almost entirely in tunnel. At the 
lower portal of the tunnel on the Little Navajo River 
the canal is joined by a diversion canal from the Navajo 
and Litt.le Navajo Rivers and its capacity is again 
increued to 800 second-! eet. 

After pusing a few miles along the westerly side of 
the Little Navajo River, the main Navajo River is 
.crossed with a. siphon almost a. mile long under 350 feet 
maximum head. At the end of the siphon the canal 
enters a succession of tunnels and siphons on the 
south side of the Navajo River to a point a.bout 1~ 
miles eut of Edith and almost on the Colora.do-N ew 
Mexico boundary line. Continuing almost due south 
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the canal traverses several deep cross drainage streams, 
crosses Amargo Creek and the Denver & Rio Grande 
Western Railroad (narrow gage) near Monero, N. Mex., 
and finally enters a 6-mile tunnel under the Continental 
Divide beneath Hillcrest on the Jica.rilla Indian Reser
vation. From the lower portal of this tunnel at an ele
vation of 7,400 feet the water flows in a natural stream 
bed to Boulder Lake. 

Plan B 

Following completion of the plans and estimates for 
plan A, consideration was given to the possibilities of a 
less costly route, as a result of which pla.n B was sur
veyed, and estimates prepared, although not with the 
same detail as plan A. 

Pla.n B starts with the same reservoir on the West 
Fork of the San Juan River, except that the outlet is 82 
feet higher, with an increase in dead storage of lO,O~O 
a.ere-feet. The reservoir was not enlarged to off set this 
increase in dead storage. Turkey Creek diversion is 
common to both plans. The East Fork of San Juan 
River is crossed with a 700-foot siphon at the lower end 
of which East Fork waters are received from a short 
diversion canal, thus saving an a.d.ditional 70 feet in 
elevation over the A line. Line Bis on a slightly lighter 
gradient to conserve head for the purpose of shortening 
the tunnels. Lines A and B are closely parallel from 
the East Fork of San Juan River to Little Navajo 
River, with a difference in elevation increasing from 140 
to 160 feet. The feed canals used in plan A from Coal 
Creek Mill Creek, Rit.o Blanco, and Rio Blanco, are 
etimin'ated as the line at this higher elevation permits 
crossing these stres.ms at grade. At little Navajo 
River line B deflects to the east to cross Navajo River 
on gr~de and then passes southward to cross the Conti-

. uem.al D:i"vide !.In.mediately ·.vest vi 'Cbarna and very 
dose to the crossing of the Divide by the Denver & Rio 
Grande Western Railroad Co. Between the Navajo 
River and Chama sununit a long tunnel is required to 
penetrate a high mesa around which no pra.e~cal route 
could be found. While line B intercepts slightly less 
drainage area than line A, no difference has been made 
in the canal capacity as the difference in run-off would 
be negligible. One advantage of plan B over plan A 
is the higher level for delivery ~f waters in~ the Cha.ma 
River watershed, plan B ma.king such deliv~ at ele
vation 7 57 5 and plan A at elevation 7,401, a d1ff!rence of 
174 feet 

1

in favor of plan B, which will be useful m power 
production. Furthermore, plan B entails _lesser I~ of 
costly structllNSasindicated bythef ollowmg com pan.son. 

Greater accessibility along the entire route of plan B 
also offers distinct adv&Dtages. The new highway now 
being built between Chama and Pagosa Spl"lllg13 will be 
within l mile of the entire route between the Blanco 
River and Che.ma Sununit. 

Rw Graruk Joim Investigation 

The four reserYoirs, yiz, West Fork, East Fork, 
Blanco, and Navajo, are common to both plans. 

Plall A Plan B 

Milu MUe, 
Earth eaoal--···· ---- -- .. ___ -- -.. -__ .. ---· --- .. ···- ----··- :M. Oi ~- 29 
Comblnalloll IM!CtioD----·-············-·······-······--··· 8.08 13.41 
S!pbona. •••.. ···- ••• -••.•••• -- ··--. - --···· •. -- ...• ---- .••• 4. 04 1• !? 
Tunneh •••••.••.. ---··········-··--·--···---·---·--·····-- 17.00 0"" 
Benchtlume ..••••••. _ ••••••• ·-·-····---·-··-·······-·····1---·-.e_

1 
__ _ 

Total ••• ·---- .. ·--··--···---·--·······-············· !14.118 81. 72 
SumldlilfY reed caoals ______ • __ •••••••••.•••••••.•• ·-······ 1--_211_._~1_

1 
___ 9_.33 

Total.······--··-···--····-·········--····--·····-·- 91. l& 91.0,'5 

Dealp and Estimate Data 

Earth canal is proposed for cross slopes up to 20° 
with the horizontal and combination concrete-lined sec
tions for heavier slopes. Bench flumes with vertical 
side walls are proposed for sidebill location in rock: 
Tunnel sections are of horseshoe shape and concrete 
lined throughout. Tunnel estimates are based on pro
viding steel rib and timber lagging supports for their 
entire length as they are thought to be located in shale 
and loose material. Sandstone may be encountered in 
some places, in which case supports probably would not 
be needed and construction costs lessened. 

Canal excavation is divided into two classes: Class 
1 being earth and loose rock requiring no blasting; and 
class 2 being rock and shale requiring blasting. 

Figure 101 shows typical sections for the component 
parts of the canal system. The only railroad service 
into the territory is over the narrow-gage line of the 
Denver & Rio Grande Western Railroad Co. from Ala
mosa to Dura.ngo. The A line crosses this railroad at 
Monero at canal milepost 50, and Bline abtmt 12 miles 
. ~a.st oi ::\ionero. Shipping pomts ;vill oe e1ther~Vfonero, 
Lumberton,· or Chama, in New Mexico. The route of 
the A canal is never more than 3 miles from improved 
roads. Above Pagosa Springs, the canal line paraHels 
an oHro highway. From Pagosa Spri~ to ~a,:ajo 
River the highway is either graveled or will be w1thm a 
few months. Below Navajo River, the dirt roads thnt 
must be used with plan A often become impa.ssabJe with 
mud. South Fork, Colo., on the Creede branch of the 
Denver & Rio Grande Western Railroad Co. from 
Alamosa is the nearest (29.5 miles) shipping point for 
the north end of the work with a.n exceUent. highway 
between. 

&ti.11U1tn-Pwl B 

Time did not permit line B to be surveyed in the 
same detail as line A. The cost for much of line B was 
based on the cost per foot of comparable sections of 
line A using equal unit costs and suitably revised 
quantities. The estimate for line B is as follows: 
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T.u1LE 1.-San Juan-Chama. tranunountain Dil'ff.ion, plan A, guamuie, and unit cost, 

Material mu! labor fur· Material lumlsbed by = by tbe con• I.be Government Summary 

Amount Unlt Unlt coet Total coet Unit coet Toi.al cost l'nlt 0011t Total cost 

II.A.IN UN.lL 
EmsvatlOP: 

Caoal: 
Commo11 .. _ ---······------- •.•. _ ..•.•...•••••. ---····· 
Rocle •••••• ·-·······- ••• _·--- .... __ ••• ____ ••••••••••••• 

StructUN: 
Common •••••••.•••• _____________ ---·····-·---·····--· 
Roclr ••• -- -- •••. -•••• - . ---· ··- - ...•. -- -··· ··- ----- ···--

Twmtl--4l.5-foot dlm:11eter, Ill!~ to 3,820 feet long, all classes •• 
Tunnel: 

D.s-root diameter, lO,~feet long, Ill cl--··--··----· 
ll.0-foot diameter, 29,SMl feet long, Ill cl&sses-----·"··
U.5-foot diameter, 400 to i.~ feet lone, all clMSeS---··-

Twmel, 11.s-1001 die.meter, 29,1173 feet JollJI:, all~--·---
Trlmmfllg foundaUom ___ • --· - .. _. -· .. _ -- -••. ·-·· ..... ·----

Jllcl,:1!11 ••• ···-·-······· -- • ·-- -- •••• -- -- -· •• - • - - ••• --·-···· - ----Puddling bacl<mJ... ••• ______ ••• -·- ___ •••. ___ •• _____ •••• __ .••••• 
Concrete: 

C&1111l l!nlna: •••• ___ . _____________ .. ·-·----·····-- ___ , _____ _ 
ComblllalJo.D -t!on .... ________________ . __________ ··----·-
Bi!Deb tlume---··------ ·-···--··-----·· --·--· --··----··--·· 
StmctttN ____ ...• ___ ....... ··---- --······--··-------·-· .. .. 
Monolithic slpboo barrels .•..•••.• --·······--··---·······
SJphon pim and anchors.--···--··-·······-----·-·-------· 
'Tunnel Unto~: . 

9.5-loot diameter·····- --- . __ ------- -------···--·--····· 
11.o.root diameter---········-·-------··········.------
ll.5-foot dir.mtter -- -- . - ·-. - .•••. --- . -- .. ---.... -- -·- ••• 
11.5-foot dwuetet-----------· ---· .... -·------------···· 

Steel: 
lleinfOl'llement: 

8,1163,5.20 C'ublcyard •• ------ -----··--··· ------------ ·------·-··· ···-··--- __ _ 
937,210 Cubic yard---··--------·--··---·--------·-·-···----··-······----· 

4. c,c5 C'ubic yard ... ---· ............ --····----·· ---·------·· ___ ---------
a,~ Cubic yard ••. ---· -···-----··· ----···---·· -··--·-----· ..••....••.. 

:ss, JOO Cubic yards ................... ······-····- __ -·----···- -···--------

40. 500 Cubic yard_.----- ---···---··· .. ---···---- ------- _____ ...... -···-· 
151.100 Cubic yard _______ ---···--·----·----------·----··---------···-----
00.220 Cubic )'ard ..••••• ···--······- --···-----·· ---·-------- --------···· 

lllll, 185 Cubic yard ________ ,. ___ ------- --···----··· -···----···· --···--····· 
129.560 Squan yard.- •• -.··------···----------···--······--······-·--···· 
lll',030 Cubic rard .. ·---- --····------ ------·· ---- ----·····--- ··----------

4,820 Cublc yard ....... ------------ ------------ ·--·--·----- ·----····- .-

107 Cubic yard_------ ................... _ ...•. --·····--·· -··-------·· 
22,224 Cublc yard_------ -------····- -----··----· ·----------- ----··-- ___ _ 
2,120 C'ubJc yar{I_ -- ---- -------···-- --·--·-----· -----------· -····--- --- -
1.~ C'ubkyar(I _______ -------····· ----········ -·····----·- ···--·····--

12,ng Cubic yard _______ ·-----···---·--···-····----·--····--···---------
4, 8ff Cubic yard_------ --------···- --······---- ----··-----· ------·--··· 

18.423 C'ubkyard _ •...•• ··--·······- -····------· ____ ------·· ____ --------
3,,862 Cubic yard. __ ··-- -------···-- -----·------ ---··- ·---·- -----------· 
15. 188 Cublc yard_------ -------···-- ............ ---···-·--·- __ ·--------· 
42,i:IO Cublcymd .• --·-- --------···- --··-···---- ---···----·· -----------· 

~:;/~~~:::::::::::::::::::::::::::::::::::: s.::i::: Pound-···-····----------····-------------·--···------·-·····----· 
Pound ....... _____ -·-·---·----.-----------·---··------"-···----·· 

Ribs.---··--------- .. ___ ------ ___ .. -· ___ -••. __ . -- -.. __ . ---- 5,030,200 
Oatas ••••• ________ ... ____ ..... ___ .. - •. _. - - ... __ .. -·· •. - -- - - 5,000 
Hoists .•..•. --·-· .. -··--_. _____ ... __ . __ . ____ . _______ ••••... l, Ml() 

Tm'!'t=l~~:::::::::::::::::: :: : : : : : : : : : : : : ::::: :: :: : : :::: IO. 37t ~ 
Do._.---·······--··-- .. -.. -------. ------ .. -. -- . --- ---· -·.. l!6. 880 

Timber- •• ·-·-······ ..• ··-----· - - -- -.••• - - -- ••• - - . - . --- ••. -- • •• .. 000. l 
11.!prap. _ -------···----··-·---·-------··· ---------- ----------- _ 125 B.111'.bto-0f-111"ay __________ •••• _._., ________ ·- _____ .... ------······ 7114 

'ng •••••. __ •... __ . --- __ .•. ____ . _ .. ________ .... _ ....•.... _. 4415 
-rosslngs_ - - .. ·----···-- - -- . - . - - - - - - .. - .. --- --- ·--- --- --- - . ---- --·---·· 

Pound--·---·····- --··-------- --------···- ---- -···--·- ··--·-· ·----
Pound ______ ------ ------- ----- ··------··-- ··-------·-· -----· ------
Pound •• __ •......• ---·---·---- ---···------ ---···--···· ---···----·· 
Pound •.• _. _______ ·------···-- ---------·-- ----------·· ·······-----
Linear foot._. _____ ·-···--·-··· ·········--- ·--·-···---- ____ ---····· 
Linear foot •. ------ ------------ ··------·--- ·--·-···---- .• _ ---····-
M board measure. ·-···--····· ··----····-- ··-----·-··· -·········-
Cubic yard_ •...•• ----··------ -··-·--····- -------····- --··------·· 
AC!fe.---···------- --·····---·· -·-----····- ··----···-·- ••••.•••.•.. 
.Acre_. ______ ...... ----------··-·------·---··-------···----··-·--·· 
8----·····--------- -----------· -···----···· ···----···-- -····--····-
25_ -- •• ···-. --- •••• --- ·- ----··· ··- - -• -• ·- -- •• ---··· --- .• - •..• -·. - - -, .. ····-··· ·-- ---... --- .... -- .... -- --.... -- --.. ---- -. -- .. ------... -· --- , .. --- .. ----... -- . - -· -·-- -- ...... -····· ··-- ··- --- ... --- .. ---· ... -- -

.uo ............. _···--------·-------------·---------------- -------------· 20 _________________ -····--····· ···-······-- ---····----- ------------
pa,rm turnouts.---·····----·----·-····--------------·--·-------------------- 28---····---------- ---------··· ···-----··-- ··----··---- ------···---Do _________ ---·-···------·------·-------··-----·---- -- --·· ........ ----·· M----··--··-··---- -------····· -----····-·· -----··--·-· ········----
Hl(bway crossings ____ • ___ ••. _ - - - - - •• - - - - .••.. - - - .•.• - -- - -- --- . -------------- 1. __ .... - - - -- --·· -- -.. - . - - - -- ••. -- • -· -· - --- - ---·. ·- - --- ·--. -. - • - -- -

Do.-··---···---····-------------··-----·--·--·------··-··· ----····-----· 3_ ----··----- -··--- --··-----·-· -·-· ----·--- ---··-·----· ··----------J>r.lllAp Inlet! •. ____ •• _____ ••..•.••• - ____ ••.. ___ •• ·-- __ -····-· ____ .. ______ •. 22 ___ • _. ____ ••. -· _. -····· __ •• ·- __ --···. _ --· ___ ••• _ .. _ •• _____ •.. ___ _ 
Do .. ---------····-----------------------··----------·····-------------.. 15 _________________ ··---------- -······----- ·-····---··· ----···---·· 
Do. ----.... ·- -- . -- . ·-· -- ------ . --... -- ------. -. -.. -- .. -- ---... -------- ~::; :: : :: : : : _:: '.::.:::: :: : : : :: : : : : : : : :.:: ::: . : : : : : : : : :: :: . : : : : : : . : : ; : : . 

)Iv?~fon-01 -z~i-?~r·K·.~ 39.JD ·=:.;;n·_:: ~ ~::: ~ __ .. _ .. _ ... L •• ~ ____ •• • • - ;,._~ ••••• __ -- _ -- _______ ~- ____ -- •• ____ --- _ -- _ --- __ ---- __ -- _. -- ______ • _ -- ______ ~ ~ 
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i'ropeny damage ________ --·----·-·---.-- ... ------- - -- ---- (l) ----.... --- ---.... -- ---- ..... ----- ~ ....... -----...... ---- ----........ -...... ..,,.. ..... ---- ~ .. --- - ----· -- ----.. 

l'JUIDER CANAi.ii 
Dh·ers!on,: 

D1v1nlo~ and eattofcnieiu .. ·- ____ -----. _ .. __ . ------ _ 
Structun, exm1·ation: 

Common_--------------·-· __ ------. --- .. -· ----- --- .. 
Roell: ___ . --- . -----·- ___ ·-- ....... -·- .. -· .. ----- ... ----

Bacli:!l!J .• _ •••.• ___ ·--·····--· .•.•. ----- ---- . -· -------·-·---
Puddlin; btl~,l.nll ·-· ------------. ___ . __ .. -· ... ___ .. ··-·. 
lllruMUl'I' OOIICrt'!e ... --· --·---- ---- ..... - ·-" c-- ........ ·- --
:!:r~meni-ii.L:::::::::::::: :: : _ :: :::: :: :: :: :::::: :: 
Oaw _______________ -········-· -- -- ... --- .. -··· ---- ·· --·---
Holst..~ .• ·- __ -··----· ____ ....... __ -•. ____ - ....... 

Eu,n·atlon: 
Canal: 

C'ommon ___ ---- ------ ....... -. ·- -- ............. -..... . 
Rod._.----·-----· .. _ ... _ .. - . -··. _. -- -· .. --------·--· 

Tunnel. ~.5-rool di&meW!f, I ,'IOO reel klng, all clsssl!s. _ --••• _ 
Trlmmlnc row:1dat1ons ••• ______ ··------··------··-- --------
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il\ll 
MO 
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1i0.\ ,o.~ 

'12,400 
Zl,,000 
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lL ... --

l'uhirYanl --·--- ···-··-····· ------------ ------------ ·--·--·---·· 
l'ubk yard ...... _ -----··. -·-- ---·--· __________ --··--. ---· ... _ ·- --
r'ubi~ yard.··----------------.-----------··-------------···------
C-uhic yard. _____ . -------· ____ ...... _ ----- __ ... ____ ... _ ... - --- .. --
C-uhk yar<L ........ ···------- --···---···· ····------. - ------·-----
r'uhlc yard._----- --···--·-··· -·--------·· --·- -------- . --- ...•.. --
Pound_ .... _______ ------------ ____ ·-····-- -- -----· -··- --- . ----. ---
Pounrl ...... ------ --------···· ----······-- .. ---------- -···-----··· 
Pound. ___________ -------·--··--···---------·-----------------···· 

ffll0.000 ('Ubi~Yllf<I.------ -----·-·---· --·------··- -----·----·· ----------·-
17~2/iO Cubkyard _______ ----------·· --------··-- -·-------··· ------------

3.llOO C'ublc yard __ ----- .. --··-·-··· .---······-- ·------ ····- _ ----···----
85,300 8qW!.ri! yard ______ -···--··--·· -··-----·--- ----···--·-- -·-·····----

Combl•Uoo aeetioll •. - .. -··- ______ •• ____ .• ·----- ---- .•. --- ia, OllO C'ublc yl!lrd _ -- .• ·- •....••••••• -· ••.•.. -••• _ .•••• ··- -- •••• -- --··· .• 
Btruatun, _______________________________ .- ............ ·-·-· 40 Cubic yard .•• -••• ···----····---····--····---··--·-··----···--·--· 

Bwierunnel llnlng, 8.5-foot dlameler •• ------·······------------- NO Cubic yard_ •••••• ···----··--- .............. -.................... . 

R8.i.o~t ..•.•.••••••••••••••..•.•••. ----···---······· l, 180.000 Pound .. -----···-- ............ ····--··--·· --··-·-····- -----·····--
Ribs .............. ___ ••••• _ ........ ------ .. ----·······-.... 27,l!OO POWJd_ - . -.- .• ---- ••.•. -·····- -··· ---.•••• -- •• -·-- --- •••.• -·····--
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'!'Imber .. -••••••••.•..••• -•••••••••••••••...• -........ ___ •••••. lM.B M' hoe.rd-. --···----·-- ---·····--·· ............ ·····---···· 
Rl1th1-of-w1y •••• •• • •• • •••• ------·---------···· W A=--·····-----·· -----------· ----·-···--- ···--·····-- -----······· 

~=Doi~1i=.:: :::::::::::::::=:: :::: :::: :: : : :: :: : : : : ::::: ::: -_----·- -_-. ~. i\~: ~: :::::: :: : :: :::::::::::: : ::::::: :::: : : : :: ::::::: :: : :::: :: : :: 
]2 _____ ------------ ---------··· --·····-··-- ---···-·--·· ·-----------

FIU'1ll tnmcuts. - ••.• --·· -- ····-----··- --··· -- -- .•• -- -- -- •• .... •••• ·· ---··- -- f_ -- -- ·•· -·- --- -· • - -- -- · -----·· •·· -•••• · ·•• ··- · •• ·- --·· • --- - -•••••• 
Do .•••••••• -•••••••••••. ·····----·· ••. ---·................ .............. JO_ -- •• ·····--·-··· ----·•·---··. -·-·-····--· ••.••••••••• -· ----······ 
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478 Rio Grande Joint !W6stigation 

TABLE 1.-San Juen-Chama tra,umountain DirJernO'l'I, pum A, quantiliea and unit coeu--Continued 

Summary 

Un.it cost Tolal cost Unit cost Total cost Unit oost Tolill oost 

ftlll>U C.ol.lU.L&-e!IDtiDued 

:mrhway Cll'OIIB!np •••••••••• -··-·· --·······- •• - -·· --· •• -··--·- - •••• ---------· l .. -·--·· .•.• ·-··-· ••...•.•• --· ····- -··-- •. -•.. -- -....•... ····--... U. 500. 00 
Dramap iuletl ••••••.••••••.•••.••.•.•.•....•..•••.••.....•..•..••.••••••.•• 114................. .•.....•.... .........•.. .•...•..•... ...•.....•.. 160. 00 

Do .•••.••••••••••...•••.••.••••••••.•.••••.•••.•••.••.•••. ·---·····---·- '/'Q ••••••••••••••••••••••••••••••••••••••••• ·····-·--··- -·-····-·-·· ~00 

717. 156 

Subtotal •..•••...••..••...•..•••.••..••..•....•........••....•••.....••.•.•••.•••••••..••...•.•••••.......•.•.........•••.•.•.. --·····-·--- .•••••••.••. 11. 64~. 335 
I, iti, 400 Cont~cles, lSJ)er(lelJt ..•••.•••.•••••••..•..•..•••.••••••.••.•••••••••••••••.•••.••••.•••.• · •.••.•••.•••..••••..•...••.•••.••.••..•..•..••.••.••••••..••.• 

Total estimated 11..Jd cost •••..••.•••...•.••••••••.........•.•..••••..••.•...••.•..•.•.•.•..... ·--··--·. . . •.. . •..... .. ••••.... •. . . .. •• . ..... . . .•. . •...•• 11,396, 735 

E~~~~~~D~t~-~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~:~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~:~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~ ~m !----Total estimated QJst..................................... ...•......••.. .................... ............ .........•.. ............ ............ ...•........ H, 786,408 

M&!D canal 

West For.Ii:, 
8&D 1uall 

River l.o Eet Capedt:y, 300 
For.Ii:, San aeoond-leet, 

Juan Rhu, cost 
length ID t11et 

J:a.nb canal ••••••.•••••••.••••••••.• ·-····-···-···-··· 115, l500 ~7, 195 
Combwat.!on l!eCtion.................................. 2,000 27. !!20 
Slpbllllll ••••••••••••• ·····--···-···-··-···-··--··--··- 700 '2,000 1----·,----

l!ubtotal .• -··-·······-········ ••••.••••• •.•••.•• 111,200 13!, 815 

Eut Fer.Ii:, 
San Juan Capacity, 500 

lUver to Rio 88CODd-&et 
Bwico 

Earth aana.1. ••.•.. ••••.••...•....•...•.•.•••...•..••.. 1111, eoo $722, 274 
Combwat.!011-=tiO!l.................................. 41,800 8111,280 
8fpbom................................... .... ........ O O 
'l'amlel.s................... .... .... ....... ......... ... . U, 100 783, MO 1----1----

Subtotal ........................ --·············· l71. l500 2.. ~. 214 

Ma.in canal I Rio Blanco I ca-nflv 700 to Nava.Jo ..- '' 
River. lell[!h ,eoolld·f<iet, 

ID fi,et ":mt 

Euth ca.aal. ............ -............................. 117,1140 
Combh1diOll 11eetinn.............................. ... . lij, 000 
Sipbollll................... ..... . ....... ............... !lW 
TUnmls.................. ................. ............ 17, 37.~ l----1----

Subtolal... ...••.... ......... ..... .•. .... ....... 133,415 

Main canal 

Ellltb Cllll.lU........................................... 60,000 IW,000 
Combiution *1.Jora •..•.•••...• ---- •• .. .•.•.•. ... .. •• 11. 000 300,000 

=:.:::::::::::::::::::::::::::::::::::::::::::::: au, aJ 4. 783. ~o 
lkncb !lllll!e.......................................... O ,---------

Subtotal.····--·--··--··--··--.................. 108,370 6, Mi, l5SII 

S~rtt divernona 

Turkey Creek CAn&l (ame &111 for plan A)_ - - - - •• - • - • 5370, 241 
East Fork--------------------------·--·-------- 126,500 

Sublidiary di11er,ions-Continued 

Coal Creek, Mm Creek, and Rito Blanco.·.-------·· 
Little Navajo River. __ ._. ___________ --•. ______ •• _ 
Navajo River __________________________________ _ 

7,590 
12,650 
20,240 

Subtotal __________________________________ 539,751 

Summary of co,t-Plan B 
Main canaL ••• ___ •. ________________ ------ __ _ 
Subsidiary diversions _____ ----- ____________ ..• _ 
Reaervoim: 

West Fork.-------- __________ _ 
East Fork ___________________ _ 
Blanco ______________________ _ 

Navajo .•. _._ •.• __ •• _. ___ • ___ _ 

$2,069,588 
1, 449, 306 
1,060,494 
l, 515, 138 

$10, 860, 666 
539,751 

6,094,526 

Grand totaL .• ----- .• ______ • __ • -·· _. __ 17,494, 943 
Cost per acre-foot of annual yield (350,000 acre 

feet) __ • __ ---·- •.• ____ . ____ ·-.-. _____ ·-·-- -· .so 

Water Supply 

The general m11p, figure 90, shows druinnge liurs u;1cl 
the location of an run-off 1rnd rninfalJ stations at which 
a.ny records at aH l1ave been secured. A list of gnging 
and rainfall stations and a diagram sl10\\ing the le.np:th 
of record ser.ured at each of them is giYen in figure 102. 
United Sta.tes Geological Survey quadrangle sheets are 
available for the entire watershed in Colorado, but in 
New Mexico no reliable topographic maps are in exist
ence. These records comprise all of the basic data 
from which the available run-off in the San Juan Basin 
must be estimated. The dearth of run-off and rainfall 
records in the areas affected by the transmountain 
diversions necessitated developing methods of estimat
ing the same from available records. Figu.re 102 shows 
that for the 10-year period of 1916-25 there are more 
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480 

complete concurrent data thnn for any other period. 
This cycle was therefore selected as a base for making 
all other determinations. 

Two methods have been tried, described herein as 
the rainfo.11-altitude e.nd run-off altitude methods, 
respectively. 

Rai11jall-altitude meth-Od.-The procedure adopted in 
u!l.ing this method is as follows: 

(a) Determine mean run--0ff at each gaging stat.ion 
for the period 1916-25 jn acre-feet per square 
mile of tributary watershed area. 

(b) Caiculote mean rainfall for each station v.ith.in 
or adjacent to the drainage area above the 
nm-off station. 

(c) Plot mean rainfall for each rainfall station 
against its altitude and draw a curve through 
the porn ts which averages them as near as 
possible. Mean rainfall at any elevation can 
then be taken from the cu:rve. 

(d) From topographlc maps determine the area of 
the watershed between ea.ch 500-foot contour. 

(e) Multiply ea.ch area between 500-foot contours 
by the mean rainfall (ta.ken from the curve) 
for the average elevation of that band. The 
sum of these products divided by the totaJ 
area gives the mean rainfo.JJ for the water
shed. 

P'RIECaPtTAT~OIII STATtOil'S •'11D T[AllllS Of lltECORD 
&Afll .JUAN IIIH#(llt 84$1N 
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Rio Gra:ruu Joint Investigation 

(j) ~am!a.ll less :run-off gives the "consumptive 
use" or the residue of rainfall after it has 
been subjected to evaporation a.nd tra.nspora
tion losses except for underground waters 
leaving or entering the ha.sin . 

Run-off for each 500-foot band ca.n then be computed 
by assuming ''consumptive use" to be constant for all 
elevations and subtracting this constant from rainfall 
in ea.ch case. 

Run-off for individual yea:rs ca.u be determined by the 
same procedure but the method does not lend itself 
readily to determination of monthly stream discharges. 
This procedure was carried out for both the &.\nimas 
River above Tacoma a.nd the San Jmm River above 
Arboles, with fairly satisfactory results when the lO·year 
mean was used but when an effort was ma.de to break 
it do\\'ll to individual years, the rainfall points on the 
diagram were so badly scattered that it was difficult to 
draw a curve which would justify confidence in theresult.s. 

Run~jf altitude mtthod.-The same period, 1916-25 
was used for determining means. Procedure was then 
as follows: 

(a) Mean unit :run-off in acre-feet per square mile 
was determmed for three statiqns on the San Juan 
RiYer, the Navajo River at Edith, three stations on the 
Animas River, and the Pine River at Bayfield (in part 
derived from Ignacio). 

(b) Watershed areas above each gaging station were 
divided into bands of 500 feet difference in elevation in 

ALTITUDE RUNOFF CURVE 
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SAN JUAN AND ANIMAS RIVER BASINS 

.. : .. • 
: If 

I 
i .. 
.. ,o .. .. .. 
c .. .. 

~ 
0 

IOD 

_,,,,,. ~ 
• 

/ 
... ... ,-,~· ... / , 

/ -/ Pl •l-1,AT llU 

'-*••• -·· IOy' 

/' 
I "11'&.IO- DITM V ,,, 
_.~ 

.....""" ·- .. _ 
UI Ila 1111.H .,.c;o111, 

....... ... .. 
,--.... ,1 iUl·H ,in.u 
IH•.Al 11111.11 LIH ...... , m-QI M 

•OO ,oo 1000 1100 
IIIAII 1n111cw, Ill AC-"· PU ...... 

FJGOU103 

lla'l'II: f'IIII "1' 11,11,Tl'IIL O 1Nlln1ta 
F- 1t11•1•H RICORI 
11h' t04IIKRl•Otl JIJITM l'lltl 
Kl 1811~10 

CO- 003430 

TX_MSJ_000510



Water Importation and Storage 
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the manner heretofore described for determining mean 
rainfall. 

(c) Unit run--0ff for each gaging station was then plot. 
ted against. mean altitude and a curve drawn through 
the points. 

The resulting curve is shown in figure 103. The 
points are well scattered from low to high elevations 
a.nd departures from the mean are small. The greatest 
departure is for the Pine River at Bayfield and this 
influence was recognized by modification of the curve 
~-hen used for the Pine or the San Juan Rivers. 

By this method. two run-off records on the same water
shed enable three point& to be calculated for the curve; 
one for the area above the higher station, another for 
the entire area above the lower station, a.nd the third 
for the area between. 

The same procedure was followed. :in determining 
run-off for any watershed for individual years and 

, en for individual months for any particular year. 
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In practically all eases, the points were so near the 
mean cu:rve drawn through them thnt the results nppea.r 
to be as reliable as co.n be obtained ·with so little record 
data. available. Details of the application of this 
method to each of the watersheds studied in the in
vestigation are given in the report on ea.eh feature. 

Extensions of run-off estimates from 1926 to date, 
where necessary, were made by correlating the short
term record at the station :in question with that of a 
station with a long-time record in periods ofconcurrent 
record. It is recognized that the resulting discharges 
are to a large degree estimates and it is hoped that 
arrangements can be made to establish and continu
ously operate gaging stations found to be desirable in 
connection with projects deemed likely to be con
structed. 

The total area contributing to the diversion is 506.24 
square miles with a mean altitude of 9,688 feet. From 
figure 103 mean run-off at th.is altitude is found to be 
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SAN JUAN• CHAMA TRANSMOUNTAIN DIVERSION - OPERATION DIAGRAM 
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Operating studieq of capacities for :reservoirs and 
canals made it necessary to determine the monthly 
discharges in any year. The rutitude-run-off method 
was found to he admirably adapted thereto, the curves 
for which are also shown in figure 104. Total average 
annual run-oft' for 1916-25 estimated from the altitude 
nm..off curves compare as follows: A.t:r~ful 

Mean a.nnu&I discharge from fig. 103------~--------- 486,200 
Me.an of individual annual discharges fot entire area, fig. 104 ________________________________________ 479,920 

Me.an of sum of monthly dischal'ges for entire area from 
fig. 104 ________ - - ·--. -··-- .. -· ___ . -- . -- - __ --- _ - 469, 620 

Mean of annual discharge of conetituent waterBheds 
from fig. 104. _____ ·-----------. -·- ___ --------- - 478, 650 

Average_····------------------------------ 478,598 
The only long-term record on San Juan River is that 

at Rosa, N. Mex., whlch :is below all streams proposed 
to be diverted and also below the mouth of the Piedra 
River. Monthly diseha.rge for the years Hl26 to 1936, 

. . 
inclusive, were estimated with correlation curves based 
on concurrent records of monthly discharges during the 
years 1916-26 for each of the watershed areas tributary 
to the canal and the reservoirs. The area of earh 
of the watersheds as compared to the area above Rosa 
is so small, however, and Rosa is so remote from the 
areas considered, that the results can only be con
sidered approximations, although the best that can be 
secured with the available data. 

Required canal and reservoir capacities were deter
mined by trial operations. Small diversion cannls 
were designed for a ca.pa.city 50 percent in excess of the 
mean daily discharge for the maximum mean month 
during the period 1916-25. Reservoir capacities were 
sometimes fixed by the physical limitations at the 
dam site and in other cases by the capacity necessary 
for the adopted operating schedule. A number of 
possible combinations of canal and reservoir capacities 
were studied with the one here presented found to be 
the most practical of any tried. Below the Navajo 
River canals were considered to he in operation each 
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Water Importation and Storage 

month except Janunry and February. .All other canals 
--~ assumed to be incapable of operation m the months 

·anuary, February, and March. Necessarily, capae-
., cannot pra.cticably be provided to capture all water 

available in high yea.rs, but the amounts escaping are 
not excessive. The operations are graphically pre
sented on figure 105. 

The 1916-36 mean of divertible supply is 380 1860 
11cre-f eet with no allowances for losses in transit or 
from the reservoirs. The :reservoirs are full for about 
2 months out of the year. The maximum total area 
of the reservoirs, excepting Boulder Lake, is 1,850 
acres. With an estimated evaporation rate of 2 feet 
in depth per year (new losses in excess of existing uses 
on the same areas), the loss would be 3,iOO acre-feet 
per annum. Seepage losses from the reservoirs would 
probably be recovered in every case except for the 
West Fork Reservoir as the canal diversions are so 
far downstream from the de.ms. The total length of 
unlined canal is about 52 miles. Canal losses would 
be offset in part by contributions from areas in New 
Mexico tributary to the main canal not included in 
the estimates of water supply. A 5-percent net loss 
through seepage should probably be anticipated, or a 
total of 20,000 acre-feet per annum. 
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Local Requ.1.rements In the San Juim Basin 

The San Juan River at Shiprock, N. Mex., has a 
drainage area of 12,738 square miles and a mean dis
charge of 21500,000 acre-feet per annum. Land cla.ssi
fication studies being made e.s a part of the Colorado 
Basin investigation under section 15 of the Boulder 
Canyon Act show that v.ithin this area there we.s 
irrigated in 1933 a total of 104,743 acres of land, of 
which 32,228 acres were in New Mexico, and 72,515 
acres in Colorado. Irrigation on the San Juan River 
and its tributaries above the San Juan-Chama diversion 
is practically nonexistent. Below the diversion and 
down to Arboles, a total of 2,245 acres is irrigated from 
the San Juan River and its tributaries. Below Arboles 
there a.re but 8,162 acres being served from the San 
Juan River. The balance is irrigated from tributaries. 
Bahmeier found an additional area of 2,567 acres of 
arable land above Arboles, all of class II character. 
Not over 360 acres of this a.rea can probnb]y be feasibly 
irrigated. With enough water left to supply 2,600 
acres, the balance can be diverted without injury to 
existing irrigation projects. Waters rising below the 
diversion line, together with losses from the canal will 
hold necessary bypasses to negligible amounts for these 
lands. 

TABLE 2.-Water 11upply-San Jlffln,.Chama tranamountain diversion 1 

!All qua:utltwi 1n tbOW111ll<h or acre-""'tl 
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11122. _.. ••• 168. 19 124. 56 40. 53 12t. 87 G8. 33 76. 00 66, M 334. 08 112. 47 • 14 63.113 71. 75 ~- W 17. 21 20. 19 ll. 37 3. 00 51. 77 fflt. M 81. 15 70. 00 :IS. 00 15. 00 IIO. 00 
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Meau anmial dlvenfOZJ.-·····-········-·-··· ······-·····-·······-··················-··········-·················-----·····---•••••. 3jj(l. 86 ••••••••••••.•••••••••••••••••••• 

The mean annual net delivery of regulated water to 
the Chama River above El V ado Reservoir is then 

· ""lated at 350,000 acre feet. 

The Piedra, Pine, Florida, and Animas Rivers enter 
the ma.in San Juan River below Arboles and adequately 
supply the 8,162 acres now irrigated. 
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Water Importation and Storage 

The Vallecito Reservoir with a capacity of 1241000 
acre-feet soon to be construct.ad on Pine River will 

'uce flood flows of the Sa.n Juan River but return 
• from the project may actually increase some of the 

!ate seuon discharges a.t the mouth of the Pine River 
and on the San Juan River below. 

White the extent of future development on the lower 
San Juan is not defu.dtely known, it is, nevertheless, 
certain that some storage for regulation of the flood 
flows will be needed to enable complete irrigation 
development. The Arboles site on the San Juan just 
below the mouth of the Piedra River has been surveyed 
but not explored. Geologists report a poor quality 
of sa.ndstones and shales in the abutments with little 
possibility of satisfactory foundation at reasonable 
depth. The sit.e was originally contemplated for a 
reservoir of 1,500,000 acre-feet capacity. A consider
able part thereof would need to be set aside for silt. 

During the summer of 1937,: two dam and reservoir 
sites were surveyed on the Piedra River and its tribu
tary, Wem.inuche Creek, the results of which are shown 
on figure 106. The reservoir on the Piedra River 
would have a capacity of 52 1000 a.ere feet with a dam 
245 feet higr-. It will obviously have a. high cost per 
acre-foot of capacity. On Weminuche Creek, a 
capacity of 140,285 acre-feet can be secured with a 
dam 160 feet in height but estimates of run-oft' available 

'he site indicate that no more than 96,000 acre-feet 
~pa.city is justified. The estimated cost of a. dam 

-.d reservoir for this capacity is $2,140,000, or $22.25 
per acre foot, inclucling the diversion of Willia.ms Creek 
into Weminuche Creek, the latter diversion being 
necessary to justify the capacity of 96,000 acre-feet 

T':itc :oil owing :u-e ;"lStimates Ji· ·l,~- .;nean lll.Dual 3ow 
of Weminuche Creek, Williams Creek and the Piedra 
River a.hove the proposed dam sites for the period 1916 
to 19251 inclusive. 

A.erc-#fl. 

Weminuche Creek at proposed reservoir._._-------- __ 41, 85-0 
Williams Creek above diversion to Weminuche Creek .... 40,600 
Piedra River above proposed reservoir ________________ SS, 830 

Over 50 percent of the present irrigation development 
on the lower San Juan River is served by canals divert,.. 
ing from the Animas River itself or from the San Juan 
River below the mouth of the Animas River. 

Incomplete surveys within the San Juan River Basin 
under the provisions of the Boulder Canyon Project 
Act, indicate a probable increase of about 30,000 acres 
in the irrigated area. in the future, in addition to com
pletion of development under existing ditclles, south of 
San Ju&n River, ma.inly below Farmington. A storage 
capacity of as much as 50,000 a.ere-feet may be needed 
for this area, a.nd can be sooured within the Piedra 

'Shed. Possibly an equal area may be developed 
., the lower portion of the Animu River and west-

21,11 38 82 
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ward along the north side of San Juan River. This 
area. ca.n best be served by storage on A.n.imas River 
with the Animas reservoir site at Durango, often 
mentioned in such connection. Utilization of the upper 
San Juan River waters for any purpose would have no 
bearing on Animas River plans. Florida River lands 
expect to secure some water from Va.llecito reservoir 
and must in any event look to Florida River for any 
additional supplies needed. 

It is concluded, therefore, that diversion of San Juan 
River waters to the Chama River wouJd not injure the 
future development of the San Juan Basin although 
with more extensive development than now anticipated 
it may become proper for the diversion project to assist 
in storage development for San Jua.n Basin use, to offset 
diversion oi waters which could be locally used. No 
.interference seems possible under present conditions. 

W eat Fork Reaen:oir 

The dam site is located on the West Fork of the San 
Ju&n River about 4 miles above its junction with the 
Ee.st Fork in section 29, T. 37 N., R. l E., of Mineral 
County, Colo. and about 12 miles northeast of Pagosa 
Springs. An alternative dam site 3 miles downstream, 
known as the Lower West Fork site, was investigated 
but found le.es desirable by cost and elevation. 

A storage capacity of 70,000 acre-feet is required for 
regulation of the West Fork waters. 
Summary of eatim.&te data: 

Storage capacity ____ -- __ --- . --- __ -- • 70,000 acre feet. 
Spillway capacity. _____ ._ ... ______ ._ 13,000 second feet. 
Regulated outlet capacity ___________ . 300 second feet. 
Elevation-top of dam _______________ 7,888. 
Normal ~nd maximum water-surface 7.S80. 
· ~ievation. 

Height of dam above stream __________ 160 feet. 
Total estima.t.ed co.st-dam and reser- $2,069,588. 

voir. 
Preliminary estimate--------. ________ Table 3. 
Reservoir topography and geologic sec- Fig. lOi. 

tion. 
Genera.I. plan and sections ____________ Fig. 108. 

The reservoir area a.t elevation 7,880 covers 1,100 
acres of privately owned lands. No clearing will be 
required. The nearest shipping point is South Fork, on 
the Creede branch of the Denver & Rio Grande Western 
Railroad 29.5 miles away. 

Wut Fork Ruerwir geology.-Almost the entire 
watershed. is of igneous flow rock containing little 
soluble material. The basin is a. normal erosional 
valley carved through these flow rocks (a.ndesite) into 
underlying sh.ales and sandstones. None oi the bed
rocks are exposed in the valley floor nor will the fl.ow 
lines contact any of the igneous rocks. The beds lie 
approm:nately horizontal. There are signs of faulting 
but it is believed that no recent movements have 
occurred . 
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lrater lmportaticm and &orage 

In the basin, the underlying shales and sandstones 
are heavily mantled with a variety of detritaJ. materials. 

asiona.l knobs of glacial debris rise above the strs.ti
sa.nds e.nd gravels laid down by the stream. On 

we sides, thick wash and slough areas are progressively 
overriding the bottom gravels. 

Vegetative cover on the floor of the basin consists 
of wild hay meadows, scattered spruce and cottonwood 
trees, while the sides are more heavily timbered with 
oak, brush, aspens, spruce, and pine. A water table 
tribut&ry to the river is indicated by spring and seep 
occurrences. It is believed that reservoir losses can 
only occur by seeping down the ve.lley in the sands and 
gravels overlying the relatively impervious bedrock. 

West Fork dam site geology.-The dam site occupies 
a portion of the valley narrowed by deposition of 
extensive morainal material in which the stream is 
now flowing (fig. 107). 

The right abutment is a chaotic mass of andesite 
boulders, cobbles, sand, and silt, somewhat lensed, but 
probably relatively impervious when considered as a 
whole, as disclosed by three test pits (nos. 1, la, and 2) 
(fig. 108) on which percolation tests were run. One 
drill hole (no. 1) indicates that between the morainal 
material which was found to be 20 feet thick, and the 
underlying shales, there is a 78 foot layer of sands and 
silts which· was evidently e. lake deposit later over-
-" len by the moraine. 

; the left abutment the morainal ma.teria.l ha.s been 
.... u is progressively being covered with a compact 
slough and wash material of angula.r rock and fragments 
embedded in silt, eroded irom the adjoining hills. This 
mantle wedges out on the moraine exposed at the river 
Jank. :\-faurial ~rndeci,-from :lie 3ide -iills -a.:ppe_9.r'S ~o 
he more compact and impervious than the morainal 
deposit. .Again, as on the right abutment, a drill hole 
(no. 2) disclosed a ]ayer of loose sand and gravel beneath 
the moraina.l deposit but much thinner (23 feet). 

The moraine terminates upstream and downstream 
on the stream axis outside the foundation limits of the 
dam itself, thus leaving exposed to percolation the 
rather loose porous se.nd and gravel strata. found 
beneath the moraine on the da.m a.xis. The percolat
ing distance ie adequate to preclude heavy or dangerous 
leakage. 

Dam.-This dam Bite is known as the upper site. 
The lower site is a.bout 3 miles dowustrea.m, or about 
a mile above the oomiuenee of the East e.nd West 
Forks. P]anetable topography was secured at the 
lower site in 1936 and at the upper site in 1937. Rough 
estimates disclosed that a dam for the same reservoir 
capacity at the lower site would be mueb more ex
pensive than one s.t the upper site and would not permit 
· ion for the canal in plan B without pumping. 

,ure 108 shows the general plan and sections fqr 
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the proposed dam at the upper site. The proposed 
section for the dam is of the compacted embankment 
type with a deep cutoff trench. Sufficient rock is 
placed on the downstream slope to protect the embank
ment and the rather steep abutments against sloughing. 
The dam is 2,500 feet long on top and attains a. maxi
mum height of 160 feet a.t the river crossing. Ample 
embankment borrow material is believed to be ava.il
ahle within a mile of the site. Sand and gravel de
posits occur about one-half mile upstrea.m from the 
site but have not been analyzed. Adequate sand pro
portions may be lacking. 

The entire foundation will require surface stripping. 
The material from the cutoff trench excavation can be 
used in construction of the downstream portion of 
the embankment. 

Spillway.-The drainage area. of the reservoir, ex
clusive of the Turkey Creek intercepted area is 83 
square miles. A spillway with a maximum ca.pa.city 
of 13,000 second-feet is to be constructed on the glacial 
moraine formation near the left end of the dam, as 
bedrock will not be available. A radial gaui structure 
was adopted to provide an S..foot freeboard without 
raising the dam. Three automatic radial gates 20 feet 
long by 17 feet hlgh and of substantial construction to 
withstand ice pressure a.re proposed. The gate struc
ture is of reinforced concrete, counterlort and cantilever 
wall construction. The spillway channel is of concrete 
cantilever wall construction. A roadway is provided 
over the dam and spillway, to connect vdth the pro
posed relocation of U.S. Highway No. 160. 

Outlet works.-For outlet and diversion purposes a 
12-foot standard horseshoe tunnel of liner ulate and 

... ~oncrete .ining ·:onstruction :s ;noviried 'Jnd~r ':.be :e!t 
abutment of the dam. The bottom of the trash :rack 
is p]a.ced above the tunnel to keep sand and" gravel out 
of the completed tunnel, provide protection for fish, 
e.nd to prevent complete draining with unsightly ex
posure of the reservoir bed. 

A gate chamber containing one 57-inch ring follower 
emergency gate is placed just upstream from the a.xis 
of the dam. A 57•inch steel pipe leads down the tun
nel from the gate chamber to the single 48-inch needle 
valve. The needle valve house contains the necessary 
pumps, piping, cranes, etc., required for operation. A 
gas-driven generator set is planned for ligb ting a.nd 
operation of the valves and spillway gates. The needle 
valve discharges into the spillway stilling basin. The 
outlet crest of the stilling basin is placed at elevation 
7,724 in order to control the flow into the outlet canal. 
The water surface in the canal is a.t elevation 7,723.5. 

Oonstruction.-It will require approximately 3 yea.rs 
to construct the dam e.nd ltppurtena.nt works. There 
is no local power ava.ilable for construction purposes. 
Estimate of cost is given in table 3. 
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Water Importation and &orage 489 

TABLE 3.-Departmml of tJ.e !rumor, Bureau of Reclamatwn, Rio Gran.de joint ift.llAtigatiom, Colorado, Wut Fork San Juan Dam, 
preliminary eltiff'!4k, Jan. 30, 1931 

.bankmeut: Top or dam, lllentlon 7,11118; n,:,rmal W11ter IIWfMle, eleVlltloD. 7~~ madmmn 'ft(c lllrllM,e, el&vatlon, 7.-,; mwmum llelrbt of dam, !00 feet; drawlnr 
no • ...,,...~) 

!Btonae caJ)IM:it:,, 70,000 a.cn-leet; IJ)lllway caJ)IIC!ty, 13.000 -d.feet; dJverslDll llll.]lallity,· 4,000 IIIIC!Olld•fllet: required ontle& aapr,elty, 300 MOODd•feet] 

Quantity Summary 

B11'11:B WOll 

Dlverslou and Wlwatering foundal.]01211.. •••••••••••••••••••••••• 

IIUll.THWOIIUt 
Exmvatlon, common, 

Stripping, dam folllldatlon ..•.••••.......••..•••••..•.••••. 

~:p~ =0:~~iceiiclies."::::::::: ::::::: ::::::::::: e: ud twll:lel Inlet and outlet .•.•••..•••••••.••••••. 

Roadway •.•••••••••••••••••.••.••••..•••••••••••••• -·-···· 
Bonow 1111d uansponation to dam ••••••••••••••••••••••••• 

EZ!llll'fatlon, met: BllfTOW 1111d ~l.ation to dam._ ••.•.••• 
Embankment: 

E&rtb llll compacted ••••••••••••••••••••••••••••••••••••••. 
Dmnped rock on downstream slope •....•.••••••••••••..... 

={~uf ~.~?~::::::::::::::::::::::::::::: 
Gravel tor ro;adway and ~illwn .•.••.....•••••..•••••••••• 

i=::rr:::_~~-~--~~~.~~~."-8-~-~~~--=::::::::: 
Dn,Jn tile: 

12-lneb diameter day tile l:o JTil\'el •..••••••...•.•••.••••••• 
8-lneb diameter clay tile in ua,·eL. .......•...•.•....•••••. 
6-illeb dlamaw clay tile in gravel... ___ ······-············· 

J'nssare IUOUtln&: TUllnel •••••• _ .................... ___ ••••••• 

com:un woax 
Cancreta: 

~~!r~:i:i_::::::::::::::::::::::::::::::::: 
"" · ~ operatl.1:q: floor of gata chaJ:!lber •••• _ ••••••••• __ •••••• 

· 'ud pta chamber-... ···----······---······-······ : ~ 11.11d mwff walls •••••••••• _ ••••••• _________ _ 

~ a;e;~;::::::::::::::==============:== 
Vlll\'B bmlal mbauucture. _. __ .•...... -·- .•..... --·-- .....• 

~ =~~~~~:::::::::::::::::::::::::::::::: 
Spec!&! l!nlablnc or oo.nctete smtaccs •••.••••••.•••. -··· .. __ 

~~J: 
'I'ra&h racll:.-------· .• ····-. -- .••... -- ...... ·- ...... ---- .••• 
ReinlllfOl!IIIlllDL steel __ ••••• __ •• -······ .............. -··--• __ 
Sieel liller plate •.••• ·-·········-·············--············ 
57-lnch rina:·fallowm gale aud control mecllam.sm ••• --·-·-·· 
'8-meh l*ldle vain and control l?leclwlism ••••••••. - -•••• 
11-tml hollst •• ·····--·-··· ·-- --- -·····-·· •••• ···- -• -••• ··---· 
~c 11%ler&to!' let and eqtlll)Ulent ••• -•.•••••• - .••••• 
67-mch lruid11dJam01« ontJet PiPBl-------····---·····-·---
1!0- by 11-foot radial pt.es a.rad OPG"itlUI m~.---···· # b:, SWoot faae ptes and opwallng mechanlsm _________ _ 
M~ lllllialwod: ••••• _ ••••••••••• --.-·····--······ 

Unit 

(1} 
• • ·- ·----- • ~--· ---• F 

(1) 

53,000 Cubic yard ..•..... 10.30 
14!,000 Cubic yard .....•.. .30 
159,400 Cubic yard ........ ,40 
]ljl9,800 Cubic yard __ ._---· .30 
22,400 Cubic nrd ....... - .40 s. ao:, Cubic :,ard ···- .... 7.lKl 
1,800 Cubie yard ••. ___ .. .1~ 

2,lll,300 Cubic yard •••.• ___ .25 
211,000 Cubic yard. .•... __ • 715 

2,000,800 Cubic JVd ........ .m 
Z11I, 800 Cubic yard •••••••. .20 
&l, :lOO Cubic yard_. ______ • 4-0 
24,300 Cubic yard ........ • IIO 
6.440 C11blc yard--··---· 1.25 

112,QOO Cubic yard •.••. _ . .10 
100 Cubic yard. •••.... .to 

800 Linear foot ........ .70 
1,000 Linear foot .. _ ....• • l50 
l, ao:, Linear foot. _______ ,50 
1,000 Linear foot ........ 1.00 

D70 Cubic yard ... -•••. 18.00 
.l!IO Cubic yard .• ______ ]4, 75 
lllO Cubic yard.---· .•. 12.&0 

1,950 Cublo JVd----··-· 12.00 
4,IIOO Cubic yard .. __ •••• 9.00 
l,27.:1 Cubic yard .•... _ •• 1L25 

Cubic yard.- ..••.. H.00 1, J:W 
41~ Cubic yard .••..... 12. 50 "' I Cohlo ------·· 

U. l50 
100 Cubic yard .••• ___ . 12. IIO 
30 Cubic yard .. _._ ... 22. 00 

350 Cubic yard .•.....• 111. ,l() 
2,000 SQua:e yard_ ...... .00 

32,000 
1,065,000 

e(l),000 
48,001 
37,GOO 
28,000 

(1) 
212,000 
109,000 

11,300 
:illll,000 

. 
Pound.--····-····! .02 GtO 
Pound ..... ···---· .02 2J,300 
Pound.--------·--'----·······- -------·--·· 
Polllld . .. • • • • • • . . • • 04 1, 744 
POll.lld.---··-···-- .IX! 1,m 
POll.lld_._......... .02 6CIO 

-------······---- ••• (I) 300 
Pound............ .025 1,IIOO 
Pound.---··-····· .OS 3,270 
POUlld_. .••• •• •••• . 11'.1 lGG 
Pound.----------· .10 2,(10() 

I0-45 
.30 
.20 
.so 

4.00 3,880 
4.00 7~ 
1.116 648 
'-00 7,800 
4.00 17,200 
4. 00 11,100 
uo 4,520 
a.ea 1, tlM ,.oo 11M 
3. l!O 360 
f.00 120 
4.oo 1, t00 I 

--- .. ,..--m-... ~ ••·~---- ...... ~-1. 

(1) 

.08 
.oo 
;05 
.24 
.22 
.19 

• (11 

.09 
,08 
.10 

2,560 
31,960 
25,000 
10,464 
11,272 
11,3:lO 

800 
H,840 
11,810 

004 
2,000 

('} 

S0.30 
.a~ 
. 40 
.30 
.40 

7.M 
. 76 
.25 
.75 

.08 

.20 
• 40 
.so 

l, 2/j 
.10 
.,o 

l. l5 
.00 
• 70 

1.1!0 

2:1.00 
18. 75 
1e.10 
16.00 
13.00 
15.25 
18 00 
16. JO 
15.50 
16. lO 
2'i.00 
20. ro 

.00 

. JO 

.05 

.os 
.28 
.25 
.21 

(1) 
.005 
-12 
.10 
.20 

n.ma: 
Oo:lltrol bouai,= aonerete •• ---····--··-------··•··--··• (I) ••••-••--•••••-•·-·• (I) 300 (1) l,.200 (1) 

F~~~~~-;~-r~~~!~t~: l,~ ii&;::::========:= u.~:~ J;: ==:::::::::: ::::=======: ==:::::::==:I 
~~:.~-~:~-~--=:::::::::::::::::::::::::::::: l,~ ~:::::::::::::: ··--~~-- ••••.••• ~. ~:: 40, m ~::i . 

Subto&als-----------·-· .. ---------------········-········ ····--·-······ ··-······------·-··· . ····----··· l, '57, .500 •••••••••••• ll:H, 802 •••••·•• --·. 
~tlupndes: us~'-·-··-------·----········--······· .. ··---······· ··--······------- ... ········-··· ·····--····· ·····--····· ··--· -······ ...... ···-·. ~=f'~·--·-------------- :::::="_::::: ----------------- -- ----------- ------ ·---- ---------··· -------- ---- :::/'_:::: 

~ ~ =-llt,cnp. •• =============== ==========:=== ====:= ======== ===:: ===: ::::: === = == :: : :::====== ====== ::: ==: : =======: ==:F :: : ====: ==========:= 
•Lamp mm. 

$:l,000.00 

15,900.00 
'3, 500,00 
fl3, 760. 00 
59, ll-W.OO 

11, 960.oo 
62,~00 

l,M0.00 
627,800.00 
183, lOO. 00 

184,M4.00 
65, 7!!0.00 
32, ffl). 00 
12,100.00 
6,800.00 
11,290.00 

aoo. oo 

21, U0.00 
a. :m.oo 
:Z.ffl. 00 

31,200.00 
55, oo:J. 00 
19,444.00 
2':l, 340. 00 
6,681. llO 
3,333.00 
1,610.00 

.S0.00 
7,175.00 
l, 200. 00 

3, :?00. 00 
M.~.00 
35,000.00 
12; 208. 00 
9, 400,00 
5,880.00 
l, 000.00 

20, HO.Oil 
1.3, 080.00 

830..00 
4,000.00 

l, 500. 00 

a,:moo 
45,000,00 

l, 500. 00 
40,700.00 

I, 002, 3A:18. 00 
:MIi, 3-t8.00 

1, 9U, G&4. 00 
6, 000.IJO 

11A. aaa. oo 
111,m.oo 
J8, :13(. 00 

2, oee, 61111. 00 
211, !ii 
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Water Importation and Storage 

Eut Fork Reservoir 

The Ea.st Fork da.m site is in section 36, T. 37 N., 
r ~-, of Mineral County, Colo., and approximately 

as above the jUDction of the Ea.st and West 
} cu!Cs of the San Jua.n River. 

A storage capacity of 35,000 acre-feet capacity is 
required for regulation of East Fork waters for diver
sion to Rio Grande. 
Summary of estimate d&ta: 

Storage capa.eit.y ________ • ___ .•. ______ 35,000 acre-feet. 
Spillway capacity ____________ .______ 10,000 second-feet. 
Outlet capacity at low water_. __ • __ • _ _ 300 second-feet. 
Elevation-top of da.m _______________ 8,167. 
Maximum and normal reservoir water-

surface elevation ------------------ 8,160. 
Reservoir area at elevation 8,160 ______ 570 acres. 
Height of dam _______________________ 150 feet. 

Total estimated cost-dam and reser-voir _____________________________ $1,449,000. 

Preliminary estimate __ • ___ •••• ___ • _ • Table 4 
Reservoir topography and geologic 

crou-eection _____ . --- _ -- -- ___ •• __ • Figure 109. 
General plan and sections._. ______ .__ Figure 110. 

Geological mmmary.-The basin is a. normal erosional 
volley eroded into a somewhat unusual and interesting 
bedrock complex. In brief, the foundation rook is 
believed to be irregularly eroded black shale (Mancos) 
over which a series of volcanic a.ndesite flows (Conejos) 
was erupted. Recent erosion has reached shale in the 
b.. ;..., while immediately below the axis the river is 

>wing on andesite. The bottom flats in the reser
"... d.re heavily mantled with stratified gravels, while 
terrace remnants of similar loose, permeable gravels 
line the sides. Irregular wash, slide, and glacial de
posits are also to be found. The water table is tribu
:aJ:"7 :o. :he ,t:ream :i.nd :10 -=-~sers:;oir ,eepage :s :o 'Je · 
expected other tha.n some downstream movement 
through the detrita.l deposits. 

The dam site occupies the only economical narrows 
commanding this basin. The old shale surface, on 
which the andesites were extruded, dips downstream 
in this area. This contact zone comes to the surface 
in the vicinity of the dam site, so that the immediate 
rock foundation on the a.xis is probably shale or sand
stone, although andesite ma.y be encountered. The 
only bedrock that possibly can be utilized during con
struction, provided the detrital foundation materials 
a.re not excavated, is the andesite in the right abutment. 
This rock is more in the nature of a flow breccia, an 
angularly broken and fractured andesite that is some
what :recemented. The character of the contact 
materials is not known, as no exposures were found. 

The site must depend almost entirely upon the control 
and use of the various overburden materials. On the 
right abutment a talus deposit of unknown character 
, 'Oss.ibly 100 feet deep overlies andesite breccia. 

.ebris may prove to be quite permeable depending 

491 

upon the a.mount of interstitial silts. No pits have been 
dug. The foundation gravels may extend for some dis· 
ta.nee under the right talus and possibJy also under the 
left moraine. These loose permeable gravels arc of 
unknown depth. The left abutment is composed entirely 
of a glacial moraine of undetermined quality but surface 
exposure indicates an unusually thick assemblage of 
semiangula.r boulders, gravel, sand and silt, the whole 
appearing unusually compact. It is believed that this 
moraine is lying on and against landslide rubble. 

Dam.-Since the dam foundation consists of glacial 
moraine material, a compacted embankment type was 
selected. It is estimated there is sufficient embankment 
borrow material within 1 mile of the site. There appear 
to be ample sand and gravel deposits along the river 
within one-ha.If mile upstream for the required amount 
of concrete. No tests have yet been made to determine 
suitability of these materials for construction purposes. 
Rock for the downstream toe is available in nearby 
talus slopes. 

The dam is 1,140 feet in length along the crest and 
attains a maximum height of 140 feet above river bed. 
A deep cut-off trench extends the entire length of the 
:lam, the excavation from which can be used in the down
stream portion of the embanlment. Sufficient rock is 
to be placed against the downstream side of the em
bankment to make it stable. The entire area under the 
dam will require stripping of vegetation. 

The spillway, located in the left abutment, contains 
three 17 feet long by 16 feet high automatic radial 
gates constructed to withstand ice pressure. The gate 
structure, spillway channel, and stilling basin, a.re of 
reinforced concrete, with counterlorted and cantile'\"er 
"V~ll _const!11ction. With water -at ~leve~tion 3.160, the 
discharge capacity oi the spillway is 10,000 second-feet. 
The drai,ne.ge area is 60 square miles. 

.A 12-foot diameter horseshoe tunnel with steel liner 
plates and concrete lining will be used for diversion of 
stream flow and later as outlet tunnel. The inlet and 
trash rack is placed a short distance a.hove the reservoir 
floor to provide a depth for storage of materials brought 
in by the stream and for protection of fish. A single 
57-i.nch emergency ring follower gate is placed in a 
chamber in the tunnel under the a.xis of the dam. From 
the gate chamber a 57-incb steel pipe leads downstream 
in the twmel to a single 48-inch needle vake. The 
needle valve, which is located in a valve house at the 
downstream end of the tunnel, discharges into the spill
way stilling basin. The gate chamber and valve house 
are to be equipped with the necessary pwnps, piping, 
cranes, etc., required for operation. It is planned to 
install a gas-engine-driven genera.tor to supply energy 
to operate gates and furnish lights. 

It will require approximately 2~ yea.rs to construct 
the dam and appurtenant works. No electric power iP 
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U1ater Importation and Storage 493 
TABLE 4.-Deparlmenl of the lnlcrim, Bureau of Reclamation, Rio Graruu joint in~e,tigatiom, Col-Orado Eo.8t Fork San Juan Dam, preliminary 

utimate, Jan. SO, 19S7 

'1 embamkment: Top o! dun, elenUon 8,167; normal wt11.ef IUlface eleutloQ, B,100; inuimUJD ...tc mr1ace elevation, 8,100; maxlmam be!g;ht or dam, 150 feet; dnawi.111 
m-n-ae.J 

(Ston,p capaclty, 85,000 11Cte-feet; ap!l!way capacity, 10,000 AoCOlld·fMt; diversion capacity, 2,000 N01md-reet: required oatlel capacity, 300 second-feet] 

Matllrial and labor rm. Mawlal fwn!shed by 
nlsbed by tb11 oolltnctor the GoV11r11me111 Summary 

Amonnt Unit U111t eost Total cost Unit cost Total oost Unit cost Tot.Ill cost 

~'ll'O&lt 

DhmalOD, and nnwatermg fmuldation .••.••••.••••.••••••••.•• 

JUISTIJWDJllt 
ll:xaantlon, omnmon: E\=: i=o~J:-~~::::::::::::::::::::::::::::::::: 

Toe dral.lu 1111d cut-otr tm:,cl,es ••••••••••.•.•..•••••••••••. 
lh,!llw111y, aud tullllel inlet 1111d outlet. .•• ._ •••••••••••••••• 

fen":::; Blld transpon;atiou to dam •.•••••••••••••••••••••. 
J!navatioD, rock: Bonow, 11111d tn.mpcrtat!on to dam ••••••••• 
Embankment: 

Ewt.ll llll oam~ •••••••....•••••••••..•.....••••••••••• 
Dumped roclt OD downstream slope •••••••......•••••••••.. 
Rlpmp rock OIi upstream slope and splllwal' •••••...••••••• 
Bacli:llll about stm~ .................................. . 
Gra~I tor l"Ollldway and nnder Q:1Wway ................... . 
Oversized boulden a.nd pvel mi downstream !!lope •••••••• 

GJIOVTDIG Al'ID DIU..DUGllt 

Preaun l!'OQtiDS: Tnnnel. ................................... . 
Dn.wWe: 

12-lncb dlameter clay tile ID Efflvel.. .••••••••.••••••••••••• 
8-meb diameter claJ We in gra'tel ••••••.•••...•.•.••••••••. 
8-mcb diameter clay tile In gravel.. ...•••••••.....••••..••• 
4-lncb diameter cla7 We Jn EfflVeL. ••. ,. •••••••••••••••••••• 

OONCIIS'fl 'WOii][ 
Conmre: 

Tmmel cot-off llt'llars ..................................... . 
Spillway 1loor and cot-o!f •nlls ........................... . 

~fill=~~:::::::::::::::::::::::::::::: 
.rJ.:~r m::ltloii:::::::::::::: :: : : : ::::::::::::::: 

. ..JO'W opcn&tinJ! fleer or pte ab&mber .................... . 
Twmel 111d pte chamber ••.••••••••••••..........••••••••• 
Needie-nlve bouae mb$trncture •....•••••....•.......••••. 
Needlf-valve house supontmcturc ........................ . 
Speclal CXlllt:rele flJIJshlnr. - .......... -..•.•••••••• -••••... -

lilllTALWOJIE 
M1t111l: 

s~~~;:~~~~:==:===::::::::======::::::::::::::::::i 
57-lncb lmldr db.meter outlet pipes ...................... .. 
57·incb rilll!·follower pte and COD!rol mcclw1iml .......... . 
•mcb nM1lll valve and oontrol meclwiism .•••.•••••••.••• 
&-toll hoist. •••••••••••••••••.••••••••••••••••••....••••.••• 
Oa&-ei.ctric pn:m.1.or 11et and eq11lpment ................. .. 
Ml~ meta111,or!r •••••••••••...•••••••••••••••..•.• 
3 17· by Ill-foot radl&l sates ad oper11t!nr; mecluuiiml.- .•.. 

Items: 
Xl!IICl:U.,l.l!IJIOUI l'TlllilS 

~~=~~t:,:gr':iiieiit.,m.0o-iemineii't"iro.in. 

(1) 

411,000 
87,000 

B, ?00 
M,300 

114,000 
87,100 

l, 181,000 
181,200 

1,182,000 
l8t, 800 
30, l500 

G, 000 
2,700 

81,800 

Cubk yard •.•••••• 
C11blc Jard .••••••• 
Coble yard •••••••. 
Coble nm ....... . 
Cubic nrd .••••.•. 
Cubic }'ard ....... . 
Cullie Yim! .••••••• 
Coble Jl'lll'd •••••••• 

Cubic yard ....... . 
CUblcylll'd ....... . 
Cubic yard ....... . 
Cubic :rard ....... . 
Cullie Jard ....... . 
Cubic nru ....... -

6,000 Cubic loot •••••••.. 

fllXl Lin.t reet ••••.••• 
2,MIO Llllear fMt ...... .. 
1,000 Linearreet ...... .. 

300 Lina, feeL •••.••. 

(1) 

$1.30 
.30 

7.liO 
,41) 
.40 
.30 
,25 
• 75 

.10 

.20 

. .a 
,5() 

1.25 
,10 

1.00 

.10 

.oo 
• liO 
• IIO 

$3,000 

a.ooo $1.00 

al .45 
1, 15(1() .30 

liOO .20 
00 .20 

100 Cubic yard ••• ·----
3, i500 Cubie nm ....... . 

9.00 llOO . 4.00 

330 C'ubiQ nrd •••••••• 
74!0 Cubic Jl'l,l'd •••••••• 
DJ Cubic nrd ....... . 
100 Cubic ')l'!ll'd .••••••• 
400 CuDfo JVd ....... . 
100 Cubic nro ...... .. 
UIO Cubic ,ard ...... .. 

1, llOO Cubic yard_ ...... . 
100 Cubic 7ard ...... .. 
30 Cubic yard ....... . 

710 Square yard ..... .. 

11.00 
1125 
14.00 
12. IIO 
u. 50 
11.00 
H.73 
12. IIO 
12.00 
12.50 
22.ll(l 

.00 

81., liOO 
3,713 

10,&IO 
4,000 
l,UiO 
7,3)() 
1,473 
2,250 

22, soo 
1,250 

MO 
al 

. ~J~:~. ~~:~:~:::::~::::· ·2",: !2t~j 

517,000 Powid ................................... . 
210,000 Powid............ .023 6,250 
43, 000 POW!d. ••• . . .... • . . Of I., 744 
37,&00 Pound............ .03 1.128 
28, 000 POIIUd... . • • • •• • • . 02 5e() 

(') (!) lllO() 
26,100 Po1111d....... .... .10 2,610 
85,000 POlll.ld............ .03 2,550 

(1) 
7111 TOll ••.•••••••••••• 

(1) 
4. 73 

800 
3,757 

'-00 
4.00 
4.00 
,UIO 
4.00 
4.00 
4.00 
am 
4.00 
3. 00 
t.00 

•-"'-m __ ,..,..,,.., 

. .18 

.JJ 

.05 
.07 
.24 
.22 
.19 

(') 

(1) 

.10 

.09 

1.\000 
270 
1MI 
20() 

40 

400 
14,000 
l,32:l 
a, Ot-O 
1,152 

400 
l,GOO 

400 
MS 

7,aoo 
3f,() 
1::s:i 

••mmm ____ ,..,._., 

.. :;M 
;g, ..as , 
2.:i,800 
M,700 
l0,464 
s,:m 
.5,320 

800 
2,610 
7,6ro 

(I) 

I0.30 
. 30 

7. 50 
,10 
.40 
.30 
.2.:; 
• 75 

. 10 

.w 
.40 
.50 

l..2S 
.10 

2. 00 

1.15 
.90 
• 70 
.6() 

13.00 
13.00 
1.5. 25 
UUlO 
IG.10 
~.50 
22.00 
18. ,~ 
1G.10 
lfi.00 
uuo 
26.00 

(I) 

(') 

.60 

. :o' 

.Js"' 

.05 

.011S 

.28 

.25 

.21 

,3) 

.12 

Booth Fort, Colo., w the dam site (43 miles). 
"":l&h,..•• ----•~- ......... 3 Mlle.............. 20,000.00 100,000 .••••••• • .,... 000 
;~~~ .. ltl'iiit';iiiiei:::::::::::::::::::::::......... 2 uu~.............. aoo.oo aoo 200 400 ..., 500 

i=,.~:::::::::::::::::::::::::::::::::::::::::: ~ !:::::::::::::::: ...... ~.~- ...... ~~. ······25_00· 6,250 it: 
BubtotaJs. ••• ••• •••••••• ••• ...... •• ••••..••••• •• •• • •••••• •• • •••••• ••• • • .•• •••••••• •• ••••••• •• • ••••••••• 1. 021, ma •• •••• •••• .• 1u, ll85 .••••••••••• 

CcmUDl!llldes, l&perceut .................................................................................................................... ,. ......... . 

~~~~:::::::::::::::::: :::::~~:::::: :::::::::::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::'.!::;:: 

c~~ ~~ ~~::::: ::::::· ::: : :: ·:.::::::::::: : :::::: ::: : ...... :::::: :::::.::. -- .••......•• : .::: .•••••••• : .::::::: .. , ............ , .•.•......•• J 

I Lllmplllm, 
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14, ;oo 
20, 100 
155,230 
21,720 
~.600 
=5, 130 

295.250 
12),llOO 

118,llOO 
16, llOO 
12,llOO 
3,000 
3,375 
&, 150 

10,000 

$00 
3,250 

700 
100 

1,300 
4.5, &JO 
6,032 

13,MO 
6, 152 
1,550 
8,800 
1,875 
2,898 

30,400 
1, 6110 

i!lll 
al 

_'.,?J 
u:2, ,,~ 
~. 8.lO 
111,950 
12. :z,:,s 
9,400 
3,8SO 
1,000 
5,220 

10, llOO 

1,,"100 
3,737 

100,000 
1,000 
1,250 
11,250 

I, 162,888 
li(, 433 

1,337,321 
.5,000 

116,866 
13,373 
26, 74\1 

1,449.300 
il.U 
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Water Imporlaticm and Storage 

available in this locality. The nearest railroad shipping 
point is South Fork, Colo., a distance of 38 miles, of 

'ch 33 miles is U. S. Highway No. 160, over Wolf 
Jk Summit, and 5 miles will be new road of difficult 

construction. About 50 acres of the reservoir site will 
require clearing. 

Blanco Resenolr 

The Blanco dam site is located on the Rio Blanco, a 
tributary of the Sa.n Juan River, in sections 1 and 12, 
T. 34 N., R. l E., of Archuleta County, Colo., about 
13 miles southeast of Pagosa Springs. A storage ca.pa.c
ity of 15,000 acre-feet is required at this site to detain 
flood waters in excess of the capacity of the San Jue.n
Che.ma. Canal. 

Summary or data: 
Storage capacity_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15,000 acre-feet. 
Spill11.·ay capacity ••• ---------------- 12,000 second-feet. 
Outlet capacity at low water _____ . __ .. 500 second-feet. 
Ele,·ation-top of dam--------------- 8,007. 
Normal and maximum water 11urface 8,000. 

elevation. · 
Height of dam above stream leveL •• _ _ 102 feet. 
Total estimated cost-dam and reoor- $1,000,494. 

voir. 
Preliminary estimate •• __ .• ___ ------- Table 5. 
Reservoir topography and geologic sec- Figure 111. 

tions. 
General pJan and sections of dam_ _ _ _ _ Figure 112. 

'l'he reservoir area. at elevation 8,007 is 325 acres, 
1hich 150 acres are privately owned lands and ap

.. ~o:rimately 100 acres will require clearing. The area 
of the watershed is 69 square miles. 

Geological eummary.-Tbe Blanco Basin is a normal 
erosional feature cut into black shale of the Mancos 
3er:ies vhich :s :ound :.n ~he· bottom ':ieneath :1 ·~hick 
deposit oi river 'gravels. This shale is iuimantiaily 
horizontal but may dip slightly upstream. Overlying 
this shale but everywhere well above the flow line, is 
found a capping of Conejos andesite. The contact 
between the two is very irregular, the andesite having 
submerged the hills and valleys of the eroded shale 
topography. Intrusive igneous dikes a.re apparently 
common in the shale, and examples were encountered 
by the chum drill at the dam site. The entire reservoir 
floor is heavily mantled with porous river gravels, 
while the basin sides are covered with glacial terrace 
gravel and moraine, as well as extensive, erratic wash, 
and slump debris. Consideration of the bedrock char
acter, together with observation of springs and seeps, 
suggests that the ground water is tributary to the stream 
and that no reeervoir loss ca.n occur, except as seepage 
downstream through the various detrital materials. 

The dam site must depend entirely upon similar 
overburdens both for support and adequate impermea

'y, Two alternative axes were explored at the 
dl' narrows before selection of the final proposed 

495 

dam site. Three pits were dug on the rejected axis 
while three pits and two churn drill holes were com
pleted at the present axis. The eventual bedrock is 
the Mancos formation of the reservoir; a black, compact 
shale that in itself should be sufficiently impervious 
a.nd stable for earth-dam construction. A study of the 
overburdens shows that several types of deposits will 
be encountered. The immediate foundation, in the 
river, is a recent stratified gravel probably resting at 
no great depth on glacial moraine. The latter debris 
forms the right abutment, where pits indicate a fairly 
compact assemblage of boulders, gravel, sand, and 
clay that appears quite stable and relafrrely impervious. 
On the other hand, the left abutment is composed 
largely of glacial terrace outwash; a stratified deposit 
that bas alternating gravel, silt, and clay layers. 
Erratic moraine debris is also found as evidenced bv 
several extremely large boulders 20 to 30 feet in di. 
a.meter. Layers of the outwash will prove to be very 
porous and although these can be expected to have 11 

lensed character, some horizons may extend over long 
distances, long enough to pass entirely beneath the dam. 
In this regard, the lensing will be more pronounced 
laterally, while eha.nnellike areas are more likely to 
extend up and down stream. The water table in this 
debris fluctuates widely, depending upon the amount of 
irrigation. With none, it is believed that it would be 
found close to the present river level. Two drill holes 
show the shale to be 118 feet beneath the surface in 
the river ch8llllel and 88 feet under the left abutment . 

Dam.-Figure 112 shows the general plan and sections 
for the proposed dam. Excavation to bedrock was 
considered too costly and not necessary. The proposed 
de,m is of the comna.cted embankment :vne -nth !l 

deep cut-off trench,· the material from ~hi~n can 'be 
used in the downstream portion of the embankment. 
Sufficient rock is placed on the downstream slope to 
make the embankment stable. The crest of the dam 
is 2,300 feet in length and the ma.ximum height at the 
river section is 102 feet. There appears to be sufficient 
embankment material adjacent to the site. Sand and 
gravel deposits a.re a.bout one-ha.If mile upstream but 
no pits ha.ve been dug nor analyses made to determine 
their extent or quality. The entire dam foundation 
will require stripping of vegetation. 

A gate spillway with a. maximum capacity of 12,000 
lle('Ond-feet will be constructed in glacial debris material 
on the right abutment. The gate structure provides 
the necessary freeboa.rd without raising the dam. 
Three automatic radial gate.sf 18 feet long by 17 feet 
mgh, will be constructed to withstand ice pressure. 
The gate structure is of reinforced concrete with oounter
f ort type side walls. A roadway over the dam and 
spillway may be extended to join the present road at 
the right abutment. 
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Water Importation and Storage 497 

For diversion a.nd outlet purposes, a. 12-foot die.meter 
horseshoe tunnel with steel liner plat.es and concrete 
,;ning is provided under the right abutment. The 

et and trash rack is placed a.hove the floor of the 
.--servoh to keep sand and gravel washed in by the 

river out of the outlet, a.nd for protection of fish. The 
outlet works consist of one 66-inch needle valve and 
one 54-inch ring follower emergency gate located in a 
chamber in the tunnel under the axis of the dam. 
The needle valve discharges into the tunnel which, in 

TA.Bl.a: 5.-.Bfarn:o Dam, preliminar11 eafimate, Jan. SO, 1937 

Earth embaumellt: top or dam, elllvat1011 S,007; normal water IIUfface, elevation 8,000; spillway c:rest, elevation 7,983; l:IW'.lmum height of dam, uo feet; drawiDI no. 253-D-3R 

!Btonce capacity, 1&,000 ICN-feet; spillway capec::lty, 12,000 NCODd·leet; dJvenioo capacity, 3,000 11MOnd-leet; required outlet capacity, 500 seoolld·leetJ 

Quantity Material and labor Im· Mat«llll fw1:Jishlld by Summary Di.bed by the eoutnctor the OonrDmmt 
Item 

1Un:11 wo111: 

Dlvlll'lion &Dd unwaterlni foWldatlous •• _ ••••••.. - ••••••••••••• 

ltAIITBWOIIII: 
Excanlio11 COlllmon: 

t:~a~fJ~~ii::::::::::::::====::======:= 
Sp!llway1 t!Umel inlet and outlet .••••••••••••••••••••••••.• 
Tunnel !DI.fl &lld pte cb..mber ··--······-··---·······---·· 
Borrow &nd ~tatlo11 to dam ........... ---···-······· 

!xcevatlo11 roet: Bomiw aDd 1tausportatio11 to dllllL •• _ ...... 
Embmikme11t: 

Ellfth1ll! compected ....................................... . 
Dumped rock Oil dOWlllltrl!am slora:--- ........... -........ . 

:~~{~if==~~~~~: .. ~~-~~~~~~~~~~~~~!: 
Gravel rorroadway Blld sp!llwa7 ................ - •••••••••• 
O~ermeil 1111vel 1,11d boulders on downstream slope ....... . 

OIIOunNQ AND DBAIN AGE 

Drilling: Weep boles._ .................................... ___ _ 
PressuN 11'(1Utmc: 'l'uauel. ••••••••• _ •••••••..• -•• ·-·········-· 
Dram tile: 

12-lnch diameter cla:, tile draw In gravel...--··· •••.••••.•. 
1-Jncb diameter clay tile dJ'alll l.D i!TBVel_ ••••••••• - ••••••••• 
0-1.Dch dlalllllter lli&7 tile drain l.D irravel •••• __ •••••••••••••• 

.!ftte: 
'l'nsll.l'llct aDd tnns!tio11 •••••••••••••• _ ••••••••••••••••••• 
Twmel llld llhart l.b:unl!--················-················· 
Oete clllllllber ••• ·····-·············· •••••••••••••••••••••• 
8pWwa:, 1111,te ltmctun .••••••••••..• _ •••••••••••.••••••••. 
Spill"'11Y ~ •••••••••••••••••••••••••••••••••••••••••• 
Para;,eta 11.11d mrb walls.- ••••••••••••••••••••••••••••••••• 
Colltrol llowie •••••••••••••••• _ ••••••••••••••••••••••• _ •••. 
8J)ecial C!CllM!te J!nlshlag •••••••• -- •••••••••••••••••••• - .• -

M.ew· 
Tunnel &nd shaft liner plates ............................. . 
'l'ra!hraclr. •••••••• ••·••••• •• -- •.••••••..•. ••••• ••••. ·-·. -
Rel11foi-cieme:t1t ban •••.•••••••••••••••••••••• ---····---···· 

•1 'IV-hleb rill! follower rate and oonttol mechanism ....... .. 
l 4!15-IDoh IIMdlenlve ud operatin, mechanism ••••.• ___ ._ 

tl!t!T.t::= ~~=~5~~:~-~~-~::.-.-::: R~=:~i;~===: :: : ::::::: ::::::::: ::: : :::: ::: 
O&Hlectr!~ re:tllll"lll.ol' 1111t and eqwpment •. _ •.••.••..•••.•• 
8-toll boW •••••••••••••••••••••••••••••••••••••••••••• _ •••• 

A.moUllt 

(1) 

fl,000 
113,000 

135,000 
ll6,000 

11,800 
738, liOO 
78,100 

88'1, llOO 
70,500 
35,000 
10,000 
3,800 

Z3,MO 

300 
f,,600 

700 
2,300 
J,800 

100 
l,900 

375 
1,200 
a, 700 

850 
:Ill 

125 

«11, 000 
H,000 

tOO, 000 
81,000 
86,000 
1118,000 
17,000 

2,700 
2, l500 
a.ooo 

(') 
Zl,000 

(I) 

Cnlt Unit ooist Total COS!. 

.. -........... ~----·· ............ (l) IM,000 

Cnblc :l'll'd...--·--· I0.30 12,300 
Cubic :rar~ ••••••• .30 Q,900 
Cubic :,vd ••••••• • t() M,000 
Cubie yard ••••.••. .40 46,000 
Cublc Jard .•• -..•• 7. 00 6t, l500 
Cubic yard •••••••• .25 1114, 1125 
Cubic :,vd •••.•••• • 75 M,573 

Cubic yard •••••.•• .10 118,7~ 
Cubic yazd .•••• ___ .20 14,100 
Cubic :ya.rd ________ • 40 H,000 
Cubic :rard .••••... • liO 6,000 
Cubic )'Vd •• _ ..... l.25 4,l!OO 
Cubic yar,J __ ··-··- .10 zwi 

Linear foot .••••••• l.00 300 
Llnear foot .••••••• l.00 4,500 

Linear toot.. •••••.• • 70 411() 
LID9ar foot .••••••• .oo l,1111() 
LiDe&r foot •••••••• .l!O 000 

Cubic yard •••••••• 14. 76 l,476 
Cubie rard •••••••• H.00 :1111,IIOO 
Cubic :,ard •••••••• 12.00 ,ooo 
Cubic yard .••.•••• ll.00 13, :IIO 
Cubie yard •••••••• ll. 75 43,475 
Cubic :,vd .••••••• 18. 00 15,800 
Cubkyard .••••••• 18.00 450 
Square yard ••.•••• • Ill) tllS 

Po11.11d •••••••••.••••••.••.••••••...•.••••• 
PDUDd............ . OZ 280 
Po11.11d............ . 02 8,000 
Po11.11d............ . M 3.240 
POlllld............ .03 1,IIIIO 
Pound............ .03 Zll40 
Pooud.. •••••••••• • 03 610 
POlllld............ ,03 81 
POlllld............ .05 l:la 
POUDd...... •••••• • 10 000 

•••••••.••• --- •••••. (l) 200 
PD1md.. ...... •••• .o:z l5«l 

AO Ton .............. . 
(l) 

4.00 

Unit eoet 

...................... ___ 

--------------------.. .,, ..... ........... ______ ,.. ... 
......... _ ---- ---~ -.. -................ ,.,. ......... ________ 
.. -..................... 

----------- .. ....... _________ 

------------........ ________ 
------- .. -.... .......... ________ 

---... -................ .............. ____ 

S0.45 
.30 -~ 

4. IIO 
4. 00 
4.16 
4.15 
4.00 
4.00 
4. 00 ................. ______ 

(l) 

(l) 

.05 
,(18 
.03 
.:u. 
.22 
• Oil 
. u 
.DU 
.07 
.lO 

.19 

Total cost 

.. ........ ___ ......... -~ 

---------- .. ----- ................. _ 

---··"' & ...... "'"' -------- .. -- .. 
- ... -........... ~ - ... --
----·--------- .............. _____ 

-- .. -............. __ 
------------___ ,,_,.,. ............ 
----------·------ ................. 
..... -------- -~ 

-- .. ~ .............. --
•----e-mmm-m 

$315 
GIIO 
3eo 

4&l 
I!, 740 
l,553 
4.980 

17,020 
3,910 

115 _ .. _______ .. __ 

20,350 
I, 120 

l2, 000 
19,44-0 
H,520 
S,820 
1,870 

2'3 
m 
liOO 
800 

5,320 

4 Mlle.............. 5,000.00 21,000 ·····.....,"" ............. . 
ll Mlle.............. 3IOO. 00 900 ....,, .., """ 

!: f:::::::::::::::: ...... ~:~ ....... !:~. 3.:i. 00 ~ 250 

t.:nit east 

(') 

S0.30 
.30 
.40 
.40 

7. liO 
• 2S 
• 75 

• lO 
.20 
.40 
. 50 

l.26 
• JO 

l.00 
1.00 

1.15 
.00 
'70 

19.35 
18.IIO 
10.16 
1,5.15 
111.35 
22.00 
22.00 

(1) 

.00 

.os 

.10 
.05 
.28 
.:is 
• l2 
.14 
.12 
,12 
.30 

.21 

(1) 
4.00 

U00.00 
moo 

21>.00 
~-00 

Bubtob.1 ....................................... -......... •••••••••••••• .................... •••••••••••• 719,&Sl ••.•.•..•..• 1211 UM ··-········-
Coatl111Sc:les, l6 pareaut. ••••••••••.•••.•••.•••• __ ·••••·•• •••••••••••••• ····----··········-· -···---····· -··········· ............ ---····-···· ....•••••••• 

m'!':.~i:fv:~:::::::::::::::::::::::::::::::: ····· <•)°····· ······--·········-·· ............ -···-······· ......•••••. ····----··-···--·cf··--l==~ rr':E~~!:::================ ============== ::=======:=======:== ============ ============ ======:===== ========:=== ====:======= 
Total 1111Uma111d mm ....................................................................... ··········-- .................................. _ ............ . 

Cmi pei- amt,foot ofltoirllp ................................ -···········-- •·······•••··••····· ••••••······ •••••••••··· ............ ••···•·····• ........... . 
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Total oos, 

$4,000.00 

12,300, 00 
9, 00(1, 00 

64,000.00 
<Ml, 000. 00 
M,;l,00.00 

184,625.00 
M, 57h.OO 

88. 750. 00 
14,100.00 
14,000.00 
5,000.00 
•• 000. 00 
2,300.00 

300.00 
4,000.00 

805.00 
2.070.00 
l, 200-00 

1, 1135. 00 
35,340.00 
Cl,OM.00 

18,180.00 
eo, 4115. oo 
19,210.00 

1565, 00 
495-00 

20,350.00 
l, <W0.00 

33,000.00 
!:2, (;80.00 
16, l5(JO. 00 
11, 760.00 
2, 380,00 

a:i..oo 
300. 00 

1,000.00 
1,000.00 
5,1181).00 

1,000.00 
2.200.00 

20. 000.00 
1,600.00 
2,.!!00.00 
6,~00 

lk9,W.OO 
137,475, 00 

m,:1110.00 
5,«100.00 

411,1116&.00 
11,rn.oo 

111.546.00 

l, oao. '94, 00 
70. 70 
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Water Importation and Storage 

turn, empties into the spillway stilling be.sin. A 
control house on top of the dam is connected to the 
011tlet chamber by means of a vertical shaft containing n. 

stairway. The outlet chamber is equipped with 
~essary pumps, piping, cranes, etc., ·required for 

the operation of the gate and needle valve. It is 
planned to install a gasoline-electric generator set in 
the control house for the operation of the outlet works, 
spillway gates, and to provide lightin~. 

It will require approximately 2 yenrs to construct 
the dam and appurtenant works.· 

No electric power is available locally for construction 
purposes. The nearest railroad shipping point is 
Lumberton, N. Mex. a distance of 33.8 miles over a 
dry-weather road (now being graveled in part) on the 
narrow-gage Den,er &: Rio Grande Western Ro.ilroad 
Co. line from Alamosa to Durango. 

Naujo Reservoir 

The Navajo dam site is located in section 13, T. 33 
N., R. 2 E., N. M. P. M., of Archuletn County, about 
20 miles southenst of Pagosa Springs. 

The storage requirement at this site is 50,000 acre
feet to regulate the stream to the capncity of the Snn 
Juan-Chama Cannl. 

Summary of estimate data: 
· Storage capacity ______ • ___ ----- .•••• 50,000 acre-feet. 

Spillway capacity ____________________ 10,000 second-feet. 

•utlet capacity at low levels •••••••••• 300 second-feet. 
.evation-top of dam--------------- 8,300. 

• formal and maximum water--surface 8,293. 
elevation. 

Height of dam above stream. __ . __ • __ • 120 feet. 
Estimated cost-dam and :reservoir ____ $1,515,000. 
Topography of reservoir and geologic Figure 113. 

,ections. 
General plan and sections •• _ • _. __ . . . • Figure 114. 
Preliminary estimate _________________ Table 6. 

The resen-oir at elevation 8,293 conrs 1,075 acres 
of privately owned lands. No clearing is required. 

Geological. summary.-The reservoir basin is a. normal 
erosional valley cut by both water and ice action into 
a foundation rock of Mancos shale, a dark-gray siltstone 
containing some brown sa.ndstone lenses. Blanco 
Basin soft sandstones are probably also present. These 
a.re overlain by igneous a.ndesite flows and ftow breccias 
(Conejos formation) the lower contact of which is quite 
irregular. Most of this andeaite is well above the How 
line in the lower half of the basin but is to be found 
exposed in the bottom, to the north. All of the area 
is heavily mantled with various overburden deposits. 
The floor is covered with deep, porous river gravels, 
while the sides have irregular deposits of wash, slump 
and glado.l terrace deposits. In view of the foundation 
shale, together with normal spring occurrences, the 

- table is undoubtedly tributary to the stream i 
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so that no reservoir seepage is to be expected except as 
underflow downstream through the various detrital 
deposits. 

No bedrock will be encountered during construction 
at the dam site; where the proposed dam must utilize 
overburden foundation a.nd abutments. The eventual 
bedrock is in all probability :Mancos shale. No drilling 
was done and depths to this rock are unkno""D1 but 
three test pits and one drift were completed to give some 
indications of the overburden character. The shale 
in all probability has been intruded by igneous dikes 
and sills, which were accompanied by alteration and 
mineralizing solutions. Much of this alteration mate
riel from both the shale and overlying andesite is to be 
found in the slump material forming the abutments. 
Both abutments are of similar slump origin. The 
debris is composed of angular shale rock and rock 
frngments, embedded for the most part in a silty clay. 
Pits indicated a remarkably tight and imperrious 
deposit1 as compact perhaps as natural o\""erburden 
materials can become. Both sides are of similar land 
slump material which in slow transit down the slopes 
bas picked up and incorporated some glacial debris. 
Such slumping should be expected in this area, where the 
she.le emerges from under tl1e andesite to form soft, 
unresistant valley walls. It is belie'""ed that the materinl 
is now quite stable except, perhaps, high up on the 
sides and well above the flow line. The immedinte 
river channel is covered with a veneer of recent river 
gravels (10-50 feet) . 

Dam.-The general plan and sections for the pro
posed dam a.re shown in figure 114. No informn tion 
is available as to the depth to bedrock. However, it 
is considered at too great a depth for a cut-off to rock. 
The ~proposed dam :.s ·Ji :he ·~ompacted ~m6ankment 
type with a deep cut-off trench. Sufficient rock is 
placed on the downstream slope to make the embank
ment stable. 

The crest of the dam is 1,950 feet in length and the 
maximum height, at the river section, is 120 feet. 

Sufficient quantities of embankment borrow material 
a.re thought to be available adjacent to the site. Sand 
and gravel deposits occur about one-half of a mile up
stream but have been. neither prospected nor analyzed. 

The entire dam foundation will require stripping of 
vegetation: Excavation from the cut-off trench can 
be used to construct the downstream portion of the 
embankment. 

The spillway at the right end of the dam will be a 
radial gate structure to obtain the required capacity 
aDd to provide the necessary free-board without raising 
the dam. From the test pit records the spillway will 
be in slide material; as test pits sh.ow bedrock will not 
be available at reasonable depth. Three 17-foot long 

CO- 003449 

TX_MSJ_000529



500 

l 
J~ i i ,Ji 

I ~ .. 
g " 11J;JH ,~ ~rr UIIIJ 411' .. ..._ 

~~..:..;;~~~ .. "i 
5 ,,~v 5 

• # a i 'H•:, 

!! (°l t; 
I ~ .; i .. a 

i ; § 
... ii i 
:.= . " ,. 

i :, 

" " " 

; 

I 
- . 

;n ,i:1 ' 

1-= 
; = 
;,~. 

I 
.. ; 

J i i I=: ,l1h 
1 "' ·.r ~ g 

i t •f!"J !-
.. 

! r 

Ri-0 Grande Joint Inrestigatirm 

h 
' ! '( ii Q 

i ~ 0 i 
lo") I . ' '( 

~ : I > i: ( 
: :2: • 

" . 'r 
':' 

, 

... 
.. 
" ;:, 
2 

fa. 

CO- 003450 

t 
t 
J 

I 

TX_MSJ_000530



Waler Imporlation afll:l Storage 501 

by 1 &.foot high radial gates constructed to wit.h.st&nd 
ice pressure are provided. The gate structure is of 
·,unterlort and cantilever type wall construct.ion. A 

,dway is provided to connect 1',ith the existing road 
_.ong the right abutment. The drainage area is 58 
square miles. 

For diversion and outlet purposes a 12-foot diameter 
horseshoe tunnel with steel liner plates and concrete 
lining is provided under the right abutment. The inlet 
of the trash rack is placed above the floor of the reservoir 
to keep sand and grovel out of the outlet and for fish 
'protection. 

TABLE 6.-Na'Dajo Dam, preliminary atima.te, Jan. SO, 19!J7 

[ Earth embaum.nt: Top oI dam nle?at.lo11 8,300; normal water .url'.aoe ele1111tJon 8,ffl; mulmum -lel' ,w,tu,e dev•l..loJi fl..293; muimum bai1ht or dam, 120 feet. Drawli:is: DO. 
2.a,3-!HDJ 

(S!onlP cnpacll)', JI0,000 IICl'f>'1-t; lpillway aa.pacJu, J0,000 lleCOl:ld.foet; Dlvelllion capadty, 3.000 aecond•feet; required outlet a11p&clty 500 -cMeetJ 

Item 

Material and labor fur- Material IUl':llis.hed by 
11illbed by the eont.n1ttor the Govlll'llment 

Unit Unit COJ5t Total (lOllt Unll cost Tota.I OOst Ui:il! cost. Total CIOllt 

.IIV.11'1 WO&li: 

Diversion, ai:id Wlwatering fo1111datlo.m ••.•••••••••. ··--· ··-- •• 

!!.t.&'1'11111'01!1, 
F.iu,a-.-11t101:1, commoD: 

Stripping, dam fouDdation •••••.• ------···--···----········ 

¥:~~ ~ 0c~l?~~-ti-eii'ches:::::::::::::::::::::::::::: 
Sblllway,ll!ld tunnel Jnlet and oullet .................. -.. . 
!fonow, and tramlX)J'tation to darn.··--··--·-·---······---
TUDDel, sbafl, and i•ie eharnber ....................... -... 

:Excavation, roe.I:: BOl'l'ow, Uld U'111l$fJOrtallon to darn •.•••. __ 
Embanlcment: 

Earth flll compac:1.ed ......................... ·····-- ..... .. 
Dumped l'Ocli: on downstrean, slope •... - .. ----···-······---

~~JI1'=u°ll=t=-~~-:::::::: ::: :::::: ::::::::::: 
Oru-el tor roadway and spil1111·~y .•••. --- • .---.-···-·······
Rlprap Jn splll111·11y clla.nnel. .•.•• __ .•.. __ .-. --· •••..•. _ .... 

GllOUTll'IG A.ND Dll,UN•GZ 

~=~ ::i~~~iiiiiie'.i::::::: ::: ::::: ::::: ::::: :::::: :: : : :: 
Dralii tile: 

"-Inell dwneter clay tile ill llfavel ••• -.... --··- •• ·---·--·-· 
leb diameter clay tile ln IP'&Vel.. __ ........ _ ............ . 
ICh dMJmlel' clay tlle l111r11vel ••• _ •• _______ •• __________ _ 

CO!ICB~WOU 
Coneime: 

Parapets .»d curb wall&. .... ····--··-···---··---··-···· .•• 
Trull nu:lr: &Dd l:rln.sftlon ·--··· ......... -·· ··-··. ·····-·· .• 
Below operatmr door orcate clwnbu •••• .-- .. --... -•• .--•• 
TunDeJ, llbafi, a11d rate chamber-·-·-···---··-· ........... _ 
Spillw-a:, ••••• -· -- -·. -·. ___ •.• ---- ••.• ----. -- •. ---- .•••• -· .. 

~!;;:i,:,i:,~'.::1:~~~~~==:: :. :::::: :::::: :: :::::::::: ::::-:: 
· :loee.ta! llnLd1inc snrraoos. __ ..... --··· .. ·- --- • -····. -··· ..•. 

IIEr•tWOllE 
Metal: 

'l'l'lllllh l"lld:--·-- -- -- .... ·--· ····-·--. ----- ·--- ·----· -- ··-· --ReUlfOl'Cll!ll:lellt Slee.I, •• _ _. ____________ ................ __ •••• 

~~ =·,.·.-.:::::::::::::::::::::::::::::::::::::::::: 
317· by le.foot radlal Pl8!l a11d operaiillc ~.ls:m..-... 
PJpe band-l'llllltll. ··---·-------------···. ··- _ _. ·-. ···--··--
711-lncb rq.fol10111rer l!llte and control niecbanllJm .......... . 
ea,.1nc11 nee-dle valve and -lrol rn ... benia:m ...• -· ........ . 
llHo!l bo.lst- ••• ----·· ····--··--··---·--- ·-------------·---· 
0111-ell'dl'ie 1tenerator aet and eqo.lpment.------. -- ··-. _ ... -
M~ metalworlt.. ••• - •• .--·--------------·----·-·· 
Orot1t and drain pJpe ....... _ ............................. . 
Steel .llner plate! ......... - ... -... ---.----·----··--··--···-· 
'/'8-lncb steel pipe. ___ ........ --·····--··--·-·······-········ 

Items: 

(!) LIUDp ium ...• -.............. . $4,(1(1(.) 

u, 000 Cubic yard ______ .• 
70, BOO Cnbtc YMd ...... .. 
81,000 Cubic YIU'd----··-

l"4, 000 CubJc Yard ...... .. 1.-eoo Cubic )'al'd. ______ _ 
10, 000 Cable yard .... - •• 

Je(I. 000 Cubic yard ____ .. .. 

l, a:M, 300 Cubic yard ••• _ .. . 
Jlla, 700 C uble Yard ___ .... _ 
4 lOO Cubic yard. ••• --.. 
11.100 Cullie Yud._ ...... 
4,660 CublcYard--···--· 
J,200 CublCYBfd •••• - ••• 

330 Linear loot._ __ • __ . 
.S.000 Cublo nrd-•• .--•• 

1,800 Linear foot. ______ _ 

J,760 Lin ..... '"'°'·--···--
2, 300 Li.Da.r loot ...... .. 

l'IOO Cubic )'a.rd _______ _ 
1i1C1 Cuhk!yud .••••••• 

JOO Cubic Jard. __ -- - --
2. IIOO CublcY&rd .• - •• ·-· 
4,750 Cubic Yard. ___ : __ _ 

~ I s~~;~ f::::g:::~::::. 
l,Z'O Bquaze yard ....... 

Pow:id ....... _ ••• _ 
Polllld- -··--··-·-
Po11Dd .... ---- ••• _ 
LJnear foot ....... . 
Pound.·------···· 
Potllld- .......... . 
Pound.----------· 
PollDd. - •• --··· .•• 
:i>owld. ---·-------

~Ji~:::::::: 

fel, 30 
.30 
.40 
• ffl 
.2.lo 

7.50 
'7& 

.JO 

.20 
AO 
.llll 

l.25 
.1111 

J.00 
l.00 

• 70 
.GO 
,llll 

l7.Ml 
H.2:1 
U • .50 
Ia.Ml 
ll. z.~ 
:o.;;(11 
17 • .'SO 

·® 

J5, 900 ·····--··--- ---··----··· 
21,240 --·······-·· ·····-----·· 
311,000 ··--········ -·--··--···· 
118,360 ··----···--· ·····-····--

au.~ -··-········ ---------··· 
75,000 -----·-··- ............. . 

ll!G, 7.50 ............ --·---··---· 

J32, fllO -----·-····· ---·······-
- 740 --·-·-·----· ··---------· 
H JfO ..... -.---·-- ........... . 

ii, ow . --··· • ·-·· ····--···--· 
5,&l3 -···------·- -··--·------

720 ----······-· •• -... ···--· 

-$0.IJO •• $4,0(1() 

4.1111 
4,11() 
f.15 
4. llO 
'-'10 

.· ,. _5 
-1,ll() 

• 3,680 
414 

1,245 
12. l'IIID 
:l . .350 I 
~~00 

llll 

, 02 280 .Ill! 
.00 
.10 
,fO 
.oo 
. JO 
.24 

l,120 
18,000 
l, liOO 

18 
7, GllO 

.02 J2,000 
.11.'5 7,l,() 
.211 11 
.00 2,.5.50 
.10 no 
.04 3,!1!10 
.03 l, U80 
'02 l'OO 

(I) 200 
• JO 400 

• 22 
,lil 

m 
19,440 
H,520 
G,IIW 

PoUlld •• -------··· . Oil 80 

('), JO 
.(fl 
.115 
.ffl 

800 
-SOil 
112 

Pound ........... _ ........... _····-··---·· Pound .• ______ .___ .025 J. 100 211. 11511 
7,MO 

..,,30 
• .10 
.fl! 
• 40 
.23 

7.50 
.75 

,JO 
.20 
.40 
.so 

l.2l! 
.00 

l.00 
J.80 

1. l,11 
.fj(j 
• 70 

22. JO 
l,S. ll,5 
l&e.5 
lB. 10 
.5. ,l5 
A.dJ, 
22. JO 

.all 

• JO 
• 05 
.l,5 
.63 
, lll -~ .a 
.2! 
,lll 

{') 
.20 
. J2 
.05 

,Oll5 

Control bouae -pt ooncr-ete·-·-····---··--·-----··--·-- (') (') c1J mo r> 800 (t) 

~:::i:~~~~-~t~~~~ ~ t~?i.-::::::::::::: 6.2.J:i k:l ·······----- ···--------· 1,2.~ 
Rlebt-ot-,ray •••• ___ •• _ •••• __ • ___ ••• __ ••• _ ••• _ ••• __ .. __ .... 1,00"6 Acr-e .•. ·--···---·- •••••••••••• •••••••••••• &0.00 .113, 7llll .S0.00 

l!ubtotal. ................. _ •••••••• _, __ , ................. ··--··----···· ············-······· -···-······- l,006,.174 _........... Q, 719 ···-········ 
CQ~ 14 l*'IIQIL·-··--··--·----·······--···-···- ---···---·-·-- ---·---.--------·-·- ··--·•••-••• ............ -··--------- ·-----·--••- -·-··--··-·· 

Total Clmated field~--········· ..................... ---····--····· ·-···---·--····-·--- ········-··· •••••••• - ·- -··--··--·-- --·---···--- . --········· re.~~~~~-·---·--:-·---··-- =:===t ====: -----·-·--····------ .. __________ -----------· ·----------- .. -- ·····--- ===/' =:== 

c:~ :r:: ~ :---------·---·---·-----··-: -. -----· -- -··--·I··--···--·-................................. -· .•.... __ ,, .... ---··: . ......•..••. 

CO- 003451 

330 
9,000 

1,MO 
J,,1175 
J,eio 

1,000 

J, 700 
I, 000 

A7IIO 

1,211.m 
112.au 

1,-.:m 
&.000 

8',91! 
U,11182 
37, Gffl 

I, Ill&. ll!II 
ao.ao 

TX_MSJ_000531



502 

A gate cham her containing e. single 79-inch ring 
follower emergency gate is placed in the tunnel at the 
axis of the dam. A 79-inch steel pipe leads downstream 
in the tunnel to a single 66-inch needle valve. The 
needle valve disclia.rges into the tunnel, which in tum 
discharges into the stilling basin. A spiral stw.rway 
connects the control house on the surface with the needle 
valve chamber. The valve chamber contains one 66-
inch needle valve with the necessary pumps, piping, 
cranes1 etc., required for operation. It is planned to 
in.stall a gas-electric set in the control house to supply 
energy for the operation of the valves and spillway 
gates and to provide Jighting. 

Oonetrudion.-It will require approximately 2~ 
years to complete this dam and appurtenant works. 

There is no local power available for construction 
purposes. The nearest railroad shipping point is 
Chama, N. Mex., on the narrow gage line from Ala-
mosa to Durango, a distance of 20.7 miles over a dry 
weather road. 

Boulder Lue Reservoir 

Boulder Lake dam site is located about five .miles 
south of Hillcrest, N. Mex., in the Jicarilla Apache 
Indian Reservation. The reservoir site is entirely on 
Government land under the supervision of the United 
States Indio.n Service. 

This is an alternative site for Stinking Lake Reser
voir. It has been adopted temporarily as o. terminal 
reservoir for plan A oi the San Juan-Cha.ma Canal in 
this report because of its cheaper first cost, although 
further studies may show the desirability of using 
Stinking Lake Reservoir. A storage capacity of 
290,000 acre.feet is required for regulation of waters 

-.'::irougnt :n ~Y :he 3an .;t:m<lliama Canal w. fit irriga
tion demands in the event sufficient reregulation is 
not secured at El Vado and Elephant Butte Reservoirs. 
Sumnia.ry of estimate data: 

Stomge capacity ___ • __ • __ • ____ • __ • _ _ _ 200,000 acre-feet. 
Spillway capacity. ___ ••.•• ___ •••• __ ._ Emergency only. 
Outlet capacity. ______ • _____ •• ____ .•• 2,000 second-feet. 

Elevation-top of dam---------------- 7,313. 
Maximum reee:rvoir water-surface eleva- 7,305. 

tion 
Maximum height of dam. ___ ••• ____ • _ _ 138 feet. 
Total estimated coat.--d.&m and reservoir. $1,350,000. 
Topography of reservoir and geologic Figure 115. 

sections 
General pl.an and sections _____ •• ___ - . • Figure 116, 
Preliminary estimate ___________ •• __ .• _ ·Table 7. 

The reservoir area at elevation 7,305 is 4,750 acres, 
of which the present lake area is 250 acres. No clear
ing will be required on the reservoir area. There are 
no improvements. 

Ooologi.cal. nmmary.-The regional and basin geologi
cal conditions have not been studied in detail. In
spection shows the valley to be the result of imposed 

Rio Grande Joint Invutigatfon 

or antecedent erosion on a bedrock complex of tilted 
aandatones and alternating shales. The drainoge 
pattern has been inherited from :that originaily prese· 
on overlying, horizontal, tertiory 88Ddstones, n 
entirely removed by erosion. The reservoir is undei~ 
lain by compact shales of the Lewis Formation that 
overlie the same massive sandstones (Mesa Verde) 
which are found at the dam site. The rocks dip up
stream, or 6° NW., strike N. 15° E. The compact 
impervious shale and the presence of tLe existing Jake, 
suggest that the ground water is tributary to the 
stream and that no appreciable reservoir seepage is to 
be expected. The entire basin is heavily mantled 
with detrital silts so that bedrock is rarely obserred. 
The sides of the valley also are covered with erratic 
tnlus or wash deposits depending upon the erosional 
form a.nd the character of the bedrock. 

In all probability, no unusual or serious problems 
would be encountered bv a.n exploratory program. 
The bedrock is made up of a stratigraphic column of 
massive sandstone and alternating shale seams and 
beds of the Mesa Verde formation, which in this locality 
strike N. 15° E. and dip 6° NW. On account of 
this dip, the rocks become progressively more sbaly 
both up and downstream from the proposed am. 
The rock is somewhat ·fractured o.nd jointed, so t.hat 
some grouting may he required, but there is no evidence 
of any faulting. The rock on the abutments is si.mila.r. 
the strike extending undisturbed a.cross the stre1: 
The dip is a favorable feature, since water peroolati. 
along the bedding planes would be forced eventually 
to cross the beds to continue any movement don
stream. The overburden condition of most import.a.nee 
to the da.m site is found m t.he deen foundation <Ji.lts, 
·ooiow ·:lie streru:n,-;beti. ''The ·.:nterri'ttem cilaracter 
of this stream has resulted in a partial back-filling or 
debris, which from surface exposures appears to be 
largely silt with occasional rock fragments. This .llilt 
may prove to be excessively deep {50-100 ft.), which, 
together with any tendency to become plastic on ~t,. 
un.tion, may allow considerable settlement and posmble 
flowage. . 

There is no question as to the stability and impem· 
owmess of the bedrock but some attention should be 
given to the fissle character of the interbedded shalee 
md a.llowa.ncee made for possible dehydration ud 
resultant surlace disintegration. 

Dam,.:._The compacted embankment type ?f d':'11 
was selected for this site due to excessive hauling di&
tance for concrete materials and the close proximity of 
sufficient embankment materials. Although the great.er 
portion of the site shows sandstone outcroppings, ~ 
central portion is overlain with silts and the underlying 
rock is &t unknown depths. Location of sand ~d 
gravel. deposits are uncert.a.in but a.re thought to 
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available about 10 miles from the site, for the limited 
amount of concrete necessary and a.re so assumed. 
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The dam is 825 feet long at the crest and attains a 
maximum height of 138 feet. 

bankment materials can probably be found in 
:by silt deposits. Figure 116 shows the general 

p1an and sections of the proposed dam. 

The typical em.ba.nk.ment section as shown on the 
drawings consists of a 35-foot top width at elevation 
7t313 carrying a graveled roadway and with typical 

Tuu: 7.-Boulder Lake Dam, preliminary utimau Jan, SO, t9S7 

j Earih embam:mmnt: Top ol dam alentlon 7.113: normal water llUl'l'laae, ele'l'lltiml 7.306; uwfmnm wu,r ,ariaca, ele:vatlon 7.J05; m.ulmum blllgbt or dam, 138 reet; c1tawiq no 
ll&a-~ 

fStOl"llp caJ)aclt)', 2&0,000 llm!-reet; splllwa1 caPllcltr, lllnelll!DC!J' cmlJr; dl"1"8I11ia ~ty, nona: required oul.let capacity, 2,000 aaoond-reetJ 

BummMy 
Item 

~l!.TBWORI( 
EJcaTatfon, oomn,on: ,~ga ~~i·:~~:: :::::::::::: ::::::::: ::: :: 

Tmmel Inlet 11.lld outlet ................................... . 
:SOITO'II", 1111d tn.2>.sportatlon w dam ••••••••••••••••••••.••• 

!=vat.Ion, rod:: 
Cut-off wall. - •••••••••• ·······- ..................... -••••• 
Tunnel Wet and outlet ehemleL ..••••••.•......•.......•. 
Borrow, IU:ld transl]Ol'lal.ion w dam ••••••••••••••••••.••••• 
Outlet twmel 1111d sbait ••••••••••••••.•.••••....•••..•••••• 

lt11""nlJ:met1t: 
Barth flll ooml)lleted: •••••••••••••• _ ...................... . 
Dumped rock on dowmtreal?l lllope .••• _ ... _ ••• -••••••• _ ••• 

!fEy ~ roS~~!~::::::::::::::::::::::::::::: 
Bacll:l!ll about siructmu •••••• _ ................ -- •••••••••• 

DrffllnR: 
Orout llol«s not over .2.Heot deep ••.•••• ·-··----··--·-··-··· 
Weep holes_······-······-···----··- .••. ··------····· ..... . 

1'nillsnre El'ou~: Tminel, shait, ud eut-olf wa!L ..••••...••. 
DralD tile: 

U-l.neb diameter clay tile in Rl'&'l'el.. •.•••••• --.----····----
~ch dlalDeter cley tile In r;ruel ................ ,-·--···--

'ch d.!amater clay tile in gmnL-----·····-·····----···· 
cch ,pllt tlle ror spJJ.lway ·-------- .... -----·--······-- ... 

Concrete: 
Cut-<Uf wall not formed ............ ···- ____ ·-······----··-· 
Cut-oft wall formed •••• __________ ...... _ ••• ···-····------.. ru,.pebl Gd curb..US __ ... _____ , _______________________ _ 

'l'rlub nck, trumllOll, and lililllnr; bal!in---------·-····--·· 
Billow ope:atblg floor of gate cll111nb4ir._ ···-··-"·----·---· :r:=l =~de:~~~::::::::::::::::::::::::::: 
:untroi llowe- ••..•• -----"···-------. -·. -···· -·-··- ..... . 

Metal: 
Tf'llllh rad: •• ----· .. -···-· .•.••••...•. ·-···· •••••.••• ---· •.. 
Beinforoemmlt steel •• ______ -----·····------·-······ -- . - --- -

~sif ~~~~;;; ;;; ;; ; ; ;;;;;;;;;; ;;;;;;;;;;;; ;;;; 
2'l'll-lncli flnr-lollowm ciues and OODtrcl mecb•nl•ro .••.•••. 
206-lncb needle val"811:1d control m.,..b,ulan_ ••••••..•••• 
16-ton hoist .••• __________________ •••••••••• ----····----···· 
0.-.lectne caeralor Mt a11d eqolp-t •• ----······- ..... 
Mi-U.-llamll. --·--···----····--···········----····
Oroat Pd drl.lD plpe •••••••..••• ---·-----···-············· 

AlDO!lllt Unit 

M, l5(J(I Cubic Yllld .•••••. 
144.000 Cubic Yllfd ••••• __ 

!13. MO Cable l'!ll"d. -·· •.• 
ZI. 000 Cubic Y&11:I. ·- •••• 

UH, 000 Cubic 1Vd _ •• _ -·. 

llO Cable :ranL •••• __ 
2, l500 Cubic fllld_ ·-· ••. 

138, IIOO Cubic yard_-····-
10. 100 Cubic ,vd .•••••• 

1,179, ll8S Cubic :rard--·-··· 
101. 200 Cubic nrd ••••••• 
27,100 Cllblonrd_. ____ _ 

aao Cable 1&1'd •• ••••• 
l, 400 Cubic :ranL •••••• 

100 Cubic nm ...... . 

ll, 100 Llnear 1eet. ..... .. 
200 Llllear feet •••••••. 

30,000 Cuble;ra.rd.11 ••••••• 

800 Lb:iear feet .••.•••• 
l, :m Lines, feet •••••••• 

760 Lluear r.t ....... . 
lllll'J u-.r lllet •••••••• 

Cubic 1&1'd--····· 
Cubic nrd.---··
Cublc Jllfd. -----
Cubic Jard ••••••• 
Ctlblo YWL ••.••• 
Cubic nm ....... , 
3QUAr'i! 7MO ••••• __ , 
CublO'ard ...... . 

ao, 000 Llne81 foot. ..... .. 
11111.0(1() Pouud. _____ ..... . 
21, 700 Pound ••.•..••••.. 

UIO Lww fooL. ____ _ 
l. :llX) Pound ••••••.•••.. 
1,120 Pound .• -....... .. 

lM,000 Pound .••.••.••••. 
HID, 000 Pound._ •••••••••• 
U. 000 Pound_ ••.•••••••• 

(1) 
ll.GOO Pwi:id .......... .. 
l,'jjm Pmmd .•.••••••••. 

Ton. •••••••••••••• 

8UO 
.Ill) •• .40 
,215 

uo uo 
.75 

10.00 

,10 
• au 
.«I 
.40 

:uo 
.m 

J.00 
1.00 
l.llO 

:ro 
.ea 
.IIO 
.llll) 

lLOO 
lUO 
lll llO 
~'15 
U.00 
:.5.00 
~ J:)' 

:xi. 21) 

.112 

.02 

.06 

.26 

.115 

.10 

.CK .m 

.113 
(l) .10 

.II,& 

III0.80 $111,000 

.46 :w 

.IIO 1S110 
.20 115() 
.20 130 

4.15 m 
4.60 1.0511 
4. 90 1,472 uo 2.070 
4.1.!l 2.614 
~ :5 •. ;1.JJ,;1, 

.. uo ii2 

l.000 ,(18 ',000 
a.• .03 5.040 
l, lll5 .10 2,170 

30 • «I 48 • .10 1:111 
112 .10 m: 

6,690 .24 ... 
',300 .22 IQ,IIIID 

?00 .19 ll,~ 
:llOO (l) 800 
:llOO ,10 DJ 
1M .07 3.59 

llllllO (') 1, IX) -~_ .................... ............................. 

111).30 
.ao 
.40 
,40 
.2:1 

4.00 
2.50 
• 75 

10.00 

.10 

.J;l 

.40 

.co 
2.15() 
.w 

1.00 
1.00 
1. IIO 

1.1~ 
• IIO 
.'l'O 
.15() 

15.15 
17.10 
23.10 
:nu 
17.15 
19.15 

.oo 
:U.85 

(1) 

, 10 
.OS 
.15 
.156 
.15 . ,:) 
.28 
.25 
.lll 

,20 
.12 

(1) 
2.30 

Mlle.............. lO, 000. 00 310. GOO •••••••••••• ·····-·····. lll, 000. 00 
Acre._ ............ ··-·····- ... ··-·· ••••• •• 10. 00 IIIO, COO JO, 00 

(1) (') 11, 0(1() -· ·····- •••• •••••••••••• (1) 

Subtol&I •••••••••••••••••••••••••••••••• _ ................ •••••••••••••• -·-·······--········ ··-·-······· 11:13, f117 •••••••••••• 1611,457 .••••••••••• 
Conl.lnlPl,llCla, 15 ~t •• -•.•.•••••••.•••....••••••.••••.. ··- .. ••••·••• ··--··············-- ............ ·•·••••••••• ·•·•••···••• .•..••••.••. ·•••••·••••• 

Total .umat.s fttJd cost ................................ -·····--······ -·····-········-···· ........................ ··-····--·-· ....................... . UIV~lllid~s:.-----.--................... -.... (1) -•·----···••••···••• ••••.••••••• --·········· ··-•••······ .••••••••••• (I) 

~5='U:.: 2.-'::r.~~?.~::~::::::::::~::::: :::::::::::::: :::::::::::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::~:::::: 
Tela.I~ Cll8t .............................. _ •.••••••••••••.•••••.•••••••••••••.••••. ••·••••·••·• ............ --·-····-··· ···········- •••••••••••• 

Colt per acre foot of llUll'IIO ...................................... ··-· ........ -- ••.•.•. ·····-- .......... -- ....................... - .•. -········ .••••••••••• 

llll>IIUUJ. 
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H 'cuer Importation and Storage 

concrete parapets and curbs. The upstream slope is 
3 : 1 with 3 feet of rock riprap. A 20-foot berm is placed 

,1evation 7,215 e.nd a 5:1 slope from there down. 
downstream slope is 2: 1 to elevation 7,220, 8: l to 

ernvation 7,200t e.nd 2: l for the remainder of the rock
fill section. A typical concrete cut-off with a maximum 
height of 10 feet, extends upward along both abutments 
of the rock slopes connecting with a 30-f oot cut-()ff 
trench in the deep stream wash materials in the central 
portion. Stripping for a depth of 18 inches is provided 
over the entire dam area.. Depth to bedrock under the 
dam across the channel has not been determined, 
and for this reason a 30-foot deep cut-off trench was 
assumed. Should !urther investigations disclose shallow 
depths to bedrock the estimated cost may be somewhat 
reduced. 

An emergency spillway located on a saddle about 
3" miles from the dam site was estimated as a lump
sum item. No data are available on this feature. 
The drainage area does not exceed 15 square miles. 

.An 11-foot diameter concrete-lined horseshoe tunnel 
will serve as an outlet tunnel only and for stream 
div~on during the construction period. It is planned 
to install two 79-inch diameter ring follower emergency 
gates and two 66-inch needle valves for outlet opera
tion, in the gate chamber. An 8- by 11-foot concrete. 
lined shaft, with a 6-foot diameter concrete spiral 

• "'W&.y shaft, will extend from the control che..mber 
e top of the dam, where the shaft ie surmounted by 

.. .,ontrol house, provided with a 15-ton hoist. It is 
planned to in.stall a gas-electric generator set in the 
control house for lighting o.nd operating pm-poses. At 
the upstream end of the tunnel the trash rack structure 
:s 11aced 1t :.be ·x :tom of ~he ~unnei :n.iet .. ·,here ·)eing 
su.rficient cn.padty below this elevation to allow for 
reservoir silting. The outlet end of the tunnel dis
charges into the stilling bnsin and from there into a 
50-foot bottom width canal section some 1,400 feet 
long. 

It will require approximately two sea.sons to con
struct thls dam. The nee.rest railroad shipping point 
is at Dulce, N. Mex., a distance of 20 miles over fair 
roads. About 3 miles of new road will be required to 
reach the dam. 

Stinldng Lake B.eaenoir 

Stmking Lake dam site is located a.bout 9 miles west 
of El Va.do, N. Mex., in the Jiearilla Apache Indian 
Reservauon. It is 33 miles vi.a highway from the near
est railroad shipping point, Chama., N. Mex., all but 
8 miles of which is improved and graveled. The 
reservoir is entirely in Government land under the 
supervision of the United States Indian Service. Data 

~esigns on this dam are here included since it may 
ually be c.hosen as a terminal reservoir in place 
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of Boulder Lake Reservoir m the event plan A is 
adopted. 
Summary of erilmate data: 

Storage ca.padty-active •..•... __ .... _. 500,000 &ere-feet. 
Spillway capacfty _____________________ Emergency onJy. 
Outlet capacity a.t low levels __ • ___ ... __ l,OOOaecond-feet. 
Elevation-top of dam •••••••. _ ..... _. 7,230. 
Reservoir water+1:1urface elevation.. . . . . . 7,220. 
Maximum height or dam. -- •. _ •• ___ . _. 115 feet. 
Total estJ.mat.ed cost--d&m and re1Serrnir. lel,400,000. 
Topography of reservoir and geologic 

sections ___________ ••...••. __ .... _ •• Figure 117. 
General plan a.nd sections._ ..•.•••. _. . . Fig. 118. 
PrelimJnary estimate .... - ......... _ .. _ Te.ble 8. 

The reservoir area. at elevation 7,220 is 8,500 acres, 
ell located in the Indian reservation. No clearing will 
be required in the reservoir area. No improvements 
exist. 

Geology.-There has been no opportunity to study in 
detail the regional geology or the immediate valley 
conditions. Inspection has shown that the present 
stream pattern is the result of antecedent or imposed 
erosion. The gaps forming the dam sites at Stinking 
and Boulder Lakes are unusual topographic features. 

The reservoir basin is underlain by shales and soft 
ss.ndstones, the same as those in the Boulder Lake 
Basin. They overlie the more massive sandstone at 
the dam site but a.re part of the same series. All rock 
is heavily mantled with detritaJ silts, in which the 
present la.k.e is found. The strata strike N. !8° E. 
and dip 5°-7° NW. The water table is believed to 
be tributary to the stream, considering the character 
of the bed.rock a.nd the presence of the existing lake. 

There is no reason to suspect unwual or unsatis~ 
;"actor, dam :;.foe· •!onditions w lieveloo :n ·3.Il ~xniors.t'orv 
progr~ other than considerable d~pth of fo.undatio;1 
silts in the stream ·bed. One test pit near the right 
abutment encountered sandstone at 8~ feet. Due to 
the intermittent stream character the canyon has par
tially filled with detrita.l wash and stream silts, which, 
from logs of test pits 1, 2, 3, and 41 appear to be pre
dom.in.antly silt with some boulders and rook fragments 
The sides of the canyon are megularly covered with 
talus and wash which becomes progressively deeper 
toward the toe of the slopes. 

The dam site is a canyon carved in massive sandstone 
with alternating shale layers. The rock becomes pro
gressively more shaly both up and downstream from 
the immediate proposed dam axis. The dip is a for
tunate occurrence insofar as seepage must pass through 
the beds rather than circulate a.long .bedding planes. 
The rook is somewhat fra.ctured 1 a condition accentuated 
by surface .weathering, so that some grouting may be 
required. No faulting WBS noted in the area and no 
soluble salt seams were no~d in the stratigraphic 
column. 
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'Water Importation a11d Storage 509 

There is no question as to the stability of the bed
rock. The stream silts 1 however, are moderately 

,us nnd may upon saturation become soft and 
tic. It may become necessary to remove those 

entirely under tJ1e dam. 
Dam.-The compacted embankment type of dam 

was selected. It is estimated that embankment mate-

rials in adequate amount are available about l mile 
downstream from the site. Sources of sand and 
gravel are uncertain but they are thought to be 
available about 10 miles from the site, for the limited 
amount of concrete necessary for this dam. Figure 
118 shows the general plan and sections of the 
proposed dam. 

TABLS 8.-Stinking Lake Dam, Feliminary eatimate, Jan. 30, 193'1 

!Es.rth embankment: Top or dam, elevatl011 7,230; normal "!er lltiriaal, a..atlon 7,220; muimum 11rater surface, elevation 7,220; maximum bcirM of dam, J lb reet; wa11·w; no. 
2.53-D-44] 

!Storage eapadt:r, i5.50.0001Mn-l'eet; spWwa:, eapaclt:,, enierpncy only; dlvmuon capacity, none; requirod outlet capacity, 2,000 secoDd·lec1] 

QUMt!ty Material 1111d labor fur• Material fW1J!s.hed by 
lllsbed by the oontn.ctor the Oo•er=ent Swn1D11Ty 

Item 

l!:xcantlon, commoD: 

i:1~~1:; g::;u~\:.~~~::::::::::::::::::::::::::::::::: 
Toe drains and cut-otl' trenches.--···········-····-········ 
Tunnel Inlet and outlet cbanoel...- •••••••.•.•....••.•••.. 
BOl'?'Ow, and tranl!Jl(lrtation todam·--··--·-···-·-··-······ 

E:u:availon. rock: 
Out-otr wall.. •••••.•.•••••••.••••••••••..•.••••••. ········-
Tnnuel Inlet and outlet clwu:111 ••••••••••••••••••••••••••• _ 
Outlet tmmel &Dd sha!t ••• ___ ................... ---········ 
Bomnr, and tnnsportation to dam_ •.•• ___ --····· .. __ ••••• 

Embankment: 
Earth 1lll oom~.---·······-·····-····················-
Dwnped rook on down!lln!laD:l slope ..•.••• ·-··············· 

i=1~t!:i11 =::.~~~·:::::::::::::: :::::::::: :::: 
Orave.l for roadway •••••••••••••••••••••••••••••••••••••••• 
B&nd·plMll!d rocll: •••• ---···········-······· -·--············ 

0'.IIOVTllfG .um 1)1.AllUOZ 
Drill!nE: 

Orout holes not DTl!I" 25 fMt deep ......................... . 
"lllD holes •••••••••• ·-·······················-··········· 

1P bola.• ••••••o oHOO••• ••••••••••••• • • • ••••••••• •• •••• 

e croatilli: Twmel, llhaft, and eut-otl' wall.. ••••.••••••• 
die: 

,3-1.Dcb dlalmt.er clay tile in lf&Tlli •••• _ •••••••••.•••••••••• 
8-tncb diameter clay tile ID Effll'el.. •••••••••••• _ ••••••••••• 
ll-1.Dch dl-ter clay tile ID granl.. ••••.•••••..•.•.••.••••• 
4-lllc:ll apllt W•-·····································-······ 

C1111ffl!U: 

~~~~~ ~ /;~~~~::::::::::::;::: :·:::::::::::::::::::. 
Cw-ns ana emergency spillway.,. .••. __ .--············-·-·-' 
Trash rec., tl'U$Jtion, and stilliDI! besln •...••• -----------
&Jow operating floor of a,ite ebamoo. -- -. --. --... ---.•.... 
Tmmel.~balt, and ptechambrr •...•.. ---·····-··--······· 
Control hoW18 .••••••••••• ··---·····. ·--···· ·······--- .••. --

XllTALWQllll 
Metal: 

'l'nl3h rack_ .... -····· ---- ··---······· .. -- -- ...•.• --- - --•. -. 

e,;~~?~~:::::~:::::::::::::::::::::::::::::::::. 
2 m.ill<?h rinJ·fol1011·P.r pl.l.>s and control mechnnii<111 . 
2 fill-int•h nmdie valvoa and m1Jirol 111f1C'h&nlsill •. - -- - . . 
l!.-tnn hobt.---···--·-···········---·--··········- .. · --· --· OB6-t!lect.rlc ~r.11m111nr aet 11.nd 111Q11ipme11t ••• _, ______ ••. ___ _ 
MiiomljMnmU8metalwork. •• __ •••••••••••••••• _______ ., .•.. 
Grool and drain pifl'! .•••• ···········-----·-·-···--· ··--- --

MJIICJ:Ll,A Ni!!OIJ3 11'1 M9 
l!Alms: ~~~~:,:r:ct =-~~eii"i,;;;·o~.;en,menir;.;;,;-

.Amount 1)nit 

46,100 Cu hie yard ••••.••. 
es, 000 Cubic yard_ ...... . 
32, 100 Cubic yard .••.• _ •. 
28, 500 Cubic yard ••.• __ •• 

1,3111,200 Cubie yard •.•• _ ..• 

120 Cubic yard •••.•••• 
7.800 Oublc yard. ______ _ 
a,MJO Cubic yard ______ •. 

I.58,800 Cubie}'Vd ••.•••.• 

1. 221, 100 Cubic yv!I. ··- _ .• _ 
l76. ooo Cubic yard.-·· ••.• 

153, l!OO Cubic yard_ ··- •••• 
800 Cubic yard_ .•. _ ••. 

J, 000 Cubic yard •••••••• 
l. llOO Cubic yard •••••••• 

4,300 
l.000 

:100 
10,400 

2,200 
IIOO 
700 
IIOO 

Linear foot ••• _ ••• _ 
Li:nea:r l<><>t-····--· 
Linear foot.. •••.•. 
Cubic {OOL_. ___ •• 

Linear toot .••••.• _ 
Lmear loot. ______ _ 
Linear tool ___ ••••• 
Linea: foot_·---··· 

120 'Jubic yard_··-····. 
'lOO ·:·:i (lie :;-ard .•••••. -. 
ff5 Cubie ygrd _____ •.. 
4M Cubie yard .••••• __ 
e30 Cubic n:d.·--···· 

l, 620 Cubie yard: ••••• --
20 Cubie yard •••••••• 

W,000 
302,nrin 

20.1011 
1211 

1114,00II 
140. IIOO 
35,000 

(•) 
3. r.no 
2,400 

(1) 

Pound ...••. ·--·-· 
Pound ...... ___ ..• 
Pour,d ... -·-···-·· 
l.!Dar r .. ,1- - . ,. •. 
J'oun<l.,---------
Pmin<l_ .... _ .. __ ._ 
Pound.··------··· 

(') 
J'ouad_. __ ···---·· Pound ___________ _ 

(•) 
300 'too ...... . 

Unit con Total cost Unit cost Total cost 

lll.30 
.30 .,o 
.40 
.25 

4.00 
2. 50 

10.00 
• 76 

• JO 
.20 
.40 
,II() 

:uo 
1.00 

1.00 
1.00 
1.00 
1. 00 

• 70 
.60 
.60 
.30 

:1.::3 
:3 c'O · 
l~.00 
16.00 
13. :l5 
I~. :ZS 
20.75 

(') 

.02 

.02 

. o.~ 

.2', 

·™ .1i1 
. 0~ 

. Ill 

.M 

$13,S.lO 
20,400 
12,S40 
11,aiOO 

3211,800 

480 
19,000 
3S,OOO 

1111, 100 

122, llO 
35,000 
21,400 
~ 

:Z,500 
l,.!00 

uoo 
l.000 

200 
10,400 

1,540 
i!60 
350 
180 

:.:l.50 
3, JOO 
6,675 
7,2:JO 
8, 34S 

24,705 
415 

l,000 
r,,040 
l,00~, 

30 
ti,ftf,i, 
4,200 

,00 
200 
3:,0 
120 

3(NJ 
l,l~ 

$0. 80 $8, 320 

, 4S 
_30 
• 20 
.20 

. '· ;5 
'!..\-0 
.... 15 
<1.00 
4.16 
'- l~ 
4.60 

(') 

(') 

.08 

.03 

. Ill 

.40 

. 24 

. 22 

.]1) 

.m 

. m 

WO 
ISO 
HO 
120 

Unit cost 

$0.30 
.30 
.40 
. 40 
.u 

4.00 
uo 

10.00 
• 75 

.JO 

.20 
.40 
.50 

:uo 
l. 00 

1.00 
l.00 

. l. 00 
1.80 

1. 15 
. 00 
. 70 

. "° 
:5. !-0 . 
.;. :lO 
19. l~ 
20. 00 
17, 40 
19.40 
25.35 

(1) 

• ID 
.OS 
. 15 
.M 
. 21, 

: ~;I 
,211 
. Ii 

/1) 
3.3U 

Cbama, K. Mu., to UM dam site (33 miles). 
BRfl!~w1.!,!!!111UUctlDD •••••••• --·-······-••······-··-·-··"' 8 Mlle._ ••••••••••.• 10,000.00 80,000 lfl,000.00 

..,.Wll'-'w•# 8,500 A=-·-········-·-··-·········-··········· 10.00 l!.5,000 l0.00 

Subtotal .................. • .............................. ···--···-····-····--·······-----··............ 1117 22G ·······-···· 204,420 ........... . 
Contlnl!lndell. 1& ~t .•••••••••••••• -..•••••.••••...•••..•...•.••.••. -·········--·-······ ...................... _ ..••••.•••••• ···········- ··-·-······· 

Total1lllltb:llat.ed llud-i ••• -···•·····--··········--···- -·····-···-··· ······-········-···· ·-·-········ ••.••••••••. -··········· •••••••.•••• ·--·--······ 

i~~~~~:::::::::::::::::: ::::::~;:::::: :::::::::::::::::::: :::::::::::: :::::::::::: :~:::::::::: :::::::::::: :::::~'~::::: 
Totaha.lJll&t,,ld Gllllt- •••••••••••••••••• -- •••••••••••••••••••••• ------ - - -··· - ••• - ·- - - -······ •••••• •• · ••• ••• ••••• •• -· • • - •• - ••••• • ••• • • - -- •• •• •••••• • • - - •• 

Coat pel' ~ of lllttlnge ••••• ···-····· -· - - •••••••• ••••••• ••••• •••••••••••••••••••••••••••• ••••••• •• ··- •••••••••••••••••••••••••••••••• - ••• ••••••••• ••• 

Total OOst 

$13,830 
20,400 
12,840 
11,400 

329,800 

481} 
19,000 
35,000 

u~. 100 

122,110 
33,000 
lll,400 

25(1 

2..!00 
:uoo 

4,300 
1. 000 

200 
18,720 

2.530 
,WI 
400 
300 

5,000 
111,100 
3,0IS 

78 
•:1. P20 
35.000 

7,350 
1,000 

'TOO 
288 

l,500 
l,1118 

80, llOO 
85,000 

1, 121,HI 
lfllll,:w7 

l.S,8lilll 
1,000 

M.4114 
lUUU 
B,'1'118 

1,3118.0IM 
:t.M 

CO- 003459 

TX_MSJ_000539



510 
Rio Grande J, · vud lirusf . · .,gatrn11 

l 
J 
I 

I 
' , I 

CO- 003460 

TX_MSJ_000540



Water Importation and Storage 

The dam is 1,560 feet long at the crest and attains a 
maxi.mum height of 115 feet. The dam has 11. free

,d of 10 feet with a. top width of 30 feet, of which 
eet only is at the very top. The be.la.nee is a 20-

1oot graveled roadway on 11. back slope berm at water· 
level elevation 7,220. The upstream slope is 3 : 1 
on the ma.in portion of the dnm and 2 : 1 on the right
hand blanket section below the emergency spillway, 
overlain with 3 feet of rock ripra.p. The downstream 
slope is 2: 1 to elevation 7,160, 7 : 1 to elevation 7,1351 

and 2 : l for the remainder of the rock-fill section. A 
typical concrete cut-off wall, with a maximum height 
of 10 feet, extends along' both abutments of the rock 
slope, connecting with a 30-foot depth cut.-off trench 
in the deep overlying earth material in the central 
portion. Stripping for a depth of 18 inches was esti
mated over the entire dam area. 

It is doubtful whether th.e reservoir water surlace 
will ever rise above elevation 7,220, but as an added 
safety factor an emergency spillway 100 feet long at 
elevation 7220 -was located in the right abutment 
section. The roadway in this section was made of 
concrete and the dam slopes paved with hand-placed 
riprap. 

An 11-foot diameter concrete-lined horseshoe tunnel 
will serve as an outlet tunnel only. No diversion will 
be required during construction and the entrance to 
· · · outlet structure is above the present water surface 

1e lake. It is planned to install two 79-inch di
~dter ring follower emergency gates and two 66-inch 
needle valves for outlet control and operation in the 
tunnel gate chamber. An 8-foot by 11.foot concrete
lined shaft contnining a. 6-foot diameter concrete spiral 

. ,tairvay 3hait "'ill .~:i::tend :rom the control ·~hamoer 
. . {,(} the r.op oi the da.m, where the she.ft is surmounted 

by a control house equipped with a 15-ton hoist. It 
is planned to install a gas-electric generator set in the 
control house for lighting and operation purposes. 

At the upstream end of the tunnel the trash-rack 
structure is placed at the bottom of the tunnel inlet, 
there being sufficient capacity below this elevation to 
allow for reservoir silting. The outlet end of the tunnel 
discharges into the stilling basin and from there into a 
So.foot bottom width canal section some 1,400 feet 
long. 

Oomtrudion.-It will require approximately two 
construction seasons to construct this dam. 

The nearest nilro&d shipping point is at Chama, 
N. Mex., on the narrow gage Denver & Rio Grande 
West.em Ra.ilroa.d Co. line from Alamosa. to Du.rango, 
a distance of 33 miles ·over fair roads. 

Power DeTelop:ment 811:1 Coma RITer 

ture utilization of the water delivered by the San 
. -Cha.ma diversion is not known at present. Pre-

511 

liminary studies indicate that a terminal storage ea~ 
pa.city of 300,000 a.cre--feet would enable deliveries into 
the Choma River, averaging 3501000 acre-feet, to be 
regulated to irrigation demands from 1911 to date 
without short.age. 

Sufficient terminal storage capacity is available in 
Boulder Lake for such reregula.tion with plan A. Ele
vation of the outlet portal of the tunnel above the 
reservoir is 71401 and high water level in Boulder Lake 
is 7,305. The outlet of Boulder Lake is 7,175. A mini
mum head of 96 feet can thus be used for power above 
Boulder Lake but for 2 months of the year no water 
could be delivered. There would also be severe fluc
tuations from year to year with considerable fluctua
tions from month to month. The average head avail
able at Boulder Lake Dam would probably be about 
90 feet. Thus only 180 feet of the total fnll between 
the end of the diversion cane.I and El Vado Reservoir 
ca.n be utilized for power. 

If Stinking Lake is used for a terminal reservoir in
stead of Boulder Lake only about 150 feet of total fall 
can be made available for power above El Vado. 

Elevation of the divide tunnel ports.I on the "B" 
plan is 7,575 or 174 feet higher than on the "A" plan. 

· Surveys on Willow Creek below the portal and above 
El V ado Reservoir show four reservoir possibilities as 
follows: 

Name 

Chama (Do. 1) •••••••••••.•..•............ _ ........ .. 
Park•lew (no. 2) ••.•••••... ., ...................... . 
Upper Willow Creek (no. 3) ........................ . 
Lciwer Willow Cteelt (DO, 4) ..................... -- •• 

!"C.[.aj_,.. ___ ., __ _ ...... .::-~ .. -..,~ ... __ - - - - ~ _. - .... i ~. - • ~ - • I 

I 

40,000 
llll,000 

164,000 
2311. 000 

£00) i 

· $575,000 
375,000 

l,IJ.50,000 
l, 900. 000 

;.t, 700,000 

For irrigation use only, either of the Willow Creek 
sit.es is probably sufficient for rereguls.tion of the diverted 
waters with only minor shortages in low yea.rs. The 
cost per acre-foot for tmnina1 storage will be higher 
than for an equivalent a.mount of reregulation on the 
11A11 plan. 

For the dual purpose of power and irrigation, "B" 
plan offers the more interesting possibilities, especially 
when power and storage opportunities below El V ado 
a.re also considered. 

The lower Willow Creek Reservoir sites (nos. 3 and 4) 
have been surveyed by the United States Geological 
Survey and detailed surveys of the dam sites were made 
by the Bureau. The Chama and Pa.rkview (nos. 1 and 
2) dam sites were mapped by the Bureau but storage 
capacity was not determined as the reservoirs a.re small 
and would be kept full to maintain power head. No 
drilling has been done at any of the sites but geological 
reconna.isa&nees a.teach of them have shown favorable 
conditions • 
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'Water Importation and Storag1 

Power output a.t the Willow Creek sites can be in
creased by diversion of the Cho.ma River at Cha.ma 

Willow Creek above the Pa.rkview (no. 2) Reser
A fly line for this diversion was surveyed a.nd 

the diversion cost estimated at $190,000 for a cannl of 
500 second-feet capacity, 3.2 miles long. 

Development at and below El, Vado Reservoir.-A recon
naissance of the Chama River below El V ado Reservoir 
shows two additional power a.nd storage possibilities, 
as follows: · 

Name 

~!~~~iiwiiie:::::::::::::::::: ~::l ~== t: 
ll Vado Bmervolr 1. ••••••••••.•••••••• 226,000 ··-·-·-·---····- 176 1----1·-----i---

Totel ••••.•.. ---·----·-·---------- GIM, 000 $5,839,800 1131 

I Constructed. 

These reservoir sites have been surveyed by the 
United States Geological Survey. The Bureau sur
veyed the Abiquiu dam site in detail and rough esti
mates of cost were prepared. The cost of the Canon 
de Chama Reservoir ha.s been estimated by comparison 
with the other sites. Two geological reports are a.,ail
able on the Abiqu.iu site, both of which indicate favor
able conditions :for a dam of the proposed height. No 
... - · 1'lgical reports are available on the Canon de Chama 

No drilliDg was done at either site. Figure 120 
general map of the Chama watershed showing po

tential power development. Figure 121 shows topog
raphy at the Abiquiu a.nd Ca.non de Chama sites. 

Total. powe,- poa&ibilit~s on Willow Oreik and Chama 
1liver.-Potential 1>owe.r output has been calculated by • 

- '.lBI.Ilg 'ii.I of the reservoirs above describea inc.iud.mg the 
Cha.ma River diversion to Willow Creek. 

Dota for power studie.s 

C111.padty, Mll"ll-flet Bad in raet 

a-rvoir 
Maxi• Milli-Total Aothe n.d mom mum - --

Willow Cnll8k No. 1 (Chama).---- 40,000 0 40,000 tlO IIO 
WW.OW CNelr No. 2 (Pa.rhlew) ••• :II0,000 0 :II0.000 a() 60 
Willow Crae.t No. 3.. •••• -,---····- 18',000 i,f,000 40,000 Ul 103 
WWD\'lf Crmk No. '···-······-···· m,ooo 1911,00U 41),000 210 1211 
~ Vado •• ---·-·····--····--· z:18, 000 Ulll,!.l.'JU 100,000 171) 180 
Cuon de Chama----·-------- 92,000 80,400 12, ::ioo I~ 120 
Ablqlllu._ •••••••••••••••••• _ ••• -.ooo 2SO,OOO ae.aoo ttlO IN! 

To&al---··---------· 1.,00,GOO 7l8,400 R,DI 1,0BI 7llO 

Eal.mated mSQ ~ emi.tnlllad low: 
Chama B.lvlll' iu Ablci.alu.--------.. ·-------------------L Dl. 000 
Su 1--Cltama Di'Flllliml.---······-----··------do-~ 

Total._____ --------------do.- MO. 800 
lquin.lat !low.. ·-··---------··---MleL M5 

Mass curves of the reconstructed :flow at Abiquiu 
from 1916 to date indicate that the fiow of 885 eecond

eau be maintained prior to 1931 with very little 
l,e regulation and with large blocks of secondary 

513 

power available every year. The critical period from 
1931 to early in 1936 has been studied in more detail, 
a summary of which is shown in the !ollowing table. 

The studies indicate a firm power output of 
250,000,000 kilowatt-hours per year with a.n average 
output of 400,000,000 kilowatt-hours per year over 
long periods. 

Effect of pmur regulation of Chama Riwr on irrigqtion 
npply for Rio Grande.-If the Chama River and San 
Juan waters a.re regulated for power only in accordance 
with the schedule shown in table 9, the mean monthly 
flow below Abiquiu Reservoir becomes approximately 
53,000 acre~feet in minimum yea.rs. The ma.xi.mum 
monthly irrigation demand for the Middle Rio Grande 
Conservancy District is about 100,000 acre-feet. With 
Rio Gra.nde modified only to the extent of such a modi
fication at the Abiquiu dam site, the resulting flows 
would at practically all times equal or exceed the di
version requirements for the 1v1iddle Rio Grande Con
servancy District. The minor modifications needed 
to fully meet such requirements would not materially 
a.Beet power output. 

TABLE 9.-Summary oJ power produ.ction-Cho:ma River--Period 
l9S1-S5, inclu.n11e 

Date 

(1) 

11'1Sl 
lanna.rr ·-·--··-·---·-··-·--·----
Jl'sbruary. ······-···-············ Muell •••••••••• ________________ _ 

tt::1:~:::::::::::::::::=::::::: 
June--------····-· .............. . 
:~~t::: ::::::::::::::::: . ::::: 
Beptember ·-·----·----------- ----
O~ber ......................... . 
Ncvem ber ····----··-·-------
Deoember -·-············-···· . 

Total.--------···-········ . 
16/SI 

Juuary ·······-·······-·-······ 
ll'eb?Wlf)'. -----···-······-······ Ma.reb .......... _. __ ...... ____ _ 

ti::~::::::::::::::::::::::::·· 
1Ql19... •• ·-····-···---·-···--· 
lull'. -•. -·······-············-
.A 'Q81l!lt ••••••••••••• ------····· 
&pi.embe7 -------------------

. 
--. 
. 

. 

. October_,. __________________ _ . Ncmm11Jer _____________________ _ o-mbef __________________ _ 

Total ••••••••••••••••••• ,. 
ll.llUll7 ·--------------·-

~ ======:::::::::: 
~::·..:===:::::::::::: 
June........ ··-···· ltllJ' •••• _______________ _ 

=ber=========:::: 
NOTembllr --·-·-·--·-···· DlcemlJcr _______ _ 

. 

. 

-
. 
----. 
--. 
. . . 

T91al __________ _ . 

Outflow 
from 

Ablqu!u 
Rlver Ill 

1,000 acre-
feet 

(2) 

112.4 
74.4 
82.4 
N.2 
71. 4 
l,.~ 
1. 4 

32 1 
79. 2 
82.4 
711.ll 
82.4 

810.3 

112.4 
77.0 
112.~ 
N.2 
7.0 

81.8 
70. l 
Ill. 4 
IILl 
U.11 
M.3 
'6.4 

R7 

a:u 
?f.4 
82.4 
78.2 
11.6 
e.a 

IIU 
Gl.2 
42.e 
BU 
'1'11.2 
112.4 

71U 

Power output ln milllou .li:llowatt-
boun; by all pilll.llt! 1 

Primary 

(3) 

22. l, 
lll.' :tu 
21.8 
22.S 
21.8 
'.::!, 5 • 
;:i' 
21.8 
22. l, 
21.8 zu 
~.l 

22.l> 
21. l 
22. 5 
21.8 
2'1.5 
21.8 
22. 5 
zu 
21..8 
22.l> 
21.11 
22.11 

2GJI. 8 

zu 
20.4 
22. 5 
21.11 

.zu 
31.8 
:ru zu 
21.8 
23.11 
21.8 zu 

2811.l 

secondary 

<•l 

7.G 
&.7 
7.5 
1.1 
7. 7 
7.2 
:. 5 I 
• 5 I 

7.2 
7.11 
7.2 
7.6 

88.2 

7.11 
7.0 
7.A 
t3 
7.6 

21.3 
25-U 
21.0 
18. 2 
111.0 
18.l 
12.7 

173.1 

u 
e. 7 
7. 7 
7.2 
7.11 

H.A 
::113.4 
:11.a 
7.2 
7.6 
'1.1 
1.l> 

125. 8 

CO- 003463 

Tolel 

(~) 

SO. l 
21. l 
30.0 
28. 9 
30. 2 
29.0 
,0, 0 
.:CD 
211:0 
30.0 
211.0 
30.0 

illlll.3 

30.1 
28. l 
30.0 
38.1 
30. r, 
i3. l 
48.4 
43.li 
.0. 0 
U.li 
311.11 
&.2 

'88.9 

30.0 
17.l 
llCl.2 
111.0 
18.0 
IU 
&II 
tU 
18.0 
IG.O 
:11.1 
IIO.O 

au 
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Water Importation and. Storage 

T UILE 9.-Summary of 1)01/.'ffl" production-Chama Ri11er-Period 
19S1-S5, indun-COntinued 

(1) 

m. 
lamw'l ·····---·-- -· ---------- •• -
hbrnan' - -------------- ------ -- -
March...-...................... . 

tr.:-::::::::::::::::::::::::::: 
111De--------------------···-----· Jwr -. ·------------------·------
•uami. --------- -·- --- -. ---- ----e.;itamw •. __ .. ______ .. ________ _ 

Oocober ------------------ -·-- -- -No.,,.mber -------- _____ ------- •. _ 
Decembe.r _____ . ·-- •. ·--------- - - . 

Total .......... ······-··· .. 

ms 
JllllUN)' ------------------- -- -- • - -
J'ebrlllrY ••••••••.•••. ·--· ····--. 
Miarch.. ___________ --- --· .. --- ·---

t/:::::::::::::: :: :: : ::::::: ::: 
Jw:ie •••••••••••••• ·······---·-··. 
Jgly. ---------------- ----- ---- -- . 
.6.llemt •••••• --- ---- •••••••••• -·. 
S.ptembv •• _ •..•.•.•••.. ----· __ _ 
October.---·-· --- -- --- -----· .• -· 
Novemblll' ••• -- __ . ------ •.•••• --
Deoamber •• -. -----• ------ ----- ·-. 

Total_·-····-·-·--------··· 
1"8 

Jaouary ·····--·---··-- ••••• ----·-
i'abl'U&I')' - ·------····· ----- ---- - . 

Outflow 
from 

.&bl.Qulu 
Blnr bi 
l,IIIJO-.. 

(2) 

12.4 
M.4 
82.4 
llfe.2 
40.li 
711.1 
82.4 
IS,ll.11 
47.3 
61. l 
411. 7 
48.8 

740.8 

80.4 
47.11 
Ul.8 
M.G 
82.4 
91.3 
445.0 
48.6 •• t7.0 
46 
'5-0 

1117.11 

IMl.4 
all.Ii 

Powlll' outpat Ill mUIJoJJ 11::llowau-
llaun by all planta 

Pr!marJ 8-Ddllty Total 

(3) (4) (Ii) 

22. 5 1.li 30.0 
111.4 6. 7 :ru 
::zu u IO.O 
2U 0 121. 11 
22.5 0 22. 6 
21.8 0 21.8 
2:U 0 22. 5 
22. 5 0 22. 5 
21. 7 0 21. 7 
22.& 0 22.5 
2.1.s 0 21.8 
22. 6 0 22.G 

:11!15,2 21.1 Dl!.11 

22.6 0 22.6 
2:U 0 :ao.s 
17,4 0 7.f 
21..8 1.2 • 211.0 
2U 7.5 30.0 
21.& 7.4 211. 2 
2:U 7.5 30.0 
:ru 1.6 80.1 
21.8 1.3 211. l 
:r.u 7.6 30. l 
21. 8 7.2 211.0 
22. 5 7.5 30.0 

250.2 llU 317. 0 

22.5 7.6 30.0 
21.1 7.0 28.1 

Power market.-The census of 1930 shows a total 
population of 500,000 in the Arkansas, Rio Gmnde, 
and San Juan valleys, with.in a 200-mile radius of the 
center :Jf the ?mposed ?ower deveh>pment. Growth 
curves oaseci. upon census data beginning in 1910 a.nci. 
projected to 1950 indicate a population on the latter 
date of 550,000. 

Per-capita. annual power production in Colorado in 
1935 was 517 kilowatt-hours while in New Mexico it 
was 453. From 1920 to 1935 the per-capita production 
in Colorado increased from 423 to 517 kilowatt-hours, 
while in New Mexico, during the same period, the 
inc~ was from 42 to 453 kilowatt-hours. Total 
power production with.in the area in 1935 was 264,000,000 
kilowatt-hours based upon peM&pita. production in each 
State. 

Predictions of power coruru.mption in 1950 are 
hazardous but it is not u.n.reuonable t.o assume that i! 
cheaper power becomes available, potential per-capita 
consumption may reach 1,000 kilowatt-hours and total 
consumption 546,000,000 kilowatt-hours. 

The total potential output of plants herein· outlined 
probably cannot be utilized. by 1950 but the system 
' itself to construction by units as the need arises. 
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Cost of powe.r ~opment.-Installations and total 
estimated costs for the seven plants herein outlined 
are as follows: 

Name 

Chi.ma No. L------·-·····-·-··-·····--·
Pwlniew No. 2. •••••••• ----·· --· ••••••••• 
Uppez W!llD'II' Creek No. 3 •• ·-····--····· 
l.oww Willow Cn&k No.····-------····· 
El Vado ............... --------·--······· 
CBD011 de Cbama ••••• ---······--··-·-----
Ablqa.111.. ···----------· ••• ---···-. -----·-· 

Toial---···· -----········--- ----·· -

State Line Reservoir 

Xllow1m 
1DStalled 
cape.city 

5,700 
a. 300 
8,000 

U,600 
12. 000 
1:Z.,000 
IS,000 

68. IIOO 

COJt of dam Tol.alcmt 

P75,000 11, H.15,000 
175,000 IIOC, 000 

1,850,000 :1,170. 000 
l, 800,000 :I, C7&, 000 

(1) 
2,500.000 

024,000 
J, 135,000 

3,340,000 (, 156,000 

10,540.000 lt, 710,000 

Gemral.-Th.is reservoir (fig. 122) bas been under 
consideration for many years and was specifically 
mentioned in the Rio Grande Comp.a.ct. The site was 
also considered by the Middle Rio Grande Conservancy 
District to provide river regulation a.nd flood control. 

Three sites have been considered: the original State 
line Bite about l" miles below State Line Bridge and 
H{ miles above the Colorado-New Mexico State line; 
the lower State line or Costilla site at the mouth of 
Costilla Creek; and the Ute Mountain site about 10 
miles south of the State line. 

A summation of pertinent data on the three sites 
considered follows: 

811.e 

7,SOO 7,510 7,500 7,SlO 
Ele:•atlon, 1 Ele\"atlon, Elevatlo11, I Elevat!OJ:1, 

---------1---
. 3tal.e Line ...................... ,., .lO I JO I . '.'SM. JOO ,87, .'..15 

&~:witaiii:::::::::::::::::::1 ~ I : 1 · i::~ I ~~ 
The original site was considered by the Middle Rio 

Grande Conservancy District in 1929. It offers the 
lowest and probably the cheapest dam of the three 
but its capacity is limited by right-of-way difficulties 
above elevation 7,500. At th.is elevation its ca.pa.city · 
is only 2941000 acre-feet. Its height would only be 80 
feet, but foundat.4,n conditions appear to be the least 
satisfactory of the three sites. 

No. 2 site (Costi.Ua site) offers ample ca.pa.city for 
a. moderate height of dam but has underground water 
conditions quite unfavorable. At th.is lower elevation 
of the river, additional storage space becomes available 
in the basin just above the mouth of Costilla Creek.· 

Disclosure of the conditions at ea.ch of the above sites 
by drilling prompted a further seareh in a section of the 
river where ground water conditions obviously were 
more favorable. Ute Mountain site is the result of 
this searcb. 

CO- 003465 
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Ruerooir geology.-The reservoir area presents two 
distinct geological conditions. The San Luis Hills 
near the northern end of the ho.sin are a geologic arch 
of dense impervious andesite in an old peneplain Bur· 
face, while the valley proper above the hills is a down
warp with troughs at the east and west ends of the 
arch. This warping was attended by considerable 
contemporary faulting. 

This downwa.rping was following by a cycle of erosion 
which, south of the bills, resulted in a wide valley much 
deeper than tbe present gorge, but which was arrested 
at the San Luis Hills by the harder composition of the 
basement rock, thus permitting the deposition in the 
San Luis Basin of silts and alluviums in strata of vary
ing origin and permeability. 

Coincident with, and eventually overcoming the 
erosion, intermittent vulcrmism from sources at or 
near Ute Mounta.in 1 San Antonio Mountain, and other 
similar buttes in the vicinity, spread recent basalts 
over the southern portion to eventually fill the older 
channel w its present level, the older San Luis Hills 
arch acting as an effective barrier to prevent e.ny 
considero ble flow in to the northern area. 

Thus, north of the arch, ground water must neces
sarily be, and is, near the surface, but where the river 
emerges into the porous basalts downstream the water 
table drops below the stream surface. It is 66 feet 
below the stream a.t State Line site1 39 feet below at 
Costilla. site, and age.in on the surface at Ute Mountain. 
The water table gradient in the trough from the San 
Luis Hills to Ute Mountain is 2 feet per mile while the 
river gradient is approximately 8 feet. . 

The water table apparently has the form of a broad 
trough in the bottom of which is a local rise under the 
inm.etiia:.e 3t::'e·e.m ~hannel, :ndicaring 3eepage, losses 
from the stream. However, no appreciable loss 
developed in a careful series of seepage measurements 
me.de by the bureau in the spring of 1937. Below Ute 
Mountain, springs are visible along the base of the 
canyon walls but the gain measured at Embudo is not 
greater than may be expected from side drainage. 

Why the water table approaches the stream surl'ace 
below Ute Mountain is important but poorly under
stood. Drilling has shown that no basement a.ndesite 
or granite approaches the surface sufficiently to form 
a bottle-neck, nor is it likely that interfiow cla.y beds 
Ute are alone responsible. No clay beds were found at 
Mountain, but they were observed further downstream. 

Permeability of the basalts which form the entire 
floor and Bides of the reservoir basin south of the Sa.n 
Luis hills is the most _important consideration in the 
selection of a. dam Bite. In this basin, the bua.lt flow 
contacts, enhanced by columnar jointing should prove 
quite permeable. Water tests in the drill holes confirm 
this belief. A dam at any of the sita, to create a. 

Rio Granik Joint ln?Jestigation 

reservoir for irrigation and power purposes where Ion<> 
hold-over is requirodt may be of questionnble usefulnes'; 
by re11SOn of heavy leakage. For flood protec•· 
tightness is not a factor of prime importance since I 
around the dam can hardly damage the structure auu 
all water will eventually return to the stream. 

Summing up the situation, the area. north of the Snn 
Luis hills is underlain and surrounded by dense, crys
talline rocks which are watertight. Numerous spring9 
abound in the area.; nearly everywhere the water table 
is within a few feet of the surface. No visible springs 
feed the river in its cut th.rough the hills, but the dense 
character of the rock allows no leakage from the rh-er 
channel. 

A dam 40 feet high at the north end of this canyon 
would impound 170,000 acre-feet of water but the cost 
of right-of~way would far exceed the cost of the dam. 
There would, however, be no questionable features ns 
to its watertightness. 

South of the San Luis hills the problems multiply 
rapidly. .Approximately 60 square miles of bnsolt 
flows are included in the basin above the Ute Mountain 
site, 14,000 acres of whlch will be under the flow line 
of the reservoir. Throughout the area the water table 
is beneath the river and the possibility of extensive 
leakage from the reservoir becomes important, Eight 
miles below the Ute Mountain site the basin again 
becomes restricted by a ridge of hills, not unlike th" 
San Luis hills, but the cut.off to underground flo• 
not as definite nor is the throat as restricted. 

South of the San Luis hills, this latter location prob
ably offers the best opportunity for a dam with a tight 
reservoir but unfortunately beginning at a point about 
3 miles south of the Ute :\fountain site the :i,er 2:led " .. 
increases its gradient rapidly and to secure a reservoir 
of o capacity comparable to the sites above would 
require a dam more than 300 feet in height and with a 
longer crest length than any of the other sites. 

The Ute Mountain site was finally adopted to deter
mine estimated costs. While it is the most expensive 
of the tfuee Bi.ta, it has the advantage of large capacity 
for Hood control without unduly flooding San Luis 
Valley, and of hlgh power head if such development 
should prove desirable. 

Dam-aite geouigy-State bridge dam site.1-This site 
has been ably considered in a. geological report by Kirk 
Bryw. The following brief attempts merely to sum
marize the available information. The site has been 
partially diamond drilled but no pits have 1?86n dug .. 

The dam site is a narrow canyon eroded mto a hon
zontal series of basalt flows containing erratic interfiow 
cla.y beds. Both abutments are of horizont&l basalt.s, 
each individual fl.ow having dense centers and perme-

1 Geolo&:1-0: Ule Btata Lim dam ldte, JClrir .Brn,11, for the State of NP' Mv· 
A.llmqlllllrql3t, AUlllS& lffl. 
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Water Importation and Storage 

able, vesicular tops or flow contacts. Columnar jointing 
is prominent but widening by rim creep has not pro
gressed to the extent found at the lower sites. Un
- ·,btedly ma.ny of the vesicul&r zones will prove to 

.iuite permeable. Several interflow clay beds occur 
uetween flows; a 30- to 40-f oot seam occurs on both 
abutments above elevation 7,430, while another thinner 
seam is encountered (5 to 8 feet) beneath the founda
tion at elevation 7,395. 

The foundation is mantled with a thin veneer (10 to 
15 feet) of silt and gravel in which there are many large 
be.so.It boulders. Typical talus or loose a.ngular rock 
and rock fragments line the foot of the basalt cliffs and 
similar material covers the higher clay seam so that it 
is not exposed. 

The water table is found 66 feet beneath the river 
and probably does not substantiaJ.ly rise to the left for 
many miles. With storage it undoubtedly would rise 
on the andesite several hundred feet back from the 
right abutment1 where the impervious basement comes 
to the surface in the San Luis Hills. There is reason to 
suspect that seepage past the dam and reservoir may 
proye excessive. 

Costilla dam Bite.-This site was diamond drilled and 
no test pits were considered necessary. Five holes 
were drilled a.cross the proposed a.xis and one at the 
head of Costilla Gulch. 

The rock narrows is an erosional canyon cut into 
l -...;zontal basdt flows, which in tws looal.ity has only 

r inconsequential interflow clay beds. The older 
-dY into which these basalts accumulated was prob

ably wide and quite deep, the bottom possibly ma.ntled 
with gravels below the basalt. These· basalts extend 

_ ·)a.ck :rom '.::>0th ibu-tments"for-,::nany,.:niles,·-in ~hich 
the water table rises slowly to the sides (5 to 10 feet per 
mile) but is 40 feet beneath the stream level and 46 feet 
beneath the abutments. This bulge must indicate 
present stream loss. 

Both basalt abutments are made up of numerous 
flows with dense centers and vesicular tops and con
tacts. Normal columnar jointing is evident and some 
widening by rim. creep was noted. Abutment drilling 
encountered only a few interflow clay sea.ms1 none of 
which were over 3 inches thick: A 3-f oot seam was 
encountered 85 feet below the river under the left 
abutment. The foundation is covered with 8 to 10 feet 
of sand, gravel, a.n.d incorporated talus boulders of a 
porous character. The canyon walls a.re uncovered 
except for a normal. thin talus lying along the base. 

There is no doubt u to the stability of this basalt, 
considering its ha.rd cha.meter a.n.d the absence of clay 
beds. A concrete structure ean probably be utilized. 
Th~ jointed character of the abutments make grouting 
necessary to bind the blocks into a unit mass. A high 
r -iability is indicated. 

H~ 88 U 
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Ute Mountain dam Bite.-The selected Ute Mountain 
site was not drilled but two diamond drill holes were 
located downstream e.nd to the west in determining the 
water-table conditions. No test pits were utilized . 

The lower drill hole shows that no impervious base
ment rock approaches the surface and tho.t no thick or 
extensive inter:ftow clay bed is present for at least 250 
feet below the stream bed. Ute Mountain, undoubt
edly a source area. for some of the valley basalts, lies 
4 miles to the northeast and the deeper flows around 
this vent may be more massive and thereby somewhat 
less permeable. The mass may then form a partial 
barrier to downstream percolating ground waters on 
the left side of the valley. However, no such mass is 
found on the right side where horizontal baso.lts extend 
back for many miles. A drill hole (elevation 7,575 
approximately) encountered a thick interflow clay mem
ber from 40 to 78 feet and struck water at 24 7 feet or 
only 15 feet above the river. 

Both abutments are of horizontal be.salts but the 
number and thickness of possible interflow clay beds 
has not been determined. The basalt flows are similar 
to those at the upper sites but the deeper canyon has 
allowed more creep with the resultant widening of 
columnar joints. In fact, this axis is one of the lowest 
remaining areas where such slump has not seriously 
disrupted the waJ.ls or given rise to fond.slides. Down
stream, possible sites become increasingly less attrac
tive. Water tests in the drill hole located 3 miles 
down.stream (elevation 7,318) were unfavorable and 
much fracturing of the rock was evident. The founda
tion basalts should prove the equal of those encountered 
in the other sites. 

The ·~ater t.aole is probaoly within :1 iew i'eet oi the 
river surface, for immediately downstream springs 
appear at the surface while the water level in the lower 
drill hole remained at stream elevation. Overburden 
conditions a.re not severe; the foundation should con
tain only 10 to 15 feet of sand, gravel, and basalt boul
ders, while the base of the basalt cllifs are lined with 
normal talus deposits. 

Summal'1,I' of utimated drua 

Ute Mount&in Dam: 
Storage capacity •••• ---------------- 452,000 acre-feet. 
Spillway capacity ••• --------------·- 15,000 second-feet. 
Outlet capacity (required at elevation 4,500 second-feet. 

7,470). 
Elevation top of dam---------------- 7,508. 
Maximum reaervoir water--aurl'ace ele- 7,500. 

vation. 
Maximum height of dam._.--------- 198 feet. 
Total estimated cost, dam and reservoir. $2,600,751. 
Topography of reaervoir and geological Fig. 122. 

sections. 
Genera.I plan and section ••. --------·- Flg. 123. 
Preliminary eatlmate. ----· ___ --- • --- Table 10. 
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Water Imporlation and Storage 

Reservoir.-The reservoir area ot elevation 71500 is 
'.!0,000 acres, about 2,000 acres of which will require 
-•.,aring of brush and willows. Nine thousand five 

:ired acres has no improvements, and is believed to 
, e no value. Cost of right--Of-way for the balance is 

estimated as follows: 

Cost of tight· 
ol·way 

CUJl!vated area......................................... 1 1,980 1137,200 

~~,rd I.Ind::::::::::::::::::::::::::::::::::::::::::: ! t ~ :: :l 
1---1·---

Tota.J....................... ....................... 10,500 43b, 600 

8 '30 per am. 

It is assumed that all utility lines in the reservoir 
area will be abandoned and replacement will not be 

.• necessary. About 14 miles ofroads will be submerged, 
and the cost of highway relocation is estimated as 
follows: 
Relocate 2~ miles of highway at $6,000 ............. $13,500 
Bridge piers and abutments .• ----- ___ ..••••••... ___ 15, 000 
Baise old bridge spans.----- .. _. _____ ._. -- •.... __ . _ 8, 000 
Approach fills, 9,100 cubic yards at$!.______________ D, 100 

Total cost. _ •• _ •••.. _ ... __ . _ ••••. _ ..... _ _ _ _ 45, 600 

The removal of houses, hams, etc. from the reservoir 
area will cost approximately $20,000. 

Dam.-Tbe almost perpendicular walls of the ns.rrow 
't canyon indicate that the most economical and 
1le type of dam for this site is a concrete arch with 

an abutment spillway. However, there are possibilities 
for a diamond-head overflow buttress dam, but limita. 
tions of time and funds did not uermit m ~stimate of 
wst"':or'this ;;ype. · No tests we;e made to determine 
the strength of the rock, and no drilling of the founda
tion was done. There is nothing to indicate any geologi
c.a.I defects at this dam site. It is assumed that there 
is an average of 8 feet of sand and gravel above the 
basalt bedrock of the river bed. About 2,000 feet of 
earth dike is required on the left abutment. Material 
for embankment is see.roe, but probably enough for the 
dike ca.n be obt&ined on the hills in the vicinity and 
from excavation. 

A straight overflow concrete gravity dam at this site 
would require approxmately (165,000 cubic yards) 90 
percent more concrete than the arch dam and nearly 
double the cost of the dam. 

The adopted plan is an arched concrete dam with an 
axial radius of 27 5 feet. The maximum dam section 
will be 198 feet high with a crest width of 13 feet 5 
inches BDd a thickness of 62 feet 10 inches at elevation 
7,325. The crest at elevation 7,508 is surmounted by 
two concrete parapets. This crest elevation was neces
u-- 1n order to provide an S•foot free board for the dike , 
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The concrete arch tennino.tes in a gravity thrust block 
section on the left abutment beyond which is the spill way. 

Owing to the large outlet discharge requirements, 
spillway discharges will occUI infrequently as outlets are 
sufficient for normal fiood control. The spillway is of 
an emergency nature and consists of a straight concrete 
lined channel spilling into the ravine downstream from 
the left abutment of. the dam. The channel is 65 feet 
wide inside and joins the thrust block on the river side. 
Three 20 feet long by 17 feet high radial gates will con
trol the spillway flows. The outlet works will consist of 
trash racks with cleaning mechanism operated from the 
top of the dam, three 84-incb steel-lined conduits 
through the dam, each of which is controlled on the 
downstream end by an 84-inch ring follower emergency 
gate, and a 72-ineh needle valve. A bulkhead gate is 
provided to close the conduits at the face of the dam for 
maintenance purposes. The outlets will discharge 
41500 second-feet with the reservoir elevation 71467. 
A roadway to the valve house will be provided in the 
canyon below the dam. 

Join:i.n.g the spillway on the left will be an earth dike. 
The dike is of the typical rolled embankment type, 25 
feet in mu::imum height with a 30-foot top width, 3 to 1 
upstream e.nd 2 to 1 downstream slopes. The up
stream slope is protected by 3 feet of rock riprap and 
the do'\\,'llStream face with dumped rock. A concrete 
cut-o:ff wall is placed on rock underneath the dike. A 
thin mantle of soil covers the rock under the dike. 

It is planned to grout the foundation of the arch dam 
with holes 150 feet deep and at 5-foot centers. No 
doubt a certain amount of grouting will be required 
~der the dike section. 0wing :o ~he :hinness )I. ·,he 
arch and the high altitude, cooling of the concrete will 
not be necessary other than possibly a certain amount 
in the lower base elevations which probably ca.n be 
done vt'i.th river water; however, detailed design studies 
will indicate the necessary requirements. The con
traction joints of the arch are placed at 40-foot centers. 
Internal drainage is provided. 

Construction 1chduk.-Tbe construction schedule 
!or this dam should cover a two-season period to allow 
ample time for the fabrication of gates and valves, 
otherwise no difficulty should be encountered during 
construction unless the acquisition of right-of.way 
should prove difficult. 

Prdimi11,0,ry utimate.-Tbe preliminary estimate of 
this dam is given in table 10. The estimate includes a 
lump sum of $40,000 for diversion of the river and un
watering the foundations. No specific plan has been 
worked out for diversion. However, the construction 
schedule will indicate the best plan. It is anticipated 
that diversion will be made through a conduit in the 
base of the d&m and by leaving blocks at low elevations 
for maximum :flows. Unit prices in the estimate are 
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based on early 1937 prices a.nd may vary considerably 
over a period of time. The contract cost for concrete 
items includes the cost of hauling the cement and fur-

Ric Grawu Joint Investigation 

Dishl.ng aggregate. Sand and gravel can probably be 
procured at Sunshine Valley, a distance of 6 miles from 
the dam site. 

T.un.& 10.-Uu Moumcin Dem, preliminary utimate, Aug. tf, 1937 

[Concme U'Cll ud eutb em~t: Top or dam, alevatlw 7,808;1p!1l,,,.7 Cl'l!SI, elevation 7,483·j normal wate: ~. elevation 7,800; mulmum be!ght ot darn llall reet· _,_ 
imoe dnlw:lng no. ~D-H5 ' ··-· 

(Stonge capaclt:,, •~.coo ~t; IJl!ll,,,.:, ca]l8dt:,, IS,000-nd.fNt; required oat.let ca~c.!ty, 4,500 IN!lltlnd-ieet] 

lllVICll woaa 

Dlvenlo.n and 1ll1Water!D( fOlllldat!om •• _ .•.•• --·· .•.•.•••••••. 

U.11'111 WOJ.llt 
heavation, oomxnon: 

Dam fOUDdat!on. -· •• -· ------- ••••••• --- ••• ___ ....... -----· 
Strippillg for e.mbankme11t._ ....... ___ ······--······-----. 

~~p~ t.:;3:n~~~tn,i,'~~:::::::::::::::::::::::::::: 
Roadwa:v ................................ -·····--··------·· 

ff~!~ and tr&DSf)Ortation to dam.····----······----····· 
lbe&VliUOD, rocl::: 

Dam fow:1datJon __ .• ___ •.•••••• -··--··· •. ··-------- •.•.•... 
Cut-o!T wall footinn----······--············---·-······--·· 
Toe dreJm and cut.off tnllclles •.•••.• ---······ .......... .. 
Boadway .................... ___ .••••.. ___ ••.•••••••••••••. 
Spillway _________ --···--· ............................ --· ... 

EmblaDtment: 
Earthflll oompacted .......... ····-·-·· ----·-· ---- ......... . 
Plllllped mci' OD dOWDStrealll alope ........ --······--··•·--f~j]Lrook on UJJGtrea.m slope ............................ . 

Gravel far l'Oadwa:v Bild 1J1lllw11y ..................... -·-··· CJ&y blln.ket for dim. ••• ___________________________ ...... . 

G&oi:JTDiG .um Jlll,UJIA.01! 
DrllllllS: 

Grout holes not Offf 211 feet deeP-------··----·····-------· 
Grout 11a1eai Ii to w l'tet deep ............................. . 
Orootholes IIO!o JOO feet deep.,_ ......................... . 
Orout bolas 100 ro IM teet deep_ •• -·-·-·-·-·- ......•...•.•. 
DnlD llolel Dot over 26 feet dlleJl.-----------------------·· 
Drain holtlll 25 1o Mr•; deep ............................. . 
DrlJD boles 50 to 100 feet deep ....... ·-------------•-----•-
Weep boJes ______ ........................................ -. 
A.Debar bm and srcutinc ID place._ ..................... . 

,__ IP'OlltlIII!: 
FOWldBtlOD-.............................................. . 
Contraction loints ....... ---------- · ---- ...... -· ---------· 

Dnln tlle: 
12-mcll diameter clay tlle!c gravel.. ...................... . 
l-me!J •iiameter :Jar tile in ~aveL . .JL .................... ; 
~cil claroeter ~iay··:ilun Ql!Vei.. ....................... . 
.l-lDch diameter porolU eoncrei.e_ .............. ------------

00:IICl&TJ: wou 
l'onerete: 

Dam •.• ·---·-- ............ -----·- .... ---- •••••• -·--·.-----. 

l!!i~~C:U-~iiii::::::::::::::::::::::::::::::: 
Panpeta and cmbs on embankment aectlon. ______________ . 
lm!Uw,:v brld&e (ni&dqy) ..................... ------··· .. Cfut-off wall !tem ________________________________ ••••••••.. 

~ff ~l tootinp ....................... -- ............. . 

Villve-bouse 1111bluuemre. ,--------- ---- • --------------- .•. 
Valve-bowe 1111penllUcttU'e ........................ -.•..•.. 
Special 6nlsh{q COIICfete mrfaca _______________ •••••••.•. 

Metal: 
TrlSh racll: ................................................ . 
luim'Ol'Ol!llllmt ban __ -------··----------------··-······ ..•. 
Chau ud nw stops .................................... . 
Bulkhead ,:ate, hmm, and cu)dllL ...................... .. 
Outlet Cl!Ddnlt i!Dmg. -----------------------·------ .••••.. a 7:Mm:h needle valvea ud open.tin& meehaDlml ........ .. 
a 8+meh mic follower pta amd open.Ung mechanism ••••. 
Pipe and flttinp for Joandttlon =tlni---·--------------r&nr=f~for ~ :::: t lfDlltfDe-........... . 

~'e.!l 1Haot.::!fw~:' and~ mrcl!•nim _____ _ 

1Lml:lpllllD4 

QWLlltlty 

Amoimt Unit 

(I) ·-------------------

114,000 Cubic yard ....... 
H,800 Cubic :yard ........ 
10.000 Cubic :yard ........ 
2,600 Cubic Jard ........ 

10,lm CUblc yard •••. _ ... 
6(1() Cubic yard ........ 

70,000 Cubic yard ........ 

16,900 Cublc yard ........ 
450 Cubic yard ........ 
100 Cubic yard ..•.•... 

12, (MX) Cubic :,ard ... -•••. 
16,000 CUblcnrd ........ 

M,IJOO Cubic Jlll'd •.•.•••. 
11,400 Cubic yard ........ 
9,300 Cubic yard ________ 

10,000 Cubic yard ... -.... 
2,600 Cubic Jlll'd ........ 
6,000 Cubic Yard----·-·· 

a, ooo Linear root ••.••••. 
J, 250 Lluear root._ .••••. 
UOO Lloear root. ...... . 

M,000 Linear root ....... . 
SOO Llnm foot ....... . 

l,000 Lh,ear root _______ _ 
a, 750 Linear root ....... . 

MO L!Deal' root •.•••... 
liOO LlDea!' root •••.•••. 

49,000 Cublcfoot. ••• ___ _ 
400 Cubic foot ....... . 

• ~, !,-lnesr~oot.. ..... . 

i:;: r~:: ;:~=::::==> 
6,400 Linear toot ....... . 

16,000 Cubic yard •.. -•... 
650 Cubic yard ....... . 
270 CubJe nrd-------· 
IIIIO CubJc yard ...... .. 

'I'l
l~ CubJc yard .•. ___ •. 

Q CubJc yard ... - •• -. 
711 Cubie Jard •••..•.. 900 CubJc Jard _______ _ 

4!!0 Cubic :vard ....... . 
425 Cubic Ylll'd ....... . 
880 Cubic YUd .•.••••. 
100 Cublcnrd ...... . 

:a.ooo 8qa&n1 yard •.••••. 

126, 000 Pw.nd ........... . 
15'/0, 000 Pomd. ---·--··---

a, 100 Linear foot ....... . 
17, MO l'GW1d .. ______ •.•• 

466,000 Pound ..... -..... . 
llti0.000 PODDd ........... . 2'0,000 POWld. __________ _ 

ao, 000 Poaod ••••••••.••• 
16,000 Pound ........... . 
2, IIOO POUDd •• ----···--· 

4 llOO PCWld .......... .. 71,000 PIIIIlld ___________ _ 

7,500 Potmd ........... . 

Matma.l and labor fill'- Material furnished by 
n!shed by th8COlltraetor the Oovernmtnt 

Unit -i \ Total cost Unit cost Total cost rmt ~t Total001t 

(') 

\..81.00 
.30 
.25 
• 75 
• IIO 

1.00 
.35 

3. 00 
5.00 
11.00 
l. 25 
l. 75 

.10 

.20 

.40 
• IIO 

2. 00 
.40 

• 75 
1.00 
l.25 
I. 76 
1.00 
1. 5() 

2.00 
1.00 
• 4-0 

1.00 
2.00 

.so 
.)(l • 
. .\0 
• 70 

6. 75 
V.00 

11.00 
10.50 
21.00 
18. 00 
H.75 
11.00 
V.50 

12.00 
10. 00 
::n.oo 

• 75 

.02 

.02 

.2.'I 

.02 

.03 

.03 

.03 

.OIi 

.l& 
,10 
.02 
,04 
.10 

uo.ooo 

4, IJOO 
3,MO 
2,5CO 
1,950 
G,000 

600 
:U,l500 

60,700 
2,250 

eoo 
15,000 
20,250 

&,!00 
2, :.180 
a.no 
a,ooo 
5,000 
2,000 

3. 750 
1,250 
3. l2l 

C2.000 
50() 

l,llCO 
7,l500 

l500 
320 

49,000 
800 

~•o 
• ,oo I 

o5j) 
(,430 

488,700 
6,040 
2,970 
9,240 
3,150 

13, IIOO 
l, 106 
uoo 
4,275 
S, 100 
8,000 
2,100 
2,250 

2. 1,21) 
ll, filO 
l,W 

MO 
13.l.ll!O 
8.700 
7,200 
1, l500 
11. 750 

ll80 
800 

a.ooo 
700 

··•·• $0. 30'" ....... $240 

.75 38,750 

.oo 3eo 

50 :so . ,o IOO 
. 30 300 
.20 1,280 

3.2.5 273,250 
3. 75 2,100 
4. 00 l,O'IO 
8. 75 3,300 
4.00 000 
UIO a, 100 
4.00 300 
4.00 a,ooo 
4.00 1,800 
t.00 I, 700 
3. 75 I, 188 
4. &I 400 
• 05 1.00 

.00 7,MO 

.1135 111, ll&I 

.40 2,28() 

.00 l, 575 

.08 33,480 

.24 611,000 

.18 43, '120 
,08 2,400 
.10 2,500 
.10 2IIO 
,19 II.SM 
.11 11,280 
.10 7!!0 

(') 

Sl.00 
.30 
• :u; 
• 7.'I 
.60 

l.00 
.3.'I 

3.00 
6.00 
6.00 
l.2.'I 
]. 7.'I 

.JO 

.20 

.40 

.60 
2.00 
.40 

.75 
1.00 
1.25 
l. 7.'I 
1.00 u,o 
2.00 
1.00 
• 70 

I.iii 
2.90 

uo 
•• :JO 
.30 
.90 

9.00 
]2. 75 
16.00 
14. 25 
2.'1.00 
22. IJO 
18. 75 
l5.00 
13. 50 
15.00 
18. 75 
26. 50 

.80 

.08 
,06,'I 
• G,5 
.11 
• II 
.27 
,21 
.13 
,211 

·'° .21 
, I& 
.10 
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uoo 
3.54(1 
2.t® 
1,100 
a.am 

IOI 
24,!® 

A0. 700 :u,o 
eoo 

16.IIOl 
2&.2MI 

UIJC 
:U!!O 
l'l'20 
&.1100 
,UDO 
UlO 

I&. 150 
l.llD 

~ 
.. ··_;a, 

:.OIO ..,. 
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Water lmporla:tion and &oragtJ 521 
TABLE 10.-Ute Mountain Dam, preliminary eatimcte, Aug. JS, 1937-Continued 

Ma.tuial sud labor tur· Material furnished by 
Dlshed by tile coninetor tbe 00\1'$1".IU:llent Summary 

AmOUJ:Jt Ualt UuJt ;:est Total cost Unit cost Unit cost Unit cost J Total cost 

nema: 
Valve house. l!lt08pt C!ODenle ••••••••••••••••••••••••••••••• 
Onard rail for roadll'IY ••• ·-··-·--············------- ..•••. Gu-electric 1enerator ll*t IIWd eqglpment _________ •••••• ---· 
Clliari!lll nur•olr .•••••.••••••••••••••••••••••••••••. __ .••• 
Comtructlon camp and penu.n111t buildlllls ..•.......•..• 
Balocatlo11 Ill roads •••••••••••••••••••••••••••••••••••••••• 
BemovlDI bOURS, harm, etc., from -•olr ••.••...•..••.. 
Blebt or way ••.•••••••••..•••••••• ---·· •.••.•.•.•......•.. 
Tramporting tr-e11bt a:eept cemeut for Oovenuiumt from 

Ju-cso, Colo .. to the dam (15 miles). 

(1)3,000 

(') 
2.000 

(!? 

~:~ 
JO. 600 
1,000 

LiDw- root. ______ _ (1) 2, l500 (I) 2, 500 
• SO I, 000 • 50 1,500 

fl) 600 (') 1,000 
Acre._............ 25.00 SO, 000 • • • 

·················--- ---········· •••••••••••• (') - 4-0,000 
···················- --·········· ----·····-·· (l) ,~.600 
············--·----- (

1
) 20,000 ···-········ ········-··· 

Acre. •••••• _ •.•••• --····-·-···............ 41.50 ffl,7.'5-0 
To11 .•• _.......... !. 20 1,200 ---- .•••..••••••.••••••. 

(') 
1.00 

(1) 
U.00 
(') 
(') 
(') 
4).50 

1.20 

c!':~~ci.:i6 .• ni:::::::::::::::::: :::::::::::::::: :::::::: :::: :: :::: :::::::: :::::::: :::::: :::::: .. ~: ~: ~:. :::::::::::: --~:~:: ~~~- :: ::: ::: :::: 
Total estimated field C06t ••• - •••••••••.•..•...•.••••••••. --·······----- -··················· ••.••••••... -··········· •••..••••••••••••....•.• ,. •••••..... 

IDvest!ptloDS &Dd surveys ••.•.•..••••••••.•. ---------- ••••.••.•.•...•....••••••••••••.••.••.•..•..•••••.......••••••••••...•••....••••.......•.......... 

t~~=~ ~~~~~t~~"i.:::::::::::::::::: :::::::::::::: :::::::::::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::::::::: 
Oemral expeme, 2 percelll. ••••••••••••....••••••.••••••••. ----·--·- __ •.• __ •••••• --·-···-- •.... - .•••••.•..•.•.•.•••••.•••..••.•••.•••........•••••• __ •..• 

oit~ ::1.~~e .................................. , .......................................................... ---···-·---- ···--······· ........... . 
1Lump1um. 

6,000 
a.ooo 
:1,000 

6(1, 000 
40. 000 
46,800 
20,000 

~.75-0 
1,200 

2. 073.874 
311, OSI 

2,384,955 
~000 

nu, 24fi 
23,850 
47,700 

2, 11(1(), 751 
5. 75 
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PART V 
SECTION 3.-COLORADO INVESTIGATIONS 

Animas-Rio Grande Transmountain Diversion 

Genera! Plu l 

The South Fork of Mineral Creek, Mineral Creek, 
and Cement Creek will be diverted to a reservoir at 
Howardsville on the main Animas River a few miles 
above Silverton, from which a tunnel will pierce the 
Continental Divide eastward to the Rio Grande about 
60 foot above and a mile from the high-water line of the 
Rio Grande Reservoir. 

The diversion from the South Fork of Mineral Creek 
is at elevation 9,852. The west portal of the main 
tunnel to the Rio Grande has a. bottom grade at eleva. 
ti.on 9,697.7 and the east portal at 9,612. 

The principal features incorporated in the plan a.re 
as follows: 

Collection 11:,stem: 
Earth cam1L ___ • __ •• ---- ___ • ____ •.•••••• miles.. 1. 14 
Combination eeetioll. __ --- • ---- ____ -- ••••• do __ •• 8. 62 
Bellch ftume ________ . _____________________ do____ • 49 

Cut nd cover aectioD ..................... do.... • 85 TunneJ. __________________________________ do •••• 2.56 

Total in collection system _________ . _______ do ____ 13. 65 
i.J-'· -~~Rio Grande tunnel, 9.5-footd.ia.meter ..... do •••• 12. 98 
1 ·sville Reservoir, maximum height of dam 255 feet, 

a 1,500 feet, eapaeity _______________ acre-feet .. 53, 000 

The :route traversed by the collection system is 
cbaraeterized by steep, b~en side slopes, subject to 
frequrnt mowslides. J"?r .ili.is ~eaoon ::nosti Ji -~he 
system he.s been designed for concrete lining, cut and 
cov!,"r section, or tunnel. The tunnel from Mineral 
Creek to Cement Creek is the only feasible method of 
connecting these two creeks, trial lines around the 
slopes having shown such steep slopes and extensive 
rookslides tha.t no canal could there be maintained. 
There is a. possibility that some storage can be found 
to .regulate the flow of South Mineral Creek and Mineral 
Creek. If eo, the size and cost of the collection canal 
can be reduced, but it is questiona.ble whether the uv
ings which may result will equal the cost of reservoir 
facilities on these creeks. 

Howardslille Reaencm and Dam 

The high dam required to obtain sufficient storage 
capacity, and the cban,cter of the property to be sub. 
merged make for high Cl08t. Howardsville (a. group of 
seven or eight buildings od homes}, several old mine 
buildings at the mouth of Maggie Gulch, tog~ther with 5 

I .Fie. 1K, 

miles of highway and 3 miles of railroad (narrow gage) 
are below high-water line. The rail.road company has 
petitioned for abandonment of the tracks. The dam 
site itself hD.S not been explored by test pits or drilling 
nnd there are three possible locations for the dam. If 
the upper one at the town should finally be selected 
there may be a considerable decrease in the cost of the 
de.m, for the valley floor rises a.bout 60 feet between 
the lower and upper sites with only a slight decrease in 
storage capacity. A rough estimate of cost for the lower 
site is presented. No detailed plans were prepared. 

Anlmu-Rio Gran.de Tunnel 

The main feature of the project is the .tunnel from 
Howardsville Reservoir to the Rio Grande, 12.95 
miles jn length, and designed for 400 second-feet 
ca.pa.city. Physical conditions at each end limit the 
ava.i.lable fall s.nd even with the plan here proposed, 
there will remain a small amount of dead storage in 
Howardsville Reservoir. The tunnel "'ould have a 
ca.pa.city of 500 second-feet if given 28.4 feet of addi
tional fall, but this will add 1,440 feet to the length and 
increase the cost by $90,000. Such an increase in 
ca.pa.city may prove desirable t-0 increase water deliveries 
in late summer. 

Water Supply 

Altitude run-off curves previously developed for the 
San ;uan-Ciama iiversion were. 3.iso useci-:·or cs.lculat
ing run-off from the various watersheds on this project. 
The same period of years, 1916-25, was used in deter
mining a mean run..ofl' for that period, and the same 
type of annual and monthly curves were applied. 
Long concurrent run-off records for the Durango and 
Tacoma stations on the Animas River permit extension 
of estimates to a. longer period. The results are 
incorporated in figure 126. The figures therein repre
sent the sum of contributions from the individual 
watersheds of the South Fork of Mineral Creek, 
Mineral Creek, Cement Creek, Animas River above 
Howardsville, and Arastre Creek. 

The cape.city of ea.ch diversion ditch receiving an 
unregulated supply .has been made 50 percent greater 
th.an the mean daily flow of the maximum mea.n 
month for the period 1916-25. The estimated. diver
sion allows for undivertible peak :flows above ditch 
capacities. Peak fioWB on intercepted tributaries 
were assumed to have the same relation to peak flows 
at Durango as the relation of their dl'a.mage areas. 
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Water Importation and Storage 

It was concluded that undivertible water would be in 
the proportionate amount that the flow at Durango 
exr-.,,eded a fiow of 5,000 second-feet during the day. 
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would he.ve been a full supply .in 15 out of 25 years 
from 1911-35, inclusive, with shortages not exceeding 
5,000 acre-feet in two additional years. A supply 
which could be secured 80 percent of the time would 
be about 122,000 acre-feet. The 1924-35 mean is 
130,725 acre-feet. 

fopting any figure as to the reliable water supply 
t- obtained for the .AJ:ilinas..Rio Grande diversion 
or upon which to base an estimated cost per acre-foot, 
it must be borne in mind that the period 1916 to 1925 
was one of compara.tively high nm-off. Since that 
time stream flows have been less. (See fig. 127.) 
For the period from l 927 to 1934, inclusive, the mean 
diversion would be onJy 123,250 acre-feet. In the 
minimum year of 1934 only 43,000 acre-feet could have 
been diverted, while the maximum in 1911 was 209,100 
acre-feet. If a figure of 150,000 is adopted there 

Figure 127 presents the progressive 10-yes.r means of 
divertible water, together with progressive 10-yea.r 
means for the nm-off of other San Juan Basin streams 
and of the Rio Grande at Del Norte. Significant in 
this figure is the more rapid drop in discharge of the 
San Juan River at Rosa as compe.red to the Anime.s 
River. Attention is also directed to the dry cycle 
which occurred on the Rio Grande from 1899 to 1910, 

TABLE 11.-HowardsviUe dam, preliminar11 edimate, Jan. SO, 19S7 

!Eutb embankment: Top of dun elevation 9,800; nortlllll waw mrfaoe elevation, P.?D2; mu.Imam be!a;ht or dam; 225 foet; drawing no. 253-~J 

[Stonlle aapaclty, 55,000 acre,feet; spillway capec!ty, 7.tm te00Dd·feet; outlet aapaclty, ll(IO IIICODd·feet, diversion capedty, 3,000 seo:ind-feet] 

Quantity Material and labor fu:r. Material furnished by 
nlsbed by tbe COllttaciOT tile Government Summllry 

Item 

IUV!ll WOU 

Dlvmlon ud unwallrina; fOW2d11tlons ....................... ._ 

11.1.IIT!IWOllll 
Excavation, common: ii1ff;: ~:Ji1J!iioii::::::::::::::::::::::::::::::::: 

Borrow, and trallsJX)rtatlon to dam ...•••••.••••••••••••••• 
Exmvatlon, rocl<: 

Ontlet twmel •.••••••••••••.••••.••••••••••••••••••.•..•••• 
•w, and U'amJ)OltatloD to dull ...••..••.... --,- .•.•••• 

T walls.-••••• -- •.•• ····--- --- __ ------· .•••••••••••••• 
1 .ent: . 

- fill •• ,--··-·················--··-············ .. ••··•· ... ~.nped rock on dO'lfl!Stream slope __ ••.••.••••..•••••.•••• 

:=t:b~:==.:::::::::::::::::::::::::::::::::: 
OBOt'TlJIIG AND l:111.U.IUG! 

Jrlllinl{: ;;rout !::pies 50--100 feet deeP-----------·----·····----·· 
:T'l!lllS1ll"e g;ouung, .'.illllltl acd aam .•.••.•.•••••.••••••.••••••• · 
Drain t.!le: . 

111--lncb d1ame1.er clay tile in gra'('eL ......... ----·-········ 
8-lncb diameter clay tile in gra~eL .••..••••••••••.•••••••. 
6-lneh di&mllU!f clay t!le ID gravel.. .•••.• -.--------········ 

C'onerel4': 

~8fi~U::1 TI:!:,::::::.::::::::::::::::::::::::::::::::: 
011.te chamber and tnsh-mc.k strocture .. ··-··············· 
Cnt~tl' walls •••.•....•••••••••.•••••••••••••••• - •• ---······ 

~~J=Jh~~~:::::::::::::::::::::::::::::::::::::::::: 
lllll:Til'WOllll 

Metal: 
Trmh net and miscellaneous ••... _________ .••..•...•. ____ _ 

Re!D!Ol'Ce!ilellt bll!'L ••••••••• ·················- ·••••••••••· B. P. sluice a:a~ 111d eonlml appantm .•••.•.•••••.•.•••. 

I~: 
Control home (except c:oDO"ete).---········----············ 
01te wnder'• home. ••••••••••.••• ·-- •••••••••••••••••••••• 

Amoont Unit 

(1) 

8220. ooo Cullie Jud ••.•.•.. 
6456, ooo Cubic :nrd---····· 
22. 000 Cubic YIIJ"d •••• ___ _ 

a, OIIO, 000 Cubie Jard .•• _ .... 

5,000 Cubieyud .•.•.• -. 
liQll,000 Cubic Jard._ ...... aoo Cubic Jard ______ .. 

3. 3M. 000 Cubic Jlll'd .•...••. 
t!M,000 Cubic Yard ...... -. 

119. llOO Cublc Ylll"d._ •• _ .•. 
4,000 Cubic Jeni ...... .. 

:2. 000 ':.icea:r !oot ........ , 
:5, :XlO , Subic loot_ ....... · 

1,500 Lllll!llr foot •...•••. 
1·=: ti:i:L::::: 

.500 Cubic }'Im---·--·· 
2,000 Cubic nrd ••••..•. 

100 Cubic yard .••••••. 
m Cublc Jard ....... . 

4,000 Cubic YBrd-······-
2& Cubic Jard ...... .. 

SO. 000 Pfflllld .•••• ---···· 
600, 000 Pmmd .••••••••••• 
111,000 Pow:id ........... . 

U11lt CIOSt Total ooet l'nlt cost Tot.al cost Unit oost Total cost 

(1) 

G.30 
.30 
.30 
• 2l5 

10.00 
• 75 

4. 00 

. 10 
.20 

·'° .6(1 

2. tO I 
l. (."() I 

• 70 
.eo 
.a, 

20.00 
H.00 
115.00 
12. 00 
11.00 
20.00 

.02 

.02 

.03 

'10. coo ··--- ··- ........ ··-- ·- -. 

118.000 ------······ ·······-···· 
109.800 --·········· ········----

8,eoo ----···-·--· ·········-·-
7&. 000 ••··•·•••••• ••••..•••••• 

156,000 ..•..••••••• ··--···-···· 
'47,000 .........•.............. 

J, 200 • - •••• ··---- --·- ....... . 

326.000 ··-····--·-· ••••.•.••••• 
136,800 ·••·•••••••• ···--·-.--·-23.800 ....................... . 

2,000 •••••••••••• ··········-· 

l0.000 '· .. ·······-· ···--'--····· 
:5, IXlO ll, 00 $15,000 

1,050 .(5 67S 
aoo .30 300 
260 .20 100 

10,000 4.00 2,000 
28. 000 uo 7.200 

1, Ii(,() 4,00 400 
ll, 100 4.00 3,700 
ff, 000 3. IIO 14, 40() 

MX] 4.00 100 

l,000 .118 4,000 
10.000 .113 115,000 

1,830 .22 13.420 

(I) 

80.30 
.30 
.30 
• 25 

10.00 
, 75 

t.00 

.JO 

.20 .,o 

.Ml 

24. 00 
17.60 
19.00 
16,00 
H.80 
24.00 

.10 -~ 

.25 

$JO, 000 

118,000 
109.800 

8,600 
ffl, 000 

M,000 
447.000 

1, :zoo 
325,000 
136. 800 
23,800 
2,000 

"ao. 000 
3(), 000 

1,725 
Q(X) 
am 

•...••.•.•••••.••••• ----·-······ 200 ·-----··-··· 800 ·------.---- l,000 
..••... --- .••.•...•••• ••••·••••• l, 000 • ••••••••••• 2,000 •••••••••••• 3,000 

1-----1----·1----1-----1----1-----
BubtotlJ ................................................ _ -············· --------········ .. •• ····-·-··--· 2,185,230 ····-······· 79, Oll6 -··········· 2.244,325 

-049 Co11t1Dgenclm, 15 peroe,nt ••••• _ -- ••••••.••• --·-·-····- __ .•. --- •••••••...•..•••••••••••••••••• --···· •••••••••••••••• -. ·-···-···· •.•••••••••••••••••••••••. 

r5.§~::~::=:: ::::::'.'.:::::: ::::::::::::::::=:: :::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::'.~::::: 
Total estimated cost {ex:clm:ln ot eJarin&. rlpt«-wa:,, ----·········· ....••••••.•.•....•...•••••••••• ·-····-·-··· ........................ ---····-···· 

Jua:lnraJJ, telqbooes. etc.). 

2.•w• 
a.coo 

1.M,W 
1111, 715 
N,a:M 

2,8'11, 071 
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Water Impcrtation and Stotage 

the low points of which are still lower than have been 
reached in the present cycle. co,,,_,.,.,,., OI" ,.~o ... 

.IHfl"!"'l>'l'llff"" COI.G".u:M:> • .,..,llAMS 
l'f:H 'l"(Aa ,_,,..,ftli\fl'. 1,1£#11 

527 

.... 
I I I ,_J.J_,_ p- ~ of DiYeraiona on Irription 

'.he Animu Bl•er ' - .AwiittllllRa11=0KMt1 

.l8 land claseification being made as a part of the 
Colorado River Basin Investigation authorized by 
section 15 of the Boulder Canyon Project Act, shows 
4,153 acres being irrigated above Durango from the 
Animas River with little, if a.ny, possibilities of fut'ther 
extension. Below Durango the existing irrigated. area 
is 14,354 acres, with minor possibility of extension. 

A tentative study of discha:rges of the Animas River 
at Ta.coma and Dura.ngo, depleted for possible diversions 
to the Rio Gra.nde for every month from 1911 to dateJ 
indicates that no shortages would have occUJTed at 
any time on existing rights or future developments now 
considered feasible. 
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I I I I I I I I I I I .. - ... .... .... .... 
Tl.• Vld 1111,•IOP &Nl)lto!I 1111 TMI: V[AII 

'Rl!l~bv ... 

P'IGUlllll 12'l' 

Materla I Slid labor 
furllillhed by tlill 

oontra.etor 
Material fnrnlshed !Jy 

the 00ffrIIDHllt Sul!IDllU7 

I~m 

D1VIZ1loml (0 Bomb MI.Den1 Cnet, M.lnenl Cniell:, Cement 
Creelt, IIDd ~ Crull;: 

Dinrsion imd aan or -ks •••••.••••••••••••••••••••••••• 
Exaantlcm, oommon .••••••••••••••••••••••••••••••••••••• t=ron, rodt--•••••••••••••••. ···········-··- •••••••••• 

~dllnK backllll ••••••••••••••.•••••••••. ······-·········· 

.... ~:~ by II feet, one 8 by 5 mt, two II bJ 6 feat. 
·u. ···-........ ··-- ... ---·-········--· ·-···· .......... . 
tformmllDt steel ••••••••••••.•••••• ·········-····· ••••• 
"riprep ••••••••••••••••...••••.•.•••••.•••••••••..•••. 

bntlon, oomman •••••••••••....••••........•.......... 

ei:==~~:~:::::::~~::~~:::~~~::::::::::~~~~ 
Conerete, cut ud conr lllf'Ctlon .•••••.•••••••••..••••••••.• 

~:~:: ::!~~~~-~::o_~::::::::~:::::::::::::::::::. 
&ein.lonieineuL IU!eL.------····-·························· · Tull~ct~lreet; L•H,000 ft1et): •••••••••••••••••••..•••••• 

g:e~\~::::::::::::::::::::::ii:::::::: 
Twmel (D-11. 11 reet· L-es,ao ~t): 

E,cavatwn, all el-.................................... . 
~~{~:::::::::::::::::::::::::::_:::::::::::::: 
Timberllll-•••••••••••• •••••••••••••••• ••••••••. --•••••.••• 
Dnim... ••••••••••••••• ·-·-············· •••••••• .•••••.•. -.. 
11111,.1.Dcb -ii. ,•ah·•---····-···· .......................... . 
~ l)il,T'lldox sate ...................................... . 
Mlroelle-nlOm 11318tll~- ______ ........... ____ ............ __ .......... __ m~ .......... _ ... ... 

Cuui10! boo.!L---·-·································· ....• ffl:::':l ~--·-······-··············· ... ····---····-·-
~ damlp. ---·-···· ···-·················· ···········-·· 

Ammmt Umt 

•.................. 
Cubic yard •••••••• 
Cubic yard ••••.••• 
Cublc yard .••••••. 
Cubie ,-.rd •.•••••• 
Cubie yard .••.•.•• 
Pound ••••••.••••• 
Plllllld ••••••••.••• 
Pound •••••••••••• 
Cubic 79rd ....... . 

Cubic Jard •••..•••• 
Cubic yard ...... .. 
Cubic ,vd ....... . 
Square yard •.....• 
Cubic yard. •.••.••• j 
Cubic y,>rd; ....•••. 
C ao1c :,aro ..••. : . . 
Pound. ___ •...•••• 
Ct1.bic yard ..•••••• 

Cubic yard_--~--. -
Plllllld ........... . 
Pound •..•.••••••. 
Cubio yml.. •.••••. M ft. b. m _____ _ 
Foot .•••.••••••... 

Ct1.bic fU'd ....... . 
Pound ........... . 
POIIIld .••.•••••••. 
Cubie rwl ..•..... 
:M rt. b. Ill... •••••• 
Foot •.•••••..•..•• 
POUDd •••••••••••• 
POWld ••.••••••••• 
Pmmd •.••••••••.. 
POWl.d •••••••••••• 

9800.00 
-76 

:S.00 
.2(1 
• l50 

11.00 
.O& 
.06 
,02 

LIIO 

.20 

.81) 

.25 -~ 
111.00 
:3. 00 

.· .... a.. 00 
.02 
uo 
11.00 

.08 
• (18 

10. 00 
80.00 

1.00 

18.00 
.08 
.08 

It!. 50 
l!I0.00 uo 

.0211 

.oz 
• 025 
.a 

$2,000 --·········· --·····--··· 
180 ----·---- ••••••• ·--····· a.ooo ....................... . 
au ·····-······ ········-··· II,~: ·-·· ·a. 75 ···- suss 

1536 • JO 1,070 
JIJC) • 25 11.!0 
810 • 035 l, 418 
llOO •••••••••••• ·······--·--

•••• 6. 00 ••• G2, 476 

.50 7.000 

~ OII0.000 -·········· ••••..•••••• 
«l,ll08 ·······----- ··-----····· 1'1"2. 11, 

ffl,000 
47,~ 
13, l500 
1, ll60 
1,026 

76 
BOO 

S,000 

6. 00 150. 000 

1.00 ~.000 
• :145 l&, 170 
. 21 17.010 
.:a.5 m 
• 175 3,P) 

S8'J(l.00 
• 7& 

3.00 
.2& 
. l!O 

21. 75 
.16 
.00 
-~ 

LIIO 

.20 

.IIO 

.25 

.45 
19. 75 
16. i5 

. .11. ;:, 
.05.'l 

1.00 

11.00 
.08 
.08 

16.00 
80.00 
1.50 

16.00 
.08 
.08 

21.00 
80.00 
uo 
.27 
• 2311 
.27 
.20 

6 Mlle ••••••.••••••• 15,000.00 '13-000 ••••••.••••••••••••••••• 16,000.l)J 
m Am.............. m.oo u,2&1 •••••••••••• •••••.•••••• 00.00 

(•) ·····---·-···------· ······-····· •••••••••••• •••••••••••• $0,00I'., ······-····· 

Babtotal •••••••• ·······---·-···· --- .•.• ·--- ...• -··· ... --- •.•• •••••• ••••••••••••• ····- ••• • • •• ••.••••••• ~ 410, 107 • • •• •• •• . ••• ll'ltl. l,(l(I • ·-- ....... . 
Col:ltullffllcles, 15 peroeut •••••••••••• ··-····· •••••••.••••.• ··-· .. •••••• ••••••••••••••. ·--. ----- .• -- . -··- ·- ....••• ·--. ···- .•••••. -·- •• ---· -- ··--·· ·-· _. ---···-

Total m.lmated tleid ooa¢ ••••••••••••••••••.••••••••••••••••••••••••••.••••••••••••••••••.••••••••••••••••••••••••••••••••••••• •••••••••••• •••••••••••• ~~d-L~~t... ..... ·····:·· ............................. -·-· ...... -· ............ -~-- .. ---··· . --............................... .. 
To«ahs&lmated aGII$ ••••• _ ••••••••••••••••••••••••••••.• ...................................................................... ---·····-··· •••••••••••• 

UoWlltdnilll Dfllll (total~ GOS1l •• -..................................................... -·········· ···--······· •••••••••••. •••••••••••• ••••••••••• · 

Onmd total. ......................................................................................................................................... . 
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21,000 

3,0S0,000 
81), 008 

172,776 
&15, OOtJ 
47,680 

137,ijj](l 
17,Ml:l 
19, 03:i 

810 
tOOO 
2,000 

'16. 000 
n,!IW 
.l!0,000 

S,191,107 
1197,1110 

0,IIM,023 
11,000 

mou 
Jaa,1Ml 
l"r.1.101 

7,1581,425 
t.Mll,071 

10.02.1116 

TX_MSJ_000557



528 

I 
n,nJ 

. 
w 

i 

.., 
Ill 
:z z 
:::, 
I-
z:. 
0 
ui 
a: 
Ill 

i!: a 
Ill 
Cl 
:z 
<I( 
a: 
Ill 
0 
ii 
' U! 
C 
! 
~ 

Rio Grawu Joint bmstigation 

co 
!:: .. 
"' ::, 

£ 

CO- 003478 I TX_MSJ_000558



SmYe11 

A topographic survey of the Howardsville Reservoir 
,. <t scale of 200 feet to the inch, and triangulation for 

unnel line from Howardsville to the Rio Grande 
_d carried out during August and the early part of 

September 1936. Detailed to-pography was not ta.ken at 
the dam sites. Trial lines for the collection ditches 
were run by plane-table at elevation 9,600 and 9,800, 
the upper line being finally chosen after results of 
the tunnel survey became available. A trial canal line 
was run between Mineral Creek and Cement Creek, but 
the terrain encountered was so difficult that the tunnel 
between the two creeks was decided upon as the most 
feasible route for the canal. Topography was taken at 
each of the diversions from the various creeks. 

Geolo11 

Animas-Rio Grande h.mnel.-With so little time and 
funds available for the investigation of this tunnel, the 
geologic investigation was necessarily limited to a minor 
field reooi:maissance and an office study of available 
reports. Fortunately, the regional geology was but 
recently reviewed in a report by W. Cross and E. S. 
Larson (U. S. G. S. Bulletm No. 843, 1935). 

The geologic history of the tunnel area starts with the 
pre-Cambrian period when the rocks of the time were 
metamorphosed int.o schists and gneisses. Then fol
lowed successively: Repeated intrusions by granite and 

ed magmas; marine sedimentation with the forma
of enormous tbiclmesses of sa.ndst.one, shales, and 

hmestones in some places and local erosion in others; 
Cretaceous uplift with deep canyon erosion; volcanism 
with vast deposits and flows of tuffs. breccias, :l,Dd 
1ggiomernws :nwtsperse'd "VJ.th p"eriods of eromon. 
Repeated intrusions shattered, deformed, and altered 
host rocks in many localities and left innumerable 
adjacent zones of weakened materials, a.nd finally 
uplifts and erosion. 

Most of the me.in tunnel will be in Pre-Cambrian 
crystalline rock but volcanic tuff, flows, intrusions, 
breccias, and agglomerates will be encountered. The 
predominate type crystalline rock in th.is locality is a. 
ha.rd, black, ampbibole schist, but undoubtedly areas of 
gneiss, granite, and other schists will be penetrated. 
Numerous dikes and other intrusives will be encoun
t.ered. The series should offer no serious construction 
problem. The San Juan tuff, which immediately over
lies the crystallines and may be penetrated for consider
able distances, is formed of volcanic ejects and consists 
of dark a.ndesite fragments and light colored volcanic 
uh, loosely consolidated. The tunnel will probably 
require timbering in th.is material. A few remnant.a of 
limestone and sandstone a.re found in Cunningham 
p .. 1ch and the tunnel may encounter some of these 

ients, but little remains of them. 
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The greatest difficulty in construction will probably 
be encountered nea.r the Howardsville Portal. Here, 
the rocks are a complex of flows, intrusives, tufi's, 
breccias, and agglomerates which have been deformed, 
fractured, altered, and intruded until it is difficult to 
follow any one formation for more than a few hundred 
feet. The series will be bud with softer altered zones 
and the shattered condition may give rise to undesirable 
water conditions. Support may be needed in sections. 

Near the Rio Grande portal the tunnel will enter the 
Treasure Mountain quartz latit.e, a formation consisting 
of uniform le.tite and andesite fiows with some interllow 
tuffs. Some lensed agglomerates will be encountered 
and may contain water. The flows a.re in general mas
sive and competent and no undue difficulty is to be 
expected in the tunneling operations. 

The geologic section shown on figure 128 was made 
from a regional study of the tunnel line. Because of the 
complex history, the section may be inaccurate in several 
sect.ions, especially nea.r the central portions. Only a 
few exposures of the underlying Archean crystallines 
have been found and the resultant interpretation of a 
predominantly crystalline tunnel may not be accurate. 

Many questionable zones will be penetrated: forma
tion contactst alteration of host rocks by intrusives, and 
loosely consolidated a.reas in the San Juan tuff or in any 
agglomerate or volcanic covered detritus. All such 
conditions will have their effect on the a.mount and rate 
of water to be encountered and on stability. 

The porous San Juan tuff undoubtedly will contain 
watert held up as it is by the impervious basement of 
Pre-Cambrian rock. The elevation of these cyrstal
lines should be a.spertained along the tunnel line by a 
cafeiul geofogica.l investigation and oy drilling where it 
is needed. The tunnel should be located continuously 
in the impervious Archean rocks, if possible. 

Mineral Cruk-Oemtnt Creek tunnel.-A profile along 
the tunnel is shown on figure 128. Both portals should 
encounter bed rock within a relatively short distance. 
The bedrock is the Silverton volcanic series so eJ[ten
sively altered and fra.ctured that it is impossible to de
w:mine the resultant relationship between the individual 
flows. Faults, folds, o.nd other structural features a.re 
obscure. Such a condition allows only general obser
vations as to the conditions to be expected in the tunnel. 
Some difficulty is to be expected in the shattered and 
altered zones through caving ground. Continuout 
trouble is not expected. Water ·conditions are nos 
expected to be severe as the source area is small and 
the general fractured condition of the rock will make 
for a. general low water table. through the area. 

Hotl)(J,rdwi.llt ruerooir a.nd dam suea.-Geologica.l work 
at this site is of only a. preliminary character. 

The basin is an erosional valley cut in the Eureka 
rhyolite and Burns la.tite flows of the Silverton volcanic 
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series. No evidence of Dll abnormal water table is 
found and spring nnd seep occurrences all indicate that 
nny uudergrouud flow is directed normally down the 
r through tJ1e river detritus, or possibly in sections 

fractured :flow bedrock. The sides of t.be basin 
fu~, J.11 general, mantled with we.sh and fan materials in 
local transit to the stre&m. The fiat basin bottom is 
composed of rounded and suba.ngulo.r pebbles and 
cobbles with sand and silt to form a firm but porous 
deposit. It is probably somewhat stratified. 

Dam site no. 11 about 1 mile down stream from the 
highway bridge at Howardsville, is a.t the upper end of 
a steep walled gorge. Bedrock is very near the surface 
on both abutments and probably quite shallow in the 
foundation. The foundation and abutments of the 
dam are of the Burns la.tite, a dark gray I ha.rd flow rock 
resembling a.ndesite, underlain with Eureka rhyolite 
which, in tum, probably lies on the San Juan tufl', a 
compact mixture of angular andesite fragments and 
nsh. The depth of river fill at this locality will probably 
not be excessive (10 ft.-20 ft.) as some sections of the 
canyon show rock a.cross the bottom. .All of the 
immediate rock is extremely broken and fractured so 
that the walls of the canyon appear cracked into small 
blocks. Weathering hru:i widened these fissures. 

Perhaps the most questionable and serious factor 
concerned is the severe fracturing of all of the foundation 
and abutment bedrock. Undoubtedly grouting will be 
rer .. ;.,.ed which may reach such proportions as to render 
f , undesiroble. 

..i.a.m site no. 2, 3,000 feet below the Howe.rdsville 
bridge, the bedrock Burns latite is pa.rt of the same flow 
as encount.ered at the no. l dam site. However, the 
:,ite at this 'Josition is 0ut of the -;2mvon :,ection md ilie 
7a.il.ey aid~ alope ~ore uniformly "to the river. The 
rock in all probability is equally as fractured as that 
at no. l with with less steep slopest the joints have not 
had the same opportunity to expand and so an appear. 
a.nee of a tighter, less fractured rock is afforded. It is 
believed, however, that drilling will indicate its inherent 
fractured condition. 

Bedrock is exposed only on the right abutment, about 
40 feet above the railway grade. A mantle of glacial 
boulders and fragments covers the rest of the area 
together with la.rge qulo.r talus blocks and detritus 
derived from the immediate higher land and is apt to 
be 20 to 30 feet deep. The left abutment overburden 
is ma.inly outwuh from a. nearby gully probably 10 to 
20 feet deep, modified by creep movement and in• 
corporated glacial detritus. It is likely that ell of th.is 
overburden would be .removed during construction. 

·· The river at this point is flowing on coarse river gravels 
embedded in considerable sand e.nd silt, with rock 
probably within 20 to 40 feet. Extensive grouting will 
be ¥ -~red to eliminate possible abutment and founda-

531 

tion seepage which may otherwise prove to be excessive. 
.At dnm site no. 3, located about 1,000 feet below 

the Howards,iJlc Bridge, the entire nrcn is muntlcd 
with various detritus. 

The right abutment is a large alluvial fan made up 
of torrential debris carried down Brendel Gulch during 
fioods. This detritus is a coarse mixture of angular 
boulders and fragments embedded in sand and silt. 
Probably 75 percent or more consists of large rock 
inclusions. It is believed to be fairly compact but its 
porosity and the manner in which it will act when 
saturated has not been determined. Bedrock, probably 
deep beneath the debris, will be the Bums quartz 
latite. The left abutment is mantled with outwash, 
composed of angular fragments and rock embedded in 
silt and sand, the whole being somewhat modified by 
soil creep. It is probable that bedrock is within 10 to 

. 20 feet of the surface. Depth to bedrock in the channel 
is estimated at 50 feet. 

Perhaps the most questionable feature at this dam 
site is the character of the right abutment outwash 
fan. Tests to determine its reaction to conditions 
similar to those that will be imposed by the dam should 
be made. The fan of the right abutment is as much 
in the process of formation todny as n.t any time in the 
po.st, by frequent torrentinl floods. The depth of 
overburden will minimize the requirement for grouting 
of the bedrock. 

The points in favor or against each of the possible 
dam sites are so widely varied that no comprehensive 
opinion can be formed without the advantage of a 
testing program. Geologically, the no. 1 site is to be 
preferred, provided that the severe fracturing oi the 
bedrock .ilas not .;o increased t.he porosity ind decrea.seci 
the stability as to lose the advantage normally gained 
by a. bedrock foundation. Considerable exploratory 
work will be required at all of these sites before a selec• 
tion can be made. 

Wemmuche Pass-Transmountain Diversion 

The project contemplates the diversion of two creeks, 
one on each side of the Los Pinos River at elevation 
10,550, to the central stream near the head of the pass 
with a combined drainage area. of 23 square miles and 
thence through the divide by means of a. long cut. 
The canal discharges into an unnamed creek which 
flows into the Rio Grande Reservoir. Figure 129 is 
a general map of the plan. The routes of both canals 
were covered by strip topography taken with a plane
table on a scale of 200 feet to the inch, v.ith 5-f oot 
contour interval. 

Total run-off originating in the tributary wa.tershed 
area was estimated ·by means of the altitude run-off 
curves used for the San Juan-Chama diversion project, 
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somewhnt modified to more nearly fit the trend indi
cated by the records of the Pine River at Bnyfield. 
The results for the years 1916-35 a.re presented in 
figure 130. Filings have been me.de and ditches 
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practically completed for a total of 20 second-feet of 
water to be diverted from two small creeks within this 
area at elevations just high enough to be taken over 
the Wem.inuche divide without a deep cut, but no 
decrees have yet been secured. It is estimated, from 
a comparison of areas tributary to these ditches, t' 
about 4,000 acre-feet, on the average, might be secu 
by such a diversion. 

Diversions will be further limited in occasional yem 
by the requirements for the Pine River project at Bay'." 
iie1d .-for #ruch a. Jservoir oi 1251000 acre-ieet will 
soon be under construction to serve 69,000 acres of 
which about 35,000 acres a.re now being irrigated. A 
study of this project shows that while the reservoir 
would not have filled in 1925, 1931, a.nd 19341 there 
would have been no serious shortages except in 1934. 

The mean run..off from the intercepted area for 1924 
to 1935 is estimated at 31,270 acre-feet. Allowing 
4,000 acre-feet to ca.re for prior rights for diversion 
through the pass a.nd no water divertible in 19251 1931, 
or 1934, by reason of the Pine River project dema.nds, 
the 1924-35 average available for diversion is 20,455 
acre--feet. 

Su Jun-South Fork Rio Gnnde 
Traumomiwn Diversion 

General Plau 

Early proposals for this diversion contemplated 
only a tunnel from Wolf Creek th.rough the Continental 
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Divide to the South Fork of the Rio Grande, a collection 
system to divert the West Fork oi the San Juan River 
in• -qeaver Creek, and both streams carried to the 
, reek portal by a. ditch a.long the 9,000-foot con
to....... The terrain between Beaver Creek and Wolf 
Creek at this elevation is a succession of precipitous 
cliffs, close examination of which in the field disclosed 
the impracticability of such a. pl&D. 

The plan adopted (fig. 131) provides for the diversion 
of the West Fork of the San Juan River to Beaver 
Creek in a. canal approximately 2 miles long, of which 
2,400 foot is beI1ch flume. From Beaver Creek an 
8-ioot tunnel, 3.2 miles long and of 425 second-feet 
ca.pa.city would carry water southeasterly to meet a 
tunnel of the same size and 1.1 miles long from Wolf 
Creek. A 9-foot tunnel, 6.7 miles long a.nd of 525 
second-feet capacity will lead from the junction to the 
South Fork of the Rio Gra.nde. 

It will require 7 miles of difficult road construction 
to gain e.ooess to the West Fork diversion and the 
Beaver Creek portal. The South Fork portal is within 
a half mile of the main graveled highway over Wolf 
Creek summit, which also passes within 200 feet of 
the Wolf Creek portal. The latter is approximately 
15 miles from the Creede branch of the Denver & Rio 
Gra.nde Western Railroad Co. 

Concrete aggregates are expected to be secured 
witl,;" a few miles of the three tunnel portals. 

Triangulation of the tunnel lines was ca.med out 
from the Hot Springs site to Wolf Creek portal and then 
to the South Fork por~al .. Strip :o:pogr,aphy -was 
iaken from Hot 3pri.ngs to Beaver Creek. The Hot 
Springs and Beaver Creek reservoir sites were surveyed 
on a sea.le of 200 feet to the inch and their dam.sites 
on a scale of 50 feet to the inch. Detailed topography 
wu also ta.ken at each of the tunnel porl&ls. 

Geoloa 

Near the close of the Cretaceous period, the great 
Rocky Mountains were uplifted from the sea, marine 
deposition ceased, and in the San Juan region the early 
part of the following Tertiary period appears to have 
been one of oompe.rative quiet with continuoW1 erosion. 
Beginning with about Miocene time, & long series of 
eruptions progressively filled in the valleys a.ndt in 
time, buried the highest pea.ks with lavas. During 
interspersed erosion periods, drainage patterns were 
developed, at times with deep canyons subsequently 
refilled. 

The oldest formation which will be encounwed in 
the twmel is the Conejos andesite, a. aeries of altema.ting 
anc-1 · · ---s and rel.a.ted flows, conta.irw:ig b:reccia.s a.nd 

i 38 · M 

533 

agglomerate lenses of sand, gravel, and cobbles. 
Usually these lenses are well compacted with inter
stitial silts and clay, although a somewhat porous 
deposit is to be expected. Some lenses appear baked 
due to the heat of the overlying flows. Th.is formation 
is about 800 feet thick where exposed as prominent 
cliffs near Beaver Creek. 

Above the Conejos formation is a series of alternating 
flows a.nd tuff beds called the Treasuxe Mountain quartz 
latites, mostly rhyolitic and latitic flows with minor 
amounts of breccias and agglomerates. The more 
massive members often stand out as bold vertical 
cliffs. In this locality the formation is about 1,200 
feet thick. 

Overlying the Treasure Mountain series is the Sheep 
Mountain formation, consisting of thin discontinuous 
Bows and chaotic breccias. Many of the brecciated 
flows appear to have been hot enough when broken to 
have welded together again. Little foreign agglomer
atfo materiel is present. This series is about 800 feet 
thick near Beaver Creek, where it is exposed in promi
nent cliffs. 

The Alboroto quartz latite overlies the Sheep Moun
tain series. It consists of an enormous thickness of 
tuff beds and thick regular flows of quartz la.tite. 
The tuff beds are indurated and in many ways are 
similar to the flows, some of which are many hundreds 
of feet thick and appear to be dense and massive, with 
no outstanding breaks or fractures. In this locality, 
the formation is at least 1,600 feet thick. 

Overlying the Alboroto formation are the Huerto 
andesites, the youngest flows to be encountered. in the 
tmmel, composed of thin d.i..scontinµous mdesite -Hows. 
20 to 80 ieet thick, a.nd chaotic masses oi breccia. 
With the brecciated masses is much fine cementing 
material so that a fairly resistant deposit is formed. 

As indicated on the geologic section (fig. 132), the 
Beaver Creek Portal will begin in the ..AJhoroto quartz 
ls.tite. About one-half mile from the portal on the 
far side of the fault, it may penetrate the Sheep Moun
tain e.ndesite, raised above its normal position by drag 
folding a.long the fault. On penetrating the fault 
zone it will be in the Treasure Mountain quartz latite 
for nearly 6 miles, although some of the central portions 
may fa.ll in the lower Conejos andesite series. The la.st 
3 miles, near the South Fork portal, will be in the .Al
boroto formation. The short tunnel from Wolf Creek 
to the angle in the me.in tunnel will start in the upper 
pe.rt of the Conejos andesite and near the junction 
may enter the Treasure Mountain series. It is doubt,. 
f ul, however, whether in the tunnel the two formations 
can be difl'erentia ted. 

Structurally, e.l1 the flows encountered will be ap
proximately horizontal, but local variations will be 
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found with radical changes in the vicinity of the 
Beaver Creek fault. The only large fault indicated by 
present preliminary investigation will be penetrated 
by the twmel not far from the present Beaver Creek 
portal. This is a luge fault with a known vertical 
displacement of over 21000 feet. It is entirely possible, 
but not expected, that other less severe displacements 
will be encountered. The faults seem now inactive. 

Contacts between flows undoubtedly will contain 
local gravel or other detritus remnants incorporated 
between successive flows. As a generalization, these 
lensed inclusions may be more extensive between for
mation contacts than between intro.forma.tional flows. 
Such zones :may ca.use soft caving ground. 

It is probable that the regional wa.ter table is ex
tz,>~ 1v erratic due to tbe va.ria.ble permeabilities of 
ti • members and the repeated changes in the 
dn...... -6e pat.tan. Some areas are likely to show water 
close to the surface while others will be dry for possibly 
thousands of feet. The a.rea ha.s1 however, a high run
off md ~e '..-Ot.e.1 supply is great so .~hat l.IlY opportunity 
to build up a high table would be taken. Under such a 
high table, if the tunnel happens to tap a fractured 
zone or other porous structure, the inflow may be 
great and of long duration. Areas that are open to 
the most suspicion are those in the Treasure Mountain 
and Conejos formations as well as in the fault zone. The 
.Albo:roto la.tites a.re, in general, masaive and relatively 
impervious. Insofar as there is no regional under lying 
impervious basement as at the Silverton tunnel, large 
ground water basins will probably be rare and of local. 
extent. 

· The tunnels will be in rook throughout but a section 
not far from the Rio Grande portal passes beneath a 
basin under which the rook oover will not be great. 

It is believed that, on the whole, the rock will be 
adequately competent to support itself. Even the 
agglomere.te lenses, where exposed, &.ppear quite solid. 
Construction should be preceded by additional surveys1 

supplemented by some drilling. 

Beaver Creek Reservoir and Dam SUe 

The bedrock in the basin is made up of a wide variety 
of volcanic materials, ranging from flows, agglomerates, 
and breccias to tuff. The complexity of the relation
ships is due to a fa.ult running up and down the valley, 
a. continuation of that penetrated by the tunnel. 

The basin is, in general, heavily mantled with over
burden materials, the bottom with river sorted gravels 
and sand, while talus and outwo.sh mo.terial.s cover the 
valley sides with varying thickness. 

The reservoir basin has a normal tributary water 
table as indicated by spring and seep occurrences. 

The ultimate bedroek at the dam site is probably the 
Huerto a.ndesite, a volca.nic flow formation, including 

SAN JUAN-SOUTH FORK DlVERSION 
ANNUAL OIVERTIBLE RUNOFF 1916-1936 
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volcanic breccias and agglomerates. A fa.ult passes up 
and downstream through the f oundat.ion, bringing older 
Potosi volce.nics in juxtaposition to the above-mentioned 
Huerto a.ndesite. Bedrock will not be economically 
with.in res.ch for either foundation or abutments. 

The right abutment consists of slump rock e.nd soil 
slowly creeping toward the stream bed. For 800 feet 
vertically above the bottom of the valley, one can see 
hundreds of irregu]a.rly tilted blocks of shattered rook. 
Near the proposed axis the slope of this creep material 
is 40° or more, indicating that the material will con
tinue to move when conditions are favorable. The 
depth of tbis deposit is unknown with estimates rang~ 
ing from 20 to 100 feet. 

From a gully adjacent to the left abutment, torren
tial floods have washed large quantities of rock and 
soil to form an outwash fan of unkncr~'ll depth. This 
deposit of debris was progressively built up faster than 
the main stream could carry it away, resulting in a 
choking of the valley to form the pres.en t reservoir 
basin. The choking of the stream bas been an inter
mittent affair so that the central portions of the dam 
may be underlain with alternate wash nnd orens of more 
or less stratified deposits. 

Perhaps the most serious problem concerns the 
ability of the overburdens to take the dam load and 
meet the permeability requirements. Nothing can be 
concluded in this regard without a. complete test pit 
program. Another feature is the right abutment slide 
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area probably still in .motion down the slope. A third 
feature is possible leakage through the fault and the 
fractured bedrock. A drill program should ascertaiQ 
the rock profile, the condition of the bedrock, ar 
porosity. No recent movement is indicated nlon~ 
fault line. 
Hot Sprin1u1 Reaenoir and Dam Site 

The reservoir basin is believed competent \\ith n 
water tnble tributnry to the strenm. The valley is cut 
in the massive Alboroto quartz lntite volconic flow!>, 
little fractured. The sides of the vnlley are often 
bare but some n.rens are covered vdth u thin wash of 
soil and large angulnr rock. The basin is filled will1 
similar ma terinl. 

The river is flo"ing on bedrock and the abutments 
are for the most part bare. The flatter slopes back from 
the canyon edge are covered by a thin veneer (possibly 
10 to 20 feet) of wash, composed of rock fragments 
embedded in some silt. 

The rock on which the dam will rest is the Alborot o 
quartz latite, a series of thick mossive flows and tuff 
beds. The flows are essentially horizontal, dipping 
only a few degrees to the north, without appor<>nt 
faulting or fissuring. Minor grouting mny be required. 

Several hot springs issue from isolated joints in the 
rock, suggesting at least some deep water circulation 
possibly related to the Beaver Creek fa.ult which, 
however, is located well out of the immediate dnm 
area.. 
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Water Supply 

Areas and mean altitudes of each individual area 
ah-' ~be diversion point for the several plans consid· 
er re measured and run.off calculated from the 
elti~~ ... e run-off curves alrendy developed !or the San 
Juan..Chamn Diversion. 

A reservoir at the Beaver Creek site of 4,500 acre
feet capo.city requires a dam 100 feet high and 1,100 
feet long with foundation conditions apparently very 
poor, although no explorations were made. 

Above the di~ersion from the West Fork of the San 
Juan River, the Hot Springs Reservoir, v.ith a capacity 
of 3,400 acre-feet, would require a dam 650 feet long 
and of 130 feet maximum height, with a cost roughly 
estimated at $1 10001000. 

The reduction in canal and tunnel capacities, together 
with the small increase in water supply which these 
regulatory reservoirs would accomplish, is not com
mensurate with their cost. They ere, therefore, omitted 
from the plan presented. The waters estimated to be 
divertible average 53,000 acre-feet annually, as shown 
on figure 133. 

Conejos River Storage 

The original program of investigation on the Conejos 
River contemplated only the drilling, prospecting, sur
veying, and estimate designs for a dam at site no. 1. 
Tl· :te had been previously investigated under the 
a 3 of e.n association of water users on the Conejos 
Rh-, but no foundation exploration had been done. 

Conditions disclosed by initial drilling raised ques
tions as to its feasibility. After consultation with 

_ :.Uteres>..ed- ;:iarties, :,he scope 'Ji :he :n,estigation ~·as 
broadened to include the prospecting, surveying, and 
estimate designs for other sites. 

The location of oll sites investigated is shown on 
figure 134. The extent of investigations at each is o.s 
follows: 

Dam 111te Extent oJ IDvestliatlom 
Site no. L •. _______ • _ Six drill holes, two test pits, one drift, 

dam site survey. Rough estimate 
and deaign. Tipton Reservoir survey 
utilized. 

Site no. 2 ____________ One drill hole in river bottom. Tipton 
Reservoir survey extended from no. 1. 

Elk Creek site. __ .___ Reeonnaiuance only. 
Site no. 3. - . _. __ . _ _ _ _ One drill hole on river bottom. No 

wrveya. Geological reconnai888nce. 
Granite aite _____ -- ___ One drill hole, dam, and reeervoir survey. 

Geological :reeonnieaa.nce. Rough 
deaign and estimate. 

Fox Creek lite._ _ _ _ _ _ Geological reconl:J.8isMnce only. 
Mogote site ... ____ ._. One drill hole, three teat pita, laboratory 

analysis of material. Dam, reser
voir, n.nd feeder canal surveys, ea,

timates, and design. 
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Upper river> 

Site no. 4. _ .••• - - - - _ _ One drill hole. Geoiogica1 reconn&is
aance. No surveys. 

Site no. 5 ____________ Three drill holes, dam site survey, 
geological reconnaill8ance. 

Site no. 6 ..• - - - - -- - _ _ Reservoir and dam aite survey. Geolog
ical exa.mination. Design and e11-
timate11. 

Dam Site No. 1 2 

The reservoir is an erosional basin co.rved into a rock 
sequence of andesite flows, flow breccfo, and o.gglomer
o.te1 dipping slightly downstream (1 °-3°). In places 
erosion has penetrated to the granite floor on which the 
volcanics were extruded. Below the flow line, the sides 
of the basin are erratically covered with terrace gravels, 
wash, slump, and landslide materials. The water 
table is tributary to the stream as evidenced by normal 
ground water springs and seeps. This, together with 
consideration of the bedrock character, suggests that 
no significant seepage from the reserroir itself is to be 
expected. 

The dam site is o. n1UTows in which the enclosing 
bedrock is the same andesite complex found throughout 
the reservoir and no structural disturbances of folding 
or faulting were observed. The controlling factors 
to dam design a.ref ound not in the rock but in the char
acter and relations of the various detrita.1 overburdens. 
The right abutment is landslide debris, a heterogeneous 
aggregate of e.ngula.r boulders, fragments, and crushed 
rock, together with some in.filtrated surface silts. One 
drill hole and test pit indicates that the material is 
quite erratic both in composition and permeability. 
The slide debrl.$ is over 150 feet deep and rests on porous 
:iver graveis. ~ t :s · ~ei.kveci "hat ·Jnder ;:>resent ~on
ditions tl1e slide is quite stable, but this may not hold 
under the conditions imposed by the reservoir. The 
left a.butment, M indicated by three drill holes, shows a 
narrow ridge of a.ndesite extending to the river but 
fta.nked on both sides by deep wash a.nd slump mate
rials overlying terrace and river gravels. The ridge
like cha.racter of th.is abutment suggested that the rock 
is not in place but th.is suspicion was not upheld by one 
drill hole which penetrated rock {or a depth of 146 feet. 
Drill holes show stratified river gravels or a. loose, 
porous assemblage of gravel, cobbles, sand, and occa
sional boulders to be up to 200 feet deep in the river 
chrumel and they may be equally deep under the land
slide and under the wash e.nd sJump deposits on the left 
slope. These gravels once extended higher tha.n they 
do today, as evidenced by terra.ce remnants found 50 
feet a.hove the river. The landslide occurred over 
these gravels, when they were at river level, showing 
that the movement wo.s not of recent occurrence. 
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Duign and estimates.-The unfavorable foundation 
conditions demand extreme conservatism in the design 
r' •b.e dam. ·Construction of a cut-off to prevent 

lation through the foundation is impractical. 
ice for safety must then be placed upon flat 

r.._.,..,s1 upstream blanketing and loose rook backing on 
the lower slope. Water losses beneath the dam mn.y 
be estimated only after intensive and costly permea
bility investigations have been made. The results 
thereof may necessitnte measures for cont.rol of percola
tion beyond those contemplated in the tentative design. 

A dn.m 140 feet high to store 100,000 acre-feet is 
roughly estimated to cost $3,700,000. 

Dam Site No. 2: 

This site we.s considered as a possible alternative to 
no. l dam site. Preliminary investigation did not 
indicate such superior merit as to wmant unequivocal 
acceptance. The reservoir basin is the same as that 
commanded by the no. 1 site and no new factors are 
introduced. 

The dam site geology is in many ways parallel to the 
conditions found at the upper site. The bedrock is 
a. complex of Conejos e.ndesite, flow breccia, nnd 
agglomerate dipping downstream (1 °-3°) and no 
faulting is in evidence. As at the no. 1 site, the most 
important factors involve the condition and relations 
... f the va.rious overburdens. The left abutment is a. 

-~slide of uncertain origin, composed of angular 
·em, fragments, e.nd crushed rock with much in

... ..ted surface silts. It overlies river gravels which 
will be found to extend to considerable depth, possibly 
100--150 feet. The right abutment shows bedrock 
dose ~o· the 3urface ":lUt •Jonditio.ns immediately ·1p 
and down stream from the axis have not been .deter
mined. One hole, drilled to a depth of 90 feet, was 
entirely in river gravels which, in all probability, 
continue to over 150 feet. As at the upper site, 
terrace gravels, erratic we.sh, and talus deposits are 
found e..t various positions on the abutments. 

The geological problems involve permeability of the 
left abutment slide and the underlying foundation. 
The stability of the landslide debris is open to question 
with regard to piping, settlement, or other transfer of 
material. As the site is geologically no better than 
the no. 1 site, with the dam more costly, it ha.s been 
given no further oonside:r:ation. 

m Creek Site 

Th.is dam site, ut.ilizing the Elk Creek storage basin, 
is located about 2 miles upstream from site no. 1. 
The dam must neeessa.rily be a large one and, because 
of this, has not heretofore been seriously considered. 
Perhaps the main advantage of this site is the absence 
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of landslide abutments giving access to the deep 
foundation gravels. 

The dam site ha.a by no means ideal geological con
ditions, but the simple relationships have not been 
altered by la.ndslide or other structural disturbances. 
Both abutments are composed of Conejos andesite, 
flow breccin, and agglomerate, dipping 2° to 3° down
stream. All rock is believed to be in place but is 
covered with various amounts of wnsh and talus inter
fingering with the bottom river gravels. The fonndn
tion gravels mn.y prove to be 150 feet or more in depth. 

Construction problems hnve to deal mainly with the 
control of foundation percolation. 

Neglecting the excessive size of the required dom, 
this site is geologically preferable to the Conejos no. l 
or 2 sites. 

Dam Site No. 3 

The reservoir utilizes the South Fork Basin and is 
probably the highest site on the river which can control 
South Fork run-off. Like no. 1 reservoir, the valley is 
an erosional basin in the Conejos nndesite, flow breccia, 
and agglomerate complex, heavily mnntled with detrital 
overburdens below the flow line. The bottom flnts are 
covered with deep porous gravels and the sides with 
erratic landslide, wash, slump, and terrace deposits. 
The water table is tributary to the stream and no reser
voir seepage is to be expected. 

The dam site bas many unattractive features. Rock 
will be deep in the foundation and abutments. Both 
abutments a.re of landslide material, composed largely 
of angular rock and rock fragments with some inter
stitial silts. One drill hole in the foundation penetrated 
':xl'Jlders. rrnveL !l:Dd 31:lnd :o a depth ?f 17'.:! feet with- · 
out reaching bedrock. 

While the river bed gravels are quite permeable, they 
would be stable under earth-dn.rn conditions. The slide 
materials on the other hand may be both permeable and 
unstable. The large volume of any dam constructed 
at this site, together with the unattractive foundation 
conditions, were responsible for the limited considera
tion given to this site. 

Fox CrHk Slte 

The San Juan Peneplain1 comprising impervious an
desitic flo"WS, was here eroded to a flat surla.ce lying well 
above the reservoir area on the right but dipping v.ith a 
slope of 2 to 3° below the reservoir level in the left side. 
This original flat surface was covered with gravels and 
silts and topped with a thin· flow of basalt (Los Pinos 
and Hinsdale formations). On tilting, stream erosion 
began progressively to s~p off these less competent 
deposits, so that now the left rim of the reservoir ha.s a 
retaining wall or hogback of compacted silts and gravel 
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with a basalt cap. The water table is above the ande
site on the right side. Ground waters probably flow 

the dipping e.ndesite on the left side to form an 
.e.n flow m the main San Luis Valley. Under such 

...itions the reservoir seepage moy prove to be large. 
At the dam site the right abutment is of hard, imper

vious andesite overlain by errotic detrital talus and 
wash. The left end of the dam would rest on the north
east dipping, compacted silts, gravel and upper basalt, 
through which the water table falls. A block slide on 
th.is abutment has displaced a section of the capping 
be.salts, lowering it to the present river level. Down
stream from the axis this slide was disrupted to give 
rise to a landslide. The foundation along the uis is 
mantled with a depth of possibly 150 to 200 feet of 
recent, porous, stream gravels, cobbles, and sand. 

The block slide, forming the left abutment, is shat
tered and instability is indicated by the present steep 
slopes and the soft character of the underlying materials. 
The deep foundation gravels a.re themselves quite per• 
meable and probably feed directly to an underlying 
artesian member. 

ht view of the unfavorable geological conditions and 
the difficult remedial measures required, further con
sideration was deferred pending consideration of other, 
geologically more feasible, sites. 

~ranite Dam Site z., 

~rvoir conditions are similar to no. 1 site and 
Jlteral seepage is to be expected. Granite bedrock 

is exposed in the present stream channel. 
The most important feature at the do.m site is the 

probability of a dee~er stream gorge under the right 
1l.otitmem :errace. ·Drill .b.oie no. l encountered the 
granite bedrock 30 feet below the present stream bed. 
Bedrock may prove to be well over 100 feet below the 
present river level, along the center of such a. buried 
channel, the profile and location of which have not been 
determined. Overlying the bedrock are stratified sand, 
gravel, and boulders, which are remnant.a of terraces. 

On the left abutment the granite is overlain by a 
series of agglomerate and ash, in turn covered by a.nde
site flows and flow breccias. The ash layers appear 
quite compact. Normal talus debris mantles the abut
mentt increasing in depth from 5 to 25 feet up the slope. 
Permeability of the right abutment materials and the 
character of the left abutment contacts and ashes are 
important factors deserving further study if the site is 
to be eeriously considered. 

Storage capacity of 1001000 acre-feet at this site will 
require a dam with 210 feet maximum height and a crest 
length of 3,000 feet. Its cost is roughly estimated at 
13,655,000. 
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Dam Site No. 4 

This site is located in a narrows below Fisher Gulch 
a.bout 3~ miles below Platoro, Colo. Only a short 
geological reconnaissance was completed but the rock 
and overburden conditions have not proven satisfactory. 

A high dnm would given considerable storage but 
would flood numerous mining claims. 

The reservoir basin involves many geological struc
tures. Several faults cross the valley. The bottom 
flats are covered with river gravels and the flanks of the 
basin are erratically covered with landslide, talus, wash, 
terrace, and other detrital deposits. The ground water 
is tributary to the stream so that reservoir conditions 
ca.n be considered satisfactory. · 

At the dam site, bedrock is the Conejos andesite 
formation of andesitic flows, flow breccias, ashes, and 
agglomerates, which on the right abutment dip steeply 
to the northeast (strike N. 40 W., dip 80 NE.). The dip 
on the left abutment is much flatter. The steep dip on 
the right abutment is probably due to a le.rge fault 
running parallel to the river in the vicinity of Lake Fork. 
Theleftabutmentshowsa.relativelythiek mantle of talus 
rubble, overriding bottom terrace and recent gravels of 
uwmown depth. The underlying rock may be quite 
shattered. The right abutment, on the other hand, is 
eomposed entirely of slump and landslide materials, 
showing much fine silty matrix so that it appears re
markably compact. One drill hole was churned to 7 5 

feet without encountering bedrock. 
The 1912-35 mean annual nm-off at this site w11s 

estimated at 551000 a.ere-feet, of which not over 35,000 
acre-feet could be stored without inteference with prior 
rights. Reconnaissance indicated that a. dam more than 
~00 ieet in maximum height and a crest 1ength oi ioout 
11000 feet would be required to store the available 
quantity. Its cost per acre-foot would greatly exceed 
the cost of no. 6 site. This fa.ct, together with the more 
favorable geological conditions at no. 6 site, led to 
abandonment of explorations at an early stage. 

Dam Site No, 5 a 

Conejos dam site no. 5 is about 1 mile below Pla.toro, 
in the same reservoir basin controlled by the no. 4 site, 
but a.t the head of the steeper section. The site is 
attractive for a small dam {50 to 60 ft.). 

The reservoir·basin is eroded from a massive, hori
zontal, a.ndesite fiow, characteristic of this area. Much 
of the rook is severely fractured and igneous intrusive 
dikes as well as mineralized zones a.re common. The 
bottom is mantled with river gravels a.nd the sides are 
emi.tically flanked with terrace gra.vels1 wash, or talus 
deposits. Ground water is tributary to the stream and 
no reservoir loss is expected. 

1 Fie, 11&1. 
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The dam site utilizes e. na.rrows where a low a.ndesite 
ridge crosses the basin. This ridge is apparently due 
· , superior erosional resistance. All the rock is rather 

erely fractured but as evidenced by pressure tests 
~ two drill holes, these pla.nes are tight at depth and 
should allow little seepage. These fractures tend to 
localize in erratic shear zones. The site is quite free 
of detrital deposits with but 20 feet of gravels found in 
the river channel. A wedge of porous terrace gravel 
lies on the right abutmentt which together with all such 
detrital materials, should be entirely excavated. 
Pockets of the same gravel may be found in the depres
sions along the ridge. Considerable blocky talus will 
be encountered against the left abutment face. 

Construction problems vary largely with the size of 
the contemplated dam. .A 50-foot structure will have 
small economical dam section, while a higher structure 
must include dikes along the rook ridge. 

The low dam would provide in sufficient storage ca
pacity; the higher would be expensive. The site was, 
therefore, abandoned in favor of no. 6 site. 

No. 6 Site 

The dnm site is located about a mile upstream from 
Platoro which is 42.5 miles by gravelled highway from 
Monte Vista, the nearest :railroad shipping point. The 
reservoir is entirely on Government land within a 
United States forest reserve. 

mia.ry of data: 
Storage capacity ____________________ 32,000 a.ere-feet. 
Spillway capacity ______________ -- - _ - 6,000 second-feet. 
Outlet capacity (1,000 acre-foot level). 500 second-feet. 
Elevation top of para.pet _____________ 10,013. 
Elevation top of dam _______________ 10,010. 

~evation )i roillwe.y ~rest.•---··---- :0.000. 
· .'As.ximum .,.::i.ter-surface ___ . _. _ ... __ ~ 10,005. 
Reservoir are& at spillway level_ ______ 710 acres. 
Maximum height of dam_. _____ • _. _ _ 115 feet. 
Estimated cost-dam and reservoir_._ $608,000. 
Reservoir topogrnphY--------------- Fig. 137. 
Genera.I pla.n and sections ____________ Fig. 138. 
Preliminary estimate ______ ---------_ Table 15. 

Geology.-In many ways this site is geologically one 
of the most favorable sites to be found on the Conejos 
River. The reservoir basin is cut into a rock complex 
of massive a.ndesite flows and flow breecia.s with numer
ous intruded sills and dikes. Two major faults cross 
. the basin which are probably related in age to the 
severe fracturing of all the regional rock, a. common 
feature in this area.. The sides of the basin are errati
cally mantled with talus and washt which interfi.ngers 
with the bottom gravel deposits. The water table is 
tributary to the stream ·a.nd· no reservoir seepage loss is 
expected. 

The dam site is in c. canyon narrows eroded into a 
•• =~k, massive a.ndesite flow dipping slightly down-

1m. Detrital deposits are shallow on the abutments 
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and foundation. All the rock is excessively fractured 
and localized shear zones are common. One of these 
i.s a.long the location of the diversion tunnel and spillway 
so that excavation may prove somewhat difficult. 

No drilling or test pits were considered necessary for 
preliminary designs, but extensive drilling will ulti
mately be required for the purpose of more closely 
determining the scope of grouting nnd stripping 
operations. 

Dam.-Owing to the long haul for cement and the 
close proximity of sufficient embankment materials, 
this site appears to be best suited for the compacted 
embe.n.kment type of dam. It i.s estimated that there 
is sufficient material about three-fourths of a mile 
upstream from the site for embankment borrow quan
tities. There are ample sand and gravel deposits along 
the river "ithin one-ha.If mile upstream for the limited 
amount of concrete necessary for this dam. 

Figure 138 shows the generaI"plan a.nd ser.tions of the 
proposed dam and dike. The main dam is 540 feet long 
at the crest and attains a maximum height of 115 feet. 
The dike, some 400 feet to the left of the dam, is 400 
feet long with a height of 38 feet. The typical embank
ment section has a 35-foot top width at elevation 
10,010, a graveled roadway, and typical concrete para
pets and curbs. The upstream slope is 3: 1 with a 12-
inch gravel blanket overlain by 3 feet of rock riprap. 
The downstream slope is 2M: 1 with 2 feet of dumped 
rock for weather protection. It will be necessary to 
strip the vegetation from the site downstream from 
the am and all of the material overlying the rock up
strea.m from the axis. A considerable amount of this 
excavation can be used in the downstream portion of 
~he ~mbankm.ent. .Exca.ation :s Jssumed :o .lYarage 
10 feet for the lower portions of the dam and 15 feet 
for the dike. The cofi'erdam is designed to be bulldozed 
back against the toe of the dam on a 5 : 1 slope. A con
crete cutoff wall extends the entire length of the dam 
and dike. 

Syillway.-..A. gate-operated spillway is inadvisable 
under the adverse climatic conditions and a side channel 
uncontrolled crest spillway was adopted. This spillway 
crest is 140 feet long and at elevation 10,000 discharges 
6,000 second-feet with 5 feet of water over the crest. 
This spillway will be constructed entirely in sound rock 
and concrete-lined throughout. A concrete a.reh bridge 
will span the spillway channel. 

Owlet works.-An 8.5-foot horseshoe concrete-lined 
twmel will serve the purposes of river diversion during 
construction and later a.s an outlet. With the cofferdam 
constructed to elevation 9935 and the water surface at 
9930 or 5 feet below the crest of the eoff erdam, the 
tunnel will discharge 2,000 second-feet. After diversion 
one 72-i.nch diameter ring follower emergency gate and 
one 66-in.ch needle valve will be installed in the gate 
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T.u11:.11: 15.-UpJ)ff Comj011 Da.m, preliminary eatimate, Ja.n. SO, 19S7 

[1!:artb =~m:i&: top o! dam eleffUon 10,lll:ll; IM1lnl:llll-ter lmfaal eJentlO!) l°i::~;:rlllll ntc llill1aol elevaUou 10,005; m.u:111111111 belrht of dam, 110 !!let; drawlnr no. 

•s~ mpmty, 32,000 _...llilet; qiQl_.,. al)lldty, 8,000 -d-llm; diYffllkm Cll.l)llldt,, ~ -d·JINt; reqo.lJ'ed outlet llliPl,dt:v, soo aecond•feetl 

Item 

M llft'lal ll!1d la.bar fur- I M~ furnished by I 
~b7t:btocm~1 tbe"Oov1rnment . S11.un:11'L.'"}' 

i--A----,-.,.---U-mt-. ---i--'0-n-l&-_--,,_T_o_lal_mst_l Un!i cost j. Tot&!~ Unit cost Total -t 

IUVU WOllll'. 

Dlvmlon, ud oo-l.e:flng round.atlon, ..................... ----

BA1&Tllwo1t111: 
11:sO&VMIDD, common: 

a;~=~~~~~::::::::::::::::::::::::::::::::: 
Toe drams and cut.off tnmcbes_ .............. -........ ----
Spjllwa:v, and uml!lli iDlet and outlet_------------------··· 
:Roadway ,,._. _____ .... _ •••• ···----·------ ------ ------ -- --
Borrow, and &nuuponatlon to <1am .................... ----

1h0&Vl1Uon. reel:: 
cut-off .. 1111 ____________ • -·-·····----------- ------------· •• -
8pjllway, and iWI.IM! ln!eUnd oullet __ ................ ----

~.!~ andllhalt-----------·-···---- ........ -... ----
bb&nkment: 

E~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Gravel !oz roadway IID.d spilllll'llf-······---·-······· .. ··--

GIIOtmMG AMI) DllUllUG]I; 
DrlllillJ; 

Grout holes not over 2.'I feet d•P-----------------------···· 
DnlD bOll!:l! .. ---------------------······ ............... -· --
Weep boles- •••••••••••••••••••• ·-----·----------------·-·· 
Al:ichor bar8 ud a;rout.lng In place_ ... ----.... , : ••••••• -- --

F:::"8iur°utlnf: :rowidatlon •••. -----------·---····-----···· 

lJ.lncb diameter clay tile In pave.I .• -.................. --.. 

5 5 ~f Jit~y ~~~:::::::::: :::~-:::::::::::_: 
Clclll,m,,•-. 

,, 'f8ll not rormed----····---·-----········ .. ········-
·lllJ farmed •••••••••••••• ··--·-----·------·-······· 
11:ld CQrb wllills •• ------·---·-··············-------

-, ..cir and U'ftlWtion •• -,-·····-------·····--------···· 
Belo• opemlq ftoor or pt& clwnber ...... -•.••••••••• ----
Tmme.l, &!wt, Ad pto cbamber •• ----· ----··•·-·-•----···· 

s~:h:e ____ --~~~~:~::~-·-- ------·· --- ..... ------1 
:lu!AI: . ... ' 

. i~!vtiec:::::::::::::::::::::::::::::::::::::1. 
nlncll rl.ni..foUower pU and control mfd'b•nlsrn ••. _ . _ ----
IIIO-lnell needle vaJve ud cootrol mecba.nl.m:l---··-·----·---
u-ton hand 11o1s, ............. -•• ---···--------···---------OaHleciric ~ !Nit and equipment •••• _, .. _______ ••.. 
MlaclJlllaneotul meiaJ,.orll: •••••••• ------·---- ----- ------ -- --
Otcu& and drain i;i.lP1---·--------·········· •.•••••. ______ .. 

Uems: 

(1) (•) 

15,300 Coble nrd----···· 
40,000 Coble yard •••••••• 
22,!IM Cubie flll'd------ __ 

311,.5 Cubie Jl,l"d ••••.••• 
1,000 Cubic y111d _______ • 
1, ll30 Cubic yard-•...••. 

J&I, 100 Coble n,d.. ••••••• 

2IO Cubie n:d--·-----
• l'OO Cubic yard ........ 

3,1170 Cubic yard_ •••••• 
a.~ Cubic ;Jflllfd .... - ••• 

r.18,llOO Cublc,ud ••.•..•. 
IS,1110 Cobio :,wd..-------

111,600 Cubie )'Vd. ••••••• 
1,100 Cubic fW·-···--
l, 900 Cubic Yl,l'd ••••• -•• 

e,ooo LbJeaiftM>L.--·--· 
1,400 Linear foot ••••••• -

350 Lioear foot ___ -----
2, l'OO Lln4lm' foot •• -•• - - -

16,000 Cubic foot ___ ---·-

1W Linear root .•• ---• -
'i7.'! Lmear loot •••••••• 
800 Un- foot ••• ---·· aoo Linear Coot •••••••• 

:.r.11) Cubic n,d •••.•••. 
4150 Cubit. ya.rd ____ -- . 
370 Cubic :tlllcl ........ 
w Cable f&fd----···-
175 Coble yard •••••••• 

1, UlO Cable :,ucL ______ 
l,~ CublC)'llrd ........ 

IJ CnbleyWd •••• ____ 
Bl Coble :,vd •••••.•. 

.25,000 :?oWld ••••••••.• ~ • ! 
:IK,000 Pound------······ 
17,500 PoW>d •••• - ••••••• 

400 U-foot __ ..•.• _ 
111,000 Powid ......... -.. a.ooo Pound-··--·------
lli,000 PODDd ............ 

<'looo (!) 

Powld •• -.---····· 
1,800 Pound------····-· 
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J:.1,000 
•• 1177 

1~ 
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lt,000 

:::::: ::: : :: I::::=::::::: 
·········-·-1·----····---. ----------............... -.......... .. 
------------ .. -- ..... ------ ... ...................... ___ --- ..... -----... -

32,830 -... -.................. . 
l, 1183 •••••••••••• ------···--
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.u 
. 70 
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(') 
.20 
.12 
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12,000 
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H2 
400 
1541 

l&,ll30 
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71, 7.IO 
7,340 

k,000 
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6,06 
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8,000 
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&118 
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3,800 

Canlrol hoaae-pt llODlffl!te ____ •••••••••••••••••••••• --.. (•) (l) -··········- llOO ···········- IIOO (1} 1,000 
~I freldit, ua1pt llmWJl:Jt, for Oo-g from 

MonMIVbt&. Colo .. totbedamllite(43.!wiles) ••••••• ---- 2.'50 Ton .•• _........... '-80 1,:IJO ---------·-- ........... ··-········· 1,200 =::-~~~:::::::::::::::::::::::::::::::::::~: J r:::::::::::::::: -·····acxi" t= ······--- .. -············ 26.00 t~ c!1=-· U paoeni:::::::::::::::::::::::::::::::::: :::::::::::::: :::::::::::::::::::: :::::::::::: .... •· 11» :::::::::::: --··· 77,802 :::::::::::: 4~:: 

To&ahetJJIIJlt.ad field c.,ciat •••••• -,---------···········---- --············ •• --,-.................................................. ·-----······ -··-··------ 1548, M!I 

=~,.;;;:;_:=::::::::·: ...... ''. ... , .. :::::::::::=::::::: :::::::::::: :::::::::::: =9::::::::::::1_·--~--~--) ··_··-:-l• ____ :_:-?-: 
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chamb~ ,A.--~tr by· -14..foot ·lined Bh&lt will extend Summar-,..of estimate data-Continued. 
from ~e -y11lve chamber to the top of the dam, where it Topography of raervoir and geological Fig. 139. 
. ··sunhounted. by a control hoUSQ provided with a aections. • ·' ·A • · · will b ·;··· GeDeJ"aJplan 11.nd aeetions ______ : _______ Fig. 140. 

l. bomt~, gas engme gen~~;t~t e pro- ~-.: -·'Preliminary estimate of dam--------··· Table 16. 
vided ifot)iglitmg ud op~~;f T5~ .. ' The trash · '.: Preliminary estimate of canal ___ . _. __ . _ Table 17. 

rack aj.op: the tunnel penmts ~~sil~~'.d~pth for the · ·-:1rhe reskvoir area at elevation 8,040 is 970 acres. 
reservoir. ,The outlet end of th.cf tunnel ~charges into No :clearing will be required. Flood waters of the · 
the s~:hesin. , ) . , · . -:-;, . Cort~jos River are to be diverted into this basin by 

Wate"r" °l'Upply.-A run-oft' record for the Mogote ste.- means of a feeder ea.nal and short tunnel. 
~ont ~ miles below no. l site, from ~~12 ~ 1935, ~du- Otology.·-The oldest rooks exposed in the vicinity of 
mve, ~ the only record on t,he Con~J~S River _a.pplicablt,, : the reservoir basin are the Potosi series, a great thick
to this s~u~y .. Run:>ff at c.o. 6 site'wa.s ~~im~ted .by · ness of dense, crystalline, volcanic fiows of Miocene 
the prec1p1tati.on &;)titude me~~.' • ~ee1pita.ti~n. ~- · · 'Age. Overlying this series is. a thicknes.s of 400 feet 
ords at 10 statio~ m _the San ~WS:,V 1W ey and ad1ommg or more of gravels, sands, and silts. Cappmg the gravel 
wate~eds, -V:arymg m eleva~1;m from 7,600 to 11,50_0 and silt member is a th.in basalt lava flow. Locally, 
feet! '!'e available but so 'Wl~ly _scat~oo that their erosion hes cut through the basalt cap and carved 
de:1ation from ~ average curve 15 qwte_.great. The .. irregular basins in the gravel and silt member. The 
estimated run-off lS as follows:· proposed reservoir area. is in such a basin. ; 

. .ABf-/111. r.,_, "--!•rt The most important features involved in the utility / 
1912--~-·--·-·------ 55,900 rn2c·~,f------------ 51,100 of the reservoir basin are: (1) The great depth. to the I 
11na •• ~-----·-~----- 28,100 )925--.-:"/-.---------- 42, 000 water table and (2) the permeability of the silts and I 
!!!!J: :: : : ~ ~ ~::::: :: : !!~~:::: ~:::: ::::: :~ ~'. ~ gravels benentµ the reservoir floor. A drill bole nt the 
llHO •. ~------------- 66,000 1928 ________________ 34,400 dam site, elevation 7,957, penetrated 252 feet of silts, 1 
UH7--r···--------·- 58,700 1929 ________________ 61,100 sands, and gravels without encountering the water i 
uns--~-----------~- 40,500 1930 ________________ 36, SOO table. Over the reservoir floor with a minimum thick-, 
1919--~------------- 44,400 1931__ ______________ "¥1, lOO ness of a.bout 50 feet at the dam site is a fine rather. 

~:~=::::::-=::::::: :: : ~::;::::::::::::~:::. :!: : compact silt. Laboratory tests on an undistW'bed 
• ····------·-- 55,300 UJ34 •...•••••• ---··-- 18,700 sample of the mawial indicate percolation rates of .6 

·-----~---··-- 70,900 1935----------···--- 55,500 feetpety(lafunderaunithead. 
:ii-.n. mws. mc1m.1,e. te.?G0--1iilet, Under the silt is a series of stratified a.nd unstratified 

1

. 
These estimates agree quite closely with results p.e- layers of gravel, boulders, volcanic ash, and tuft'. Part 

cured: by modilying the altitude run-off curves used on of this series is stream laid, while the unstratified mem- i 
';hi; San Juan-Chama studies. . _ hers are 1]'robably :..orrentie.l wash. Nearly all of the j 

The reservoir capacity of 32,000 acre-ieet l'.eprosents members oolow 6b.e .rut iayer are 7ery porous. · Water 1 
the average amount storable, considering ·only the pumped into a drill hole drained rapidly away. Over-
dkect-flow uses on Conejos, and withf_~t regard for lying the 1Wt member around the rim of the reservoir 
prior rights on Rio Grande, whether in Colorado, New is a layer of a.bout 20 feet of coarse gravel and boulders. 
Mexi'r), or T~. In some yea.rs the amount ·so A cut near the dam site showed it to be well cemented 

'storable will fall to amounts not ex~g 20,000 acre- with lime at this locality. At other points it may be 
feet. : l-" .1 very porous. Overlying the coarse gravel is a thin 

.Motote Bu:enoir 

The dam is located approximately· 5 miles north.west 
of Antonito, Colo. 1 in section 4, T. 33 N., R. 8 E., 
N.M1 P.M. 

Summary of estimate data: 
Storage capacitY--·---------- ••• ··-. - -- 30,000 &1.Te-feet. 
8:pWway capacity _____ ----··-~-~-- •• ___ Emergency only. 
~tlet capacity _____ -· __ --·~-·------~~-, 400 aecond..feet. 
Elevation, top of dam-----~-;. __ .--~ •• _::'.8,0415. 
!&iximum reeervoir water-surface elE:va- 8,040. 

ltion, spillway level. ' , 
Muimum height of dam ••• ·: __ )_~·-·-- 95 feet. 

---==./itim,.ted coat, dam and reaerv,6ir~----- 8394,000. Umated coat of ca.nal ________________ 8352,000. 

~-oat,.. reservoir ud ca.zw _. ___ . __ • $746,000. 

flow of black basalt, probably about 25 feet thick 
file all thin surface flows, it is badly jointed an, . 
fractured. . The whole series dips slightly (about 5° 
to the east. 

From the available data it hu been concluded tha 
some leakage must be expected at this site. There ar• 
material differences of opinion on the extent of sucli .. 
leakage. It is unlikely, however, that such lea.keg~. 
will be of an extent that will preclude filling in most · 
years, as Conejos River fton not locally needed f~
irrigation {ar exceed the reservoir capacity, except .• , 
rare yea.rs like 1931 or 1934. No opinion is he .-. 
presented u to the extent of we.ten stora.ble, considi 
q all right.a to the water of Rio Grande and it.a trib . 
ta.lies in Colorado, New Mexico, a.n.d Texas. . . · 

j 
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Water lmporlatwn and Storage 

site, although no pits have been dug. Embankment 
materials can be obU\ined h1 the reservoir area, just 
above the dam site. 

The proposed roJJP.d~rth .~11d rock-Jill dam has a 
crest length of 645 feet i:i.rid 11.ttaina e mRximum height of 
95 feet aboye the stream bed. 

The embankment bas B. cr~st, width of 35 feet at. 
elevation 8,04.5 8J'ld -,am.es n graYeled roadway with 
typical concrete parapets and curbs. The upstream 
face, protected with a 3-foot layer of dumped rock 
riprnp has a 3: 1 slope. The downstream face is formP.d 
by a rock-fill of increasing thickness from crest to toe, 
that has an outer slope of 2),: 1 to elevation 7,992, a 
6:1 slope down to elevation 7,970, and 1%:l slope ter
minating at the foundation lenl. Beneath the rock
fill, which has a minimum thickness of 5 feet at tl:.e 
crest, is the rolled semi-impervious section which has a 
slope of 2)~:l. An inyerted filter will be incorporated 
in base of the rock-fill. A cut-off trench 15 feet deep is 
placed under the impen'ious section of the dam. 
Stripping of ,·egetation for the entire area of the dam is 
provided. 

1 dikf anproxip:rntel., 30C' feet loni; anc 2[ · feet ir: 
maximum heigi1t will he required in tne saddle about 
1,800 feet to the northwest of the dam. This dike is 
similar to the dam in section, except that rock-fill at 
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downstream toe is decreased. An emergency spillway 
consisting of an open <Jut channel. in the basalt cap 
rock 1,800 feet northwest of the left abutment of the-
dam was provided in the plan. This ch8Jlnel will be 
25 foet hi bottom width with ;~: l side slopes. The 
bottom of the channel will be at alevation 8,035 with a 
fu.;e plug built to maximum water surface. The chan~ 
nel is near the right abutment oi the dike and spills 
downstream from the dike into the saddle. The out-
let works consist of a concrete-lined tunnel under the 
left abutment of the dam. The tunnel has an internal 
diameter of 5 feet upstream from the gate chamber and 
the dov,..nstream section is 9 feet in diameter. The 
gate chamber, containing one 57-inch ring follower 
emergency gate, is placed under the axis of the dam. 
A 57-inch steel pipe conduit through the 9-foot diameter 
tunnel connects the emergency gate chamber with the 
48-inch needle valve in the valve house at the down
stream portal of the tunnel. A stilling basin is provided 
to prevent erosion from the needle Yttlve discharge. 

Provisions are mo.de in the estimate for steel liner 
plate for the tU1J.I1el. The outlet works will provide a 
dischnrg-'? caoacit, o: 400 second~foP., wi.t!.· ~u~ rese:-,oi:-
half full" or ~ wa.~r surface at elevation 8,018. · 

Mogote Creek is a small intermittent stream that 
discharges into Conejos River. Owing to the small 

TA11LE 17.-Mogote Canal eatimate 

Qwmtil y 
M e.terlal and labor fill"' Material fumlsbed by J 
~ed by the co11trac- I.be Oovel'll!Dell\ I 

Amount Unit l:IJ.it cost Total 001t U11!t cost Total oost Unit oost Tolal CJOSt 

DlversiOII: 
DIVl!l'Slon and mN of river·-----··---·----·-·-········-···· (') $5,000 ---·-······· •••..••••••. ...•••••...• 85.0l'O 
Esca.,at.lon,oommon ••••....•.•••••••••...••••••••••• _ •• ___ lll,000 Cubic yard........ $0.00 8,000 ·-·········· ••••••..•..••• 80.60 8,000 
Exmvatlon,strucuue •••••••••••••••• ____ ............ ___ ••• 1,100 Cuhlc;vard........ I.DO 1,100 ···-········ ···········- 1.00 1,100 
Embwment._ •.•••••••• ---···············-·--···········- IIOO Cubic }'Ud........ . 75 4M .•••••••.••..•••••.•. ···- . 75 ~ 
Bacldlll. •..••••.•••..• _ .••••••••• -·-········· .••...•.••••.• :too Cubie yazd........ .U 76 .•••...••... ..••••.••••• . 25 75 
Rlpn.p ••••••.... ---·······---···············--············· 1,200 CubJc:n.rd........ I.Ml l,IIOO •••••.••••.. .•.•••.•••.• 1.60 1,800 
Com:nte ..•....•. ---······· •.....•.•. ---· ..•......... -·---- 2,000 Cabic yard--······ ll!. 00 1118.000 83. 75 17, liOO 21. n 43,500 
Reill!oroement ateel. ..•••••••••.••• -·-········---·--····-.. 265,(J(JO Pound............ .02 r,,300 .OM 9,215 . 0.15 H, 575 

~te~l:~~:::::::::::::::::::::::::::::::::::::: 1t=i ~:t::::::::::: :: ~ :~ 2.g J:l 3
·~ 

Cllllal: 
lhc&Vatlcm, GJDUllOD----·--···········--··-···---·····--·-· 147,000 Cubic yard·-·····- .15 2Z oao -·--····-··· •••••••••••• .15 32, DOO 
~CBvatlou, rocll:: ••••••••••••••••..••••.•.••••• __ •....•.••• 15, ooo Cubic :vard·-······ • 75 11,200 -------·-··· •••••••••••• . 75 11,250 
E10Dt11t.lon, muet=-·-·--------·--········---············ 315 Cubic :Fllld........ . 75 236 ········-··· •••••••••••• . 7h 236 
Bllcll:ftlL ••••••••••••••••••••••••• -......................... 700 Cubic yard........ .25 175 .•.•.•..•.•• ..•••••••••• .2.1 175 
JUprap..................................................... a,soo Cubic yard.-..... 1.00 r,,100 .•.•.•.•..•• -······-···· J.50 5,'100 
e«icnte, structure........................................ 370 Cubic )'am........ 18. oo l!.e60 3. 7b l,388 21. 75 8.00 
~Uteel •••••••••••..•.•....••••••••....••••••••••••••• 47'!!00 ro~.~:·::::::::::: :aocd~ 2,= m:::5 J,1: 2ro: ~ i~ 
F11n11 brid(l!s ..••••••• _ ••.••••••••.•••.•.•••. -••••••...•••• -······--····· u .•...........•.• 200.00 a,ooo ......•••••• •••••••..... 200. oo a,0(10 

Turlllels. 7-rcot diameter; L•500wd 1,ll.50feet: 
E.ieavatlon, all ci-. •.•••.••..•.•...••...••.•.•.... ..... 5,375 Cubic nrd........ 1~- 00 llO. 625 .••••••.•••• ········-··· 15. 00 80. 625 

~~ ~.::::::::::::::::::::::::::::::::::::::::: .J:~ ~:!~~~.::::::: ~= 21:= _ ..... !:~-- ···---~:~~- ~: ai: ~ 
Timber •••••••..••••••.••••••••••••.•••...•..••• _.......... 75.3 M It. b. m ••• ___ S0.00 6.024 •••••••••••••••.••.••.. - l!I0.00 G,024 
Dr&lna.-.................................................. 2, 51C LlDl!!ef (OOt........ 1.00 2,610 .SO 1,2~ I. i'iO 3,765 

F=!~~~~::::~~~~~:::::::::::::::::::::::::::::::: (l) ~: -~:~~~=.~::::: :::::~~~= ::::::~;~= ~-···~-~-- ···---~~- -·--a:::-- tm 1-----0on~= 15 )MnlllDt:::::::::::::::::::::::::::::::::::::: :::::::::::::: :::::::::::::::::::: :::::::::::: -·· 335,:m_ :::::::::::: •.... 41,°'.H .1:::::::::::: ~= 
~~~~----------------·--· i----·--·-----· _--------------------i ____________ ------------1------:-:--: ______ :~J-~---··-··_··_··_·--1---:_1_:~-~ 

I Lw:ilp IIJID. • 
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Water Importation and Storage 

flows in the creek no special provisions are necessary 
for diversion during construction as the outlet tunnel 
will easily handle any anticipated stream flow. 

This dam can probably be constructed in one season. 
There are no improvements within the reservoir a.rea.. 
No clearing will be necessary. The reservoir area is 
mainly used for grazing and the cost of right-of-way 
should not exceed IUO pe,r acre. No construction camp 
or permanent buiJdmg "'ill be required ovdng to the 
short distance by dirt road to Antonito, where it is 
assumed that suitable housing focilities for construction 
workmen and the dam caretaker can be obtained. 

Fuder Oanal.-A canal of 400 second-foot capacity 
was surveyed, diverting from the Conejos River in 
section 1, T. 32 N., R. 7 E., N. M. P. M. 1 to fill Mogote 
Reservoir. The canal is 39,500 feet long with two tun
nels 560 feet and 1,950 feet long. Strip topography 
of the entire route was secured and an estimate pre
pared as shown in table 14B. 

The diversion dam in Conejos River is one of the 
major it.ems of cost, and is 2 miles upstream from the 
elevation required, in order to secure o granty diversion 
from a stabilized sectior: o: th& rive: chn.nne! Thre! 

~ ' . 

drops then became necessary to absorb the excess foli 
from the diversion dam. No feasible route could be 
found to avoid the two tunnel locations. 

Wagon Wheel Gap Reservoir 
Swnmary of data: 

Storage capacity ________ ------- •• ___ 1,000,000 acre-feet. 
Bpillwa~· capacity ____ -- ___________ •• 10,000 second-feet. 
Regulated outlet capacity ____________ 5,000 second-feet. 
Elevation top of dam ... _ .• _____ . ___ . 8,780. 
Ele\·ation of parapeui. _ _ _ _ _ _ _ _ _ _ _ _ _ _ S, 783. 
Normal reservoir water-surface ele\'a- 8,773. 

tion. 
Maximum J'ellervoir water-surface ele- 8,780. 

vation. 
River level. ____________ .. __________ 8,440. 

Maximum height of dam to bedrock._. 430 feet. 
Total estimated cost of dam------~--- 1 $11,301,861. 
Preliminary estimate._. _______ ~ __ ._. Table 17. 
Reeervoir topography _______________ Fig. 141. 
General plan 11.Dd 1Jedione ____________ Fig. 142. 

In accordance with agreements covering the program 
of the investigations, the plan a.nd estimate is for a 
reservoir of l ,000,000 aere-f eet, and no water supply 
studies have been made. 

General Dau 

Wagon Wheel Gap dam site is located on the Rio 
Grande about 9 miles southeast of Creede, Colo., in 

. Mineral County. It is 32 miles from Del Norte, Colo. 
The Creede branch of the Denver & Rio Gra.nde 
Western Railroad runs directly through the dam site 
a.nd nearly the full length of the reservoir. The reser-

1 E.xelmln of rio-r plant &Dd -.tmctloD of l"lilrol,d. 
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voir we.s surveyed a.n.d mapped by Shrive B. Collins in 
April 1909. The topography and !lrea map is no. 5802, 
filed by Chas. W. Comstock, May 6, '19091 a.t the office 
of the State engineer of Colorado. An assumed de.tum 
wa.s used for that map and survey with zero elevation 
apparently at river level. A flow line survey traversed 
the 300-foot level. The initial point of this survey and 
three of the points on the axis of the dam were tied into 
the 1936 surveys. The zero elevation of the original 
survey corresponds within .5 foot of United Sto.tes 
Geological Survey elevation 8,440. 

Plo.netable topography of da.m and spillway site on a 
scale of 1 inch=50 feet, with contour interval of 5 feet, 
was secured by the Bureau of Reclamation in 1936. 

Reaenol.r Geolon 

Basement rocks of the region are pre-Cambrian 
granites and gneisses, above which in the order of their 
deposition a.re the following formations, ell of which are 
exposed so~ewhere in the immediate region. 

1. Conejos a.n.desite. 
. 2. Treasure Mountain quartz latite; 
L Sheep Mou.titaJL a.nriesitto. 
4. Alboroto quartz latite. 
5. Huerto andesite. 
6. Piedra rhyolite. 
7. Creede sedimenta.ries. 
8. Fisher latite. 

Erosion periods of varying length o.nd intensity fol
lowed each eruption, so that each succeeding flow filled 
the eroded valleys and canyons. The Creede sedi
mentaries and Fisher latites, being the latest deposits, 
are now the predominate formations in the reservoir 
area and a.t the dam site. The present topography is 
the result of an extremely long erosional period following 
the Piedra eruptions during which uplift in Pleistocene 
and recent times rejuvenated the streams to eteh the 
present-day relief. The history of this section of the 
Rio Grande during Tertiary times is complex. Flows 
time and age.in must have dammed or changed its 
course. After the uplift, the river for some undeter
mined reason did not entrench itself in the neighboring 
Creede sedimen.tari.es, but beca.me caught in the Fisher 
Latite to form the present canyon, a canyon that is not at 
all the result oUa.ulting or other structural ~turbances. 
Glaciers reached no farther than about 3 miles upstream 
from the flow line of the reservoir, but outwash from that 
period is observable as terrace remna.nts in the reser
voir basin and as recent gravels in the foundation. 

No indication of unsatisfactory reservoir conditions 
have -been found. N orma.l seep and spring occurrences 
indicate a water table tributa.ry to the river. The basin 
is heavily mantled with terrace and recent river gra,•els 
to a. depth of at least 50 to 100 feat. Side we.sht fa.n, 
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Water Im porlation and Storage 

slough, and other detritnl deposits nre now progressively 
covering the bottom gravels. 

The immedinte bedrock is Cre,ede sedimentary tufis, 
shales1 and sandstones. In turn, this rests on an older 
volley floor of volcanic flo\\;s. In the vicinity of the dam 
site a massive latite (Fisher) flow rests on the Creede 
shnles to form a bottle neck, across which the river 
flows and which forms the barrier responsible for the 
formntion of the fiat basin itself. 

Considering the ,ofonnic rock character nnd the com
pact Creede sedimentaries filling the older Rio Grande 
Channel as well as mnntling the bnsin, little, if any, 
reservoir seepoge can occur. 

Dam Site Geolo1y 1 

The rock forming the foundotion nnd abutments is 
the Fisher nndesite or lutite, o dork, fine-groined flow 
rock '\\ith numerous lnrger c~·stals or phenocrysts of 
feldspar, biotite, and hornblende. It is mossiYe, hard, 
and competent. Some jointing and minor fracturing is 
noted but water tests in the drill holes showed thnt 
these planes are tight nt depth. Flow lines are evident 
and occasionall~· fl soft, thiL h;iterbedded ash foye~ iE 
found.. The latter inclusions become more prevolent 
at depth or toward the spillway saddle. 

The wells of the canyon are unusually sheer, but 
some locnl areas at the base ere mantled with talus 
detritus composed of angular rock and fragments with 
little interstitial silt, which, together with the bottom 
gravels must be entirely excnYated. Some local pock
ets on the right nbutment near the spillway contain a 
veneer (3-5 feet) of wash material. 

Beneath the present rh·er bed, the V-shnped canyon 
formerly cut in the bedrock is filled to e maximum 
depth of 80 feet with a roughly stratified mixture of 
boulders, cobbles, grnvel, and snnd in a loose, porous 
deposit. Boulders ber.ame more prominent with depth. 
Beneath the graYel, the rock is somewhat shattered and 
broken for depths of 5 to 10 feet but then becomes 
hard, dense, watertight and compet~nt. 

A drill hole 305 feet deep (246 feet in rock) failed to 
penetrate through the lntite. Creede sedimentaries 
probably underlie, but there is o remote possibility that 
at this particular location the Creede may be entirely 
eroded and the latite resting directly on one of the other 
basement flows. 

In either event the thickness of rock beneath the 
foundation should be sufficient to withstand a.ny pres
sures imposed upon it by the dam. The Creede forma
tion itself, wherever observed, appears compact and 
adequately impervious. 

Neither abutmeAt offers problems of consequence. 
All of the Fisher a.ndesite flows show some develop

men t of joints and an obvious flow structure. The 
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joints appear to be tight and when free from weather
ing influences should offer no difficulty. These joints 
do not extend lnterolly over great distances, but appear 
to be a poorly deYeloped columnar type, running at all 
directions, but always perpendicular to the cooling 
surfaces. 

On the other hand, the horizontal flow lines extend 
uniformly O'\"er large distances. These nre planes paral
lel to the cooling surfaces (top and bottom) which, 
rather than clenvnges, are mnrked changes in the tex
tural quality of the andesite. They are belieYed to 
originate, during the extrusion and suhsE'quent cooling, 
by temperature differences. Often they mnrk bound
aries between thin ashy inclusions. Such planes are 
ahnost invariably tight and no seepoge con be expected 
from this soUl'ce. All observed fractUl'es were clean 
and are believed to be susceptible to grouting, if o.nd 
when any seepage is found. 

The andesite, on the whole, dips slightly upstream 
and more steeply into the canyon. To the northeast 
the dip varies widely, becoming steeper toward the 
right where it is measured ot 60°. At the top of the 
ri,,.h·; abutmen: tn~ striK, i, }; , 3f", y·.. di1 3('' !-~E. 
while on the top of the left abutment it has :flattened to 
strike N. 30° W., dip 5°-10° NE. 

A fault parallels the river through the saddle on the 
right abutment, the downthmwn block on the fr,er 
side, bringing the andesite into juxtaposition to the 
normally underlying Creede sedimentaries. 

It is believed that this faulting bus induced much of 
the folding that is noted in the andesite flows at the 
dam site. That the dip steepens progressi,ely against 
the fa.ult is suggesti'\"e, while unquestioned drag folding 
of the Creede sedimentaries has been noted on the 
other side. However, some of the folding may be of 
originnl flow origin. There is no endence of recent 
mo'\"ement. 

There is little doubt as to the tight character of the 
andesite at the dam and little suspicion of the snddle 
sedimentnries is held in new of their compact character 
and the excessive di.stance the water must tra,el. 

Dam 
The dam site is very weJl adapted to a concrete arch 

type of dam. Studies and estimates were made for a 
concrete gravity dam as well as for other sections of 
arch dams. There is an ample supply of sand and 
gravel deposits of good qunlity both upstream or down
stream from the dam site. 

Figure 142 shows the general plan and sections of the 
proposed dam and spillway. The main dam will be 
1,200 feet long at the crest and attains a maximum 
height of 430 feet above the foundation. The arch 
section as shown on the drawing has a 20-foot crest at 
elevation 8,780, with typical concret-~ curbs and 3-foot 
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Water lmporiatwn and Storage 

parapets. The upstream and downstream face of the 
dam is curved in section as well as in plan. The dam 
is designed as a constant a.ngle arch type as closely as 
the topography will permit. 

One line of grout holes at 5-foot centers 50-125 feet 
deep and several lines of grout holes at 10-foot centers, 
staggered, 40 feet deep, are contemplated. One line 
of drain holes at 10-foot centers, 75 feet deep, connect 
with a drainage and grouting gallery. 

Spillway 

A straight uncontrolled overflow type of spillway will 
be located in a saddle approximately 560 feet from the 
right abutment. This spillway crest at elevation 8,773 
is 140 feet long. With the water at its maximum eleva~ 
tion of 8,780 or 7 feet over the crest, the discharge will 
be 10,000 second~feet. The spillway will be constructed 
entirely on sound rock and concrete lining does not 
appear to be necessary below the apron, as the outlet 
capacity provided will enable full control of practically 
all :floods without the use of the spillway. A channel 
with a 50-foot bottom width will hf:' excavat.ed ir rock 
for fl shon distance oeiow foe ·a.proii

0

a.DO. discharge into 
a natural channel leading to the river approximately 
1,500 feet downstream from the dam. 

Outlet Works 

The outlet works consists of two 10.5 foot diameter 
steel lined conduits placed at elevation 81475 branching 
into four 79-inch diameter conduits at the downstream 
side of the dam. Four 79-inch diameter paradox gat.es 
and four 6~inch needle valves will be located at the 
downstream slope of the dam in a needle--valve hou~. 
The gates and valves will be installed as shown on the 
drawing. It is planned to install a gas engine electric 
generator set for lighting and operation purposes. 

With the water..su.rface elevation 8,542 in the reservoir 
(the 501000 acre-foot level) the outlet works will dis
charge the required 5,000 second-feet. 

Mi1eellaneou Ccm Hems 

During May 1937, SUJ'Vey parties relooa.ted the high
way I took strip topography throughout and prepared 
an t>$WD.ate of cost. A. major item is the construction 
of a hjgh bridge aeross the river near the upper end of 
the reeervoir. State highway officials have given wel
come advice on the relocation. Including a branch 
road from the upper end of the reservoir to Creede, a 
total of 21 miles of road will be rebuilt. The road was 
estimated with a 23-foot base, 6-inch gravel surfacing, 
ma.xi.mum 6 percent grade and 20° curves. The route 
selected starts about one-fourth of a mile below the 
dam site, climbs to the saddle on the right abutment 
with a uniform gradient, then follows the right bank 
of the reservoir to the upper end approximately on a 
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water grade. From Creede the new route leaves the 
town at the present location of the Lake City road but 
climbs to a 9,000-foot elevation within a short distance 
and maintains that elevation until it joins the route on 
the south side of the reservoir. 

An alternative route along the north or left side of 
the reservoir was considered but discarded because of 
the excessive curvature, steeper grades and higher ele
vations required. For several miles the route would be 
at elevations of over 10,000 feet which would be ex
ceptionally difficult to keep open in the winter months. 
The route would be a few miles shorter from Creede 
to a point below the dam but longer in time required for 
travel from Creede. , 

There are 8,500 acres of land to be submerged in the 
reservoir; its ownership and estimated value is as fol
lows: 

l 
Acres Estimated 

value 
----1--
ff!i~~~i:~~i:::::::::::::::::: ::::::::::::::! 
t". £. Nationa' Fores:.~ .... -·-······'·······-

Tota.I ••••••.••••••••..••...•.••..•••••••••••••• -l 

I 7, M7 $377, 3&J 
• :n1 6,000 

~l ·•••••··•••••· 
E2C • ••••• , - •••••. 

3113,440 

Property damage, which covers several farm build
ings, about 100 tourist cabins and miscellaneous struc
tures, is estimated at $150,000 i telephone lines, 20 miles 
at $1,500, $~0,000; removal of Federal fish hatchery, 
$50,000. 

Information furnished by Stnt-0 officiuls i" to tJ1r eff et't, 
tht1.t the Denver & Rio Grande Western Railrond Co. has 
agreed if the reservoir is built, to petition the Public 
Utilities Commission of C.Olora.do and the Interstate 
Commerce Commission for the abandonment of that 
part of the railroad from Wagon Wheel Gap to Creede, 
which is the present end of the line. If such is donr, 
and the petition is granted, there v..ill be no additional 
cost to the reservoir. The cost of reconstruction has 
not been determined but. it would probably be fully 
$2,000,000. Anitem of $25,000 for salvaging the present 
roadbed has been included in this estimate. There is 
also included an item of $75,000 for the construction 
of a secondary road from Creede along the left side of 
the reservoir to give access to points now reached from 
the bottom of the basin. 

Dl,erllli.on Dmml Con1111U11etlon 

It ill estimated that river diversion and unwe.tering 
of foundations will cost a.bout $100,000. River di
version during construction ca.n be handled in two 
wa.ys--a 12-foot die.meter unlined horseshoe tunnel 
l 1000 feet long can be driven through the rook under the 
right a.butment of the dam; or inlet and outlet flumes 
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558 Rio Grande Joint lnr-estigotion 

TABLE 17.-H'ogim Wheel Gap Dam preliminary utimate, Aug. 1, 19S7 

'::011mt.e arch: Top or dam, lllentio11 8,780; spillv:ay enist, elevation 8,Ti3; normal wal.er sml,t.oe, lllevatioo, 8,773; muimum beigbt of daD:, 430 feet; dra.,·ing no. 2.5."l· D-;sJ 

[Bton,e eapaclt:,, 1,000,000acn-feet; spillway capacity, l0,000111DOODd·feet; requ!Nld outlet ca;:aclty, S,000 second-feet; at ele~ation 8,.r.12 (50,000 acre-lee!)] 

ltlVElt WORE 

Di'n!:1'&.ion, and u11water:i.Dg foundations ..... - .••••• ---········· 

&.U:.TB'll'OBK 
Excna!lon, common: 

Dam loundaUon ...••••...• --------······--·----- ·----, .... 
Bpllhrar--·----·· ----. --- --· _ .... -·----. _ -· -· ••............ 

Excau!lon, rock: · Dam louodatioi, _________________________ ------·· ......... . 
Spilloa-ay ---------·· ••••••••. ___ ------·· .. ____ ....... ____ ·-· 

Embanbnent: Backfill about structures ...... ____________ ._ •• _ 

!ll!Ot:TING .. um Dl!AllU!lE 
Drlll!Dg: 

Grout bole~ DOt over 2S feet deep •. _ ...... __ .. ,. ...... __ . __ _ 
Grout hole~ 25 to SO feel deep,.····-·-·---- .. ----·----·-- .. 
Grout holes 50to 100 lttt deep ............................ . 
Orout boles o"er JOO feet dttp ....... ··--·-- ____ ........... . 
Drain boles ______ ·······----------------·· __ -----·--·-··--· 

Pn:ssure 11Touting: 
Foundation ...................... ________ ......... ----------
Cootn,ctioDJoiots .. ···----·--·····------------ ........... . Drain tile: 5-inch porous-eoucrete drain tile ___________________ _ 

COP.CRETE -..,ORK 
Co:ietttr· . • 

Dar:. ................................... ---· ----· ......• 
l"ara1JEtS ana curo: ........... _________ ... : ............... . 
~i:"~!.cts----·-···--· .. ····--------····-·--······--·-··--
~~l:~ :cs~~~~:::::::::::::::::::::::::::::::::::::: 
'h-a!nlnc walls, spillway .. -----·-········-----------------· 8:::, ~fi!l:i.~~~l:~~~:::::::: :: :::: ::: : :: : : : ::::::::::: :: :: 
Special conerete lln!sbing. _ ------------ .•...• ____ ......... . 

Xl'U,LW'OBK 
I.I: Tra!b rack _________ ••••••.. ________ . ___ . ___ •.••.. _ .. ___ .. __ 

Relnforoement bats •••••••. ---·--------···-······------·-·· 
Grout and water stops •.••••••••• _. ________ ----··-···------
Bul.11:bead iates, !tames, at1d guides _____________ .......... . 
Ontret conduits ...................... _ .. _ •.. _ ............. . 
4 G6-i11cb needle uh·es and operating mechanism.······---

ba;s!::-?:~::::::::::::::::::: =::::: ::::====: 
Pipe r.nd fittings for foundation ,rontln~--- ------------···· 
Pipe lllld fittings for oontractioD Jolut 11TOUtin2. ___ ........ . 
Rmst ••••••• _ •••• -•...•..••.•.•.. --------- -.•.•••••. --- ... . 

Xll!CIILU,Nl!OT'S ITIIIIS 
Items: 

QlllUlt!ty 

AmDWII 

(1) 

18:i. OOl1 
9,000 

221,000 
6,000 
',000 

500 
6,000 

I t.:100 
18,800 
12,200 

45,000 
~300 

24. 000 

re.:. 5fj;j 

400 
I, 000 
3.150 

700 
6, liOO 

100 
400 

(') 
2,500 

125,000 
600,000 

Ul, 600 
35,000 

370,000 
Zt,000 
824,000 

2,000 
41,000 
711,000 

H0,000 
(') 

Unit 

C"ubic yard ........ 
Cubic yard ........ 

Cubie yard ........ 
Cubir yard .. -----· 
Cubic )'ard .• ------

Lh1tar foot.. .. ----
Linear foot. .• -----
Linear root. ••. _ ... 
Linear foot ........ 
Llu1!8r loot. __ ..... 

C'uhic loot _______ . 
Cubic foo1 _______ 
Linear loot ..• ----· 

~urw- :,src..~---·---
Cubic yard ....... . 
Cubi~ yard-------
Cubic yard ... ,. ... 
Cubic yard _______ _ 
Cubk}ard ...... .. 
Cu hie yard ....... . 
Cuhlr yard .... _ ... 

Square yard ..... _. 

Pouod .......... .. 
POUlld ....... ----. 
Lioear foot. ...... . 
Pound .......... .. 
POU.lid.-------···· 
Pound .......... --
POUlld ........... . 
Ponnd ....... --- .. 
Pound_ .......... . 
Pound _______ --- .. 
Pound ...... " ..... 

Material and labor fur· Material furnished h;y 
nls.bed by tbe contractor tile Oo~ero.ment Summary 

Unit cost Total cost Unit cost Total cost "l"llll cost Total cost 

(') 

11.00 
l.:lb 

3.00 
3.r.o 
• 75 

1.00 
2. Oil 
2. 50 
s.oo 
2 • .00 

l.00 
2. 00 
.00 

~· '1: 

18.00 
,.oo 

12. 00 
20. 00 

5. ;5 
7.25 
5. 75 

(') 
.00 

(1) 

.015 

.02 
. 2.~ 
.Ol5 
.025 
.025 
.025 
.10 
.10 
.05 
.10 

SJ00,000 .......... « ............ . 

185,000 
11,250 

663,000 
21,000 
3,000 

l50() 
12. 000 
28,000 
M,400 
30,500 

45. 000 
10,600 
14,400 

~S77.1',7f 
7,200 
6,400 

37,800 
M,000 
37,375 
l, 100 
2,300 

100.000 
1,500 

1.875 
JO.COO 
4,125 

525 
Q,250 
6, M'.I 
8,100 

200 
4,100 
3, 9.IO 

H,000 
3,000 

fLOO 
1.3~ .0, 

4,00 
3. 25 
4. 00 
4.00 
3. i5 
3. 75 
3. 75 

.06 

.03 
.40 
.oo 
.0.5 
. 2ti 
• 21 
.JO 
• IO 
.07 
.10 

-.. -~.,,..,~ ...... -. 

$45,000 
7,lM 
l, 680 

21577. 87: 
l. OO(i 

5,200 
12, MIO 

2,BOO 
24,375 

000 
1,500 

7,500 
l~.000 
6. li(I() 
3.150 

27. 750 
64. 680 
68,0IO 

200 
4, lOO 
5,~: 

H,000' 
-~ m mmm _,,__,..,., • 

(1) 

Jl.!:O 
1.25 

3.00 
3.50 
. 75 

1.00 
2.00 
2 .. "'1 
3.00 
2.50 

2. 00 
3. 35 .c. 

f- .• ~ 
22. 0(1 
7.25 

16.00 
24. 00 
9.50 

ll.00 
9.50 

(') 
.oo 

.0,5 
.o.~ 
.6; 
. !05 
.10 I .z; 
,235 I 
.20 I 

.20 I 

.12 

.20 
(1) 

$100,000 

l~.~- OOII 
ll, 2.',0 

663,000 
21. 000 
3,000 

l500 
12,000 
:is. 000 
56.400 
30, 1500 

il0,000 
r;, ;55 
16,080 

t, 75:,. ';,') 
b, 800 

ll, 600 
50, ,oo 
16,SOO 
61, ';!,() 
1, ,60 
3, I,()() 

100. 000 
1,500 

01t.etender'sbouse._. _________________________ .......... _. (J) .................... (1) 3..000 ····-···--·· ·-------···· (1) 3,IIOO 
CltldlrJni raervo!r ------ ·----- ------ ..... _ •• .... .. .. .. •. .• .. 300 Acre ........... ___ 25. 00 7, 5()1) ········- ......... -'·--. 25. 00 ,, l500 
G»electric ienetlltor ~I and eijulpmeot ........... ________ (1) --·······-----·-···- (') 400 (') 1,600 (1) ~000 
CmistructlOD camp .............. ______________ •• __________ (') ---------------·--·· (1) ------------ (1) 60,000 (I) M,000 
Bigbway reloeatlon (21 milesl---·-··-------·--··. .......... (1) ·-----------···· .... (') e92, 2.2 ('l 68, 7~1 ('l ?61,013 
Rjgbt-<if•way •••• __________ ••••••• _________ ......... _______ 7,Mi Aere .. _ ........... --··----·--- ............ 50.00 3Tl,3SO 50.00 37i,3.50 
Rl&bt-ot-w11y(schoolland) •••••• - .............. ---·-------· n Acre ........... - •. ····--~----------------- ll0.00 6,000 30.00 6,000 

=,im~~tiiffriiiies:::::::::::::::::::::::::::::::: (') 20 Mlle ______________ ---------------··------- l,~.00 ~'.~ l,s&;.oo ~:~ 
Removal ofUnited States fish batcll«)• .... ____ ..••.••••••. (IJ (') l!O. 000 (') 50,000 
Bulldlnl! secondarnoad ..... ----------------------···----- 15 Mlle ......... ----· 4,000.00 80,000 I, 000. 00 15.ClOO 5,000.00 7S, aoo 
Salvqlng 111ilroad (gm!Jes) .......... ______________________ (1) ····---------------- -··········· ·····--·-··- (1) 25,000 (') 25,aoo 

.SUbtclal ... ______________ .•••. _____________ ............................ -·-···············-- -·---------- 5,005,157 ............ 4,000,716 ----······-- ~. 125. 8,3 
CmJtl.u&encies, 15 l)erlll!Dt. •••••• _______________ ...... ______ ·········----- ·-·······--···-···-- ···--------- ........................ --·······--· ···- ........ 

1 
l,:IU,l!Sl 

§i~~~i?;;:=::+::rn+ ;;::}::::;;; :::::::=mm¥:== =mm+ =::::==:==:: :::::::=:::: :::::::::::1_1I_t_~1_1_?_I_?_:1.,.1 __ 

1

_

0

-_i_i_1

000

_~-~ 

~~===.·-··········---·-·----·:-......... -············- ····--·-------·--'"- ------------ ----···----· __________ :: :: ___ ·--··--1--------·---! 11,llO~i~~ 
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'Water Importation and Storage 

connecting with a conduit placed in the base of the 
dum cun be used for the diversion of stream flow. 
Either installation will cost appro:idmately the same, 
i. e., $50,000. The sum of $25,000 is included for 
plugging the tunnel or conduit system, and pumpmg 
and unwatering of foundations was estimated at $25,000. 
It will be necessary to coordinate rh·er diversion with 
the construction schedule. 

Construction Schedule 

It will require approximately 3 years to complete 
this darn. The first year would see construction of tbc 
river diversion system and the major portion of the darn 
e."Ccavo.tion. Construction of the rnnin dam can be 
started early in the beginning of the second year. The 
spillway excavation nnd concrete structure can nlso be 
completed in thnt yenr. In the third year, concrete 
pouring, :finishing work on the structures, and in;;talla
tion of the outlet gates and valves can be completed. 

Power Development 

Pro-,-isiom wil) b1.." .ma.de fo, c fut.ur':? p_ov.·~, i,..'1~tullr,. 
tion oy placing tv.'"c, 19-foot diamete~ tunnels lC!oseci 
with plugs) through the dam for a later installation of 
two 13-foot diameter penstocks, and guides for future 
tractor gates and trash racks will be constructed on 
the face of the dam. No power items, other than 
those necessary for present construction, were included 
in this estimate. 

The period 1911 to 1933, inclusive, was used in mak
ing the study of possible power production at Wagon 
Wheel Gap Reservoir. 

The operation schedule for the reservoir was obtained 
from a study made by R. J. Tipton, consulting engineer 
for San Luis Valley interests. Mr. Tipton's schedule 
was for all the reservoirs on the Rio Grande above 
Wagon Wheel Gap. For this study his results have 
been modified to the extent that the capacity of Wagon 
Wheel Gap Reservoir alone has been used, assuming 
that the 150,000 a.ere-feet of storage capacity upstream 
would be ideally operated to regulate inflow to Wagon 
Wheel Gap Reservoir. 

The power installation proposed consists of two 
25,000-kilowatt generators with penstoeks of 3,000-
second-foot capacity at rated bead of 250 fe.et. All 
irrigation releases and spills were assumed to be availa
ble for power generation up to the penstock cape.city. 
As the lowest head to be encountered during the 
period covered by the study was in excess of 250 feet, 
& constant over-all efficiency was assumed for the 
power installation of 80 percent. At lower heads this 
efficiency could not be realized, but no modi:fiea.tion 
was necessary for this study. 

No correction for evaporation was made in this 
study, u. allowance for evaporation from Wagon 
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Wheel Gap Reservoir was me.de by Mr. Tipton in the 
gross demand upon the reservoir. 

The reservoir releases nnd spills given in Mr. Tipton's 
tabulations have been used directly, except that the 
November-March period used in Mr. Tipton's study 
was broken down into months in this study whenever 
there were releases from the reservoir. The apparent 
discrepancies in power produced by the releases usable 
for power in the summary table are due to this break
down into monthly values. 

Table 18 is a summary of the detailed study of 
possible power production at W a.gon Wheel Gap Reser
voir. The study was carried through September of 
1933, as that was as for as Mr. Tipton's study was 
based upon recorded discharge. 

Power produced must be considered as secondary 
power only since the plo.nt, as a rule, can only be 
operated during the irrigation season. 

.At an estimated cost of $54 per kilowatt of installed 
capacity, the total cost of power installation at the 
dam will be $2,700,000. 

Powe: Ma.rl,;'e; .. · 

.A study of the trend of population growth in the San 
Luis Valley indicates a. population of nbout 50,000 in 
1950. At present, per-capita consumption of power 
probably does not exceed 500 kilowatt-hours annually. 
Very few of the farms are electrilied. Development of 
power at Wagon Wheel Gap may make feasible the 
operation of numerous pumping plants in the valley 
designed to recover a part of the great amount of water 
now stored beneath the valley floor. For such a load 
the plant at Wagon Wheel Gap is ideally fitted. It 
may also have some value for use as a peak-load plant 
when operated in conjunction with existing power 
pla.nts. A market for the entire output of the plo.nt 
within the immedinte future is not now in prospect. 

Flood DIIIIDaS:e 

Flood damage on the Rio Grande in Colorado be
tween Creede and Alamosa has been limited. Occa
sionally the head gates and diversion dams of some of 
the ca.nals have been damaged and prolonged high 
water in the river at Alamosa has raised the ground 
waters beneath that city high enough to flood cellars 
and overload the sewage system. 

Below .Alamosa, the flooding of larger areas of farm 
land near the mouth of La Jara Creek and the Conejos 
River has occurred frequently but the resulting benefits 
to meadows and pastures have sometimes been as great 
as the damage to other areas. 

The construction of Wagon Wheel Gap Reservoir 
cannot be expected to alleviate flood conditions to any 
great extent unless a considerable a.mount of its cape.city 
is set aside for :flood regule.tion alone. 

CO- 003509 

TX_MSJ_000589



Rio Graru:le Joint, Inve11tigaiion 

! 
~ 

! 
" " " .. 

! 
" 0 
n .. 
~ 
D ., 
0 

! Ill .. ... 
;;; 

g t 
:J: ~ 

Q 
D ,.. 
" "' q: ,n 

.... 
I J~-. ;" 
' [" ::_ .. ,.. 

\ 
\ 

u 

i Iii 
VI 

I 
\ 

' I 
~ 

' 

u .., 
" ... ... 0 I!) j 

0 "' 
.J i 

~ 
0 
~ :.. 
I:) 

,\ 
\' 

"' C 

~ 

r- f- -·i 0.. ~ 

~ : ! 

·, ,~ 
B' ' 
~ .. 0 :; .. • . 

.. 

01.,i,Ait\TMUIT OP TH• tN'rl'IIIIOA 

8U,.,I.Aii OP' IIZ(V!iMATION 

§ 

~ 

i 

§ 

.. 

AIO -~JIIUIICUE .JOINT INVl!'STleATION 

VEGA SYLVESTRE RESERVOIR 

CO- 003510 

TX_MSJ_000590



H1ater lmpnrtalion and Storage 561 

TABLE 18.-Summary of power productwn at Wagon Whul Gap with 150,000 acre-feet of upatream atora.ge 

Tcmpply 
lrrla:won 
dml&ndl 

Surplus alter 
reservoir!a 

full• 
ToJ.al 

Usable for 
l>OWilil'a:eoei'• 

Btlou 
Waste 

Meannser· 
voir contents 

for year In 
1,000IMn-

feet 

p.,.,..e, output io l,000,000 
ll:l lowatt•bours 

h' 1,000 
•m-leet Total 
nlease 

0 1176 0.2'1'0 lllll 11 1910._. _____ •••.•••• --.-----·········--·-----··············-- 432 15113 
lllll ............. _ ............................... _.......... ffl 809 

131 1183 
230 601! 0 1,003 .m )311. 0 

11112 .•••••.••• ·---. ······-········-· •• ---· •••••• ••• . .. •••••• - 810 229 1127 17 1,003 .272 174. 2 
UH3 .... __ .................................................. 4111 437 18 437 0 WO .:171 118. 4 
11114 ........................................ '............... 413 477 67 480 3 1,003 .:m 1211. 7 
11115 ............ ----·····-·-·-·-------------················ 42.'5 477 112 477 0 1,003 .:m 1211. 7 
11116 ....... _._.,----·---·······--------------·······-····--· 310 515 205 Jll5 0 1,003 .272 134. I 
1917 ....... _._ ......................................... _.... 316 626 382 - 72 1,000 .m HII.O 
1111s ____ ····--------·-···-·-----·-·--·---·----------·· ·----- 437 437 0 437 0 1168 . :m 118. 6 
JG!Q .... --------------·-----·------------------------------- :l53 4'5 32 415 0 1,003 0 271 112.g 
192tL .• --.-------····--··--·--·-----·----------------------- 271 M2 345 618 ll4 1,000 .272 WI. J 
11121 ................ ·----·---····---·--·-············--·---- ll3J eoo 38:! 7H 105 1,000 • 272 157. 11 
U122 ............ ------------·---··------·-·------·-------·-- 27~ 004 347 ~ 18 l,003 .272 173. 2 
1823 ........ ------. -----·- -- ... ·•·•• ...•.. -·------ -- ----- _ -- 322 467 145 46i 0 l,003 • 272 1:17. I 
lffl .......... --------------··------------·------·--····---- 364 !fH 230 1!94 0 W5 .271 ]61.4 
11125 ---·-------------····--------------------·····--------- 387 187 0 387 0 1,003 . :m JOS. 3 
1ne .......... -----·-···---------·-······--·········-·------ m 415 22 415 0 I, 000 .m 112. 7 
11121 ________ ....................... _ ................... _____ 293 IW3 200 6'3 0 l,003 • 272 137. 2 
lffl-------·-·------------------------·---·-··------····---- ffl 4112 97 4112 0 991 .:m 144.0 
11129.-----··----·----------------·-·-·····--··---------·---· 281 1142 1111 ffl 0 l,003 .272 113. fi 
llliilO ••••• _____ ,_ ............... _. ____________________ ····-·· ft() ~ 0 ffl) 0 964 .270 131.3 
11101. ____ ....... ····---·------·--·--·--·--···-·····---·--··· 512 Jll2 0 51~ 0 ?\12 .250 130. 5 
1032. ___ ·-------·---···--· --·-·--··-·--·---·----------··---- 248 248 0 24B 0 907 .263 65. I 
111'.33 J. ··---·------···--····--·-·------·-·------------·----- 434 434 0 04 0 8111 ,261 ll3.8 

2711 I 23.659 ................................. 3.1711. 7 Tcta.L.--······-·····-----·-·········-···-···-·-·-··-1---8,-7-48-1-----!--~-+---1-1,-755-1·----:-----l-----1----3.286 12,034 
M111111 ...... - ·----··-·-··-··-- .......... ··- ••••••••••• 164. 5 '89. 8 136. ii liOL, 11.6 118L6 ,270 132. 5 

1 Rei- nquired to make up total dmlllld at 0.1 Norte of 000,003 acre.feet. 
1 R&leased tlmlllgh turbines 1111d ll38ble !or power. 
i J&.nus..;. tv Sl!pw.noo:, inclusive. onl,·. 

b~ on nGervotr ope111tlon stutir n, ,.: J. T,pto;.. ·. · 

Vega Sylvester Reservoir 

Summary of data: 
Storage capacity •• ·-·-··---·-···-· 240,000 acre-feet. 
Spillway capacity. ___ ............ _ 15,000 aeeond-feet. 
Regulated Outlet capacity at 45-foot 5,000 second-feet. 

head. 
Top of dam, eleva.tion _____________ S,970. 

Maximum water surface, elevation .. S,962. 
Height of dam above stream bed .••• 125 feet. 
Total eatimated cost, dam and reser- 14,825,879 maximum. 

voir. 
Reservoir topography and geologic Fig. 143. 

aectlon. 
General plan and sections __________ Fig. 144. 
Preliminary estimate ...••.• ----·-- Table 19. 

General 

The Vega Sylvester Reservoir is generally oonsid· 
ered an alternative for the Wagon Wheel Gap Reservoir 
which, although not so effective in control of the Rio 
Grande, would provide a large measure of storage 
control at much less cost than the Wagon Wheel Gap 
Reservoir. It is about. 17 miles above that site, also 
on the main stream, but with several important tribu
taries entering between. The drainage area is 530 
square miles, mostly at high altitudes. San Luis 
Valley interests had tentatively decided upon a storage 
capacity of 240,000 a.cre--f eet as best suited to valley 
needs and the designs submitted are for that capacity. 
The Bureau of Reclamation, in accordance with the 
program of work for this investigation, has not made a 

study of waters storable nor of the possible utilization 
of storage releases. 

The proposed dam is located about 11 miles southwest 
of Creede, Colo., the nea.rest railroad point, in 
Mineral County, Colo. Colorado State Highway No. 
149 from Creede to Lake City passes through portions of 
the reservoir. .Approximately 7 miles of this highway 
would have to be reconstructed and a small mileage of 
secondary roads would also be affected. 

The State engineer furnished maps of the reservoir 
and dn.m. site, together with logs of several holes here
tofore drilled. 

Much of the basin is a mountain meadow used for 
pasture and wild hay, but its chief value is for recrea~ 
tional and fishing purposes. 

Geoloa 

The dam for Vega. Sylvester Reservoir is only about 
4 miles above the flow line of Wagon Wheel Gap 
Reservoir. Regional geology as described for that area. 
is equ.illy applicable to this with the exception that the 
only extrusive formation found in the basin itself is the 
earliest Conejos andesite, and the later Creede alluvium. 
Subsequent to the deposition of the Creede formation, 
Wisconsin glaciers occupied the new valley and de
posited large quantities of loose detritus in the form of 
moraines a.nd outwash. Continued recent erosion has 
somewhat modified these deposits, forming terraces in 
the outwash and channels across the moraines. 
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Water lmporlalion and Sf.orage 

The basin is a normal erosional feature, ca.rved·from 
a rather complex but ordinarily impervious rock com
plex. (Conejos andesite, Creede siltstones.) The hori
zonto.1 Creede siltstones are heavily mantled with river 
gravels and with glacial terrace gravels, largely de.: 
·rived from moraine and other glacial debris. .All these 
detrital materials are extremely porous a.nd unconsoli
dated1 so that considerable ground storage can be 
expected. 

There is no reason to suspect an unsatisfactory reser
voir be.sin above the dam site. Normal spring and seep 
occurrences indicate a water table tributary to the river 
with remote chance for an inclined or perched condition. 

The an('estral Rio Gre.nde Valley was carved from 
substantially horizontal volcanic flows. The Creede 
sedimente.ries were likewise deposited essentially hori
zontal. 

It is known that considt>ra.ble faulting crosses the 
valley at approximately right angles to the river, below 
and possibly above the dam site. Effects of these 
movements e.re undoubtedly reflected in the fractured 
and displaced state of sections of the left abutment 
aridesite. O.c th~ wnolE, the cemri 1:nrit i~ horizontal. 
but detailed work will be required to interpret local 
irregularities. 

Although the block faulting is believed to have 
occurred after Creede deposition, it is doubtful whether 
this will have any detrimental effect on its impervious 
character, especially as the fault zones do not follow the 
river but cut obliquely across. 

The Creede tuft's, ashes, shales, sandstones, and con
glomerates a.re abundantly exposed below the dam site. 
In general, toward the center of the valley the deposits 

. are sbaJy, well stratified and apparently part of a lake 
deposit. Marginal f acies are sometimes sandstone or 
even conglomerate. Numerous travertine or hot 
spring deposits a.re found, one of which outcrops shortly 
above the darn site. The Creede sedimenta.ries when 
ever encountered can be considered adequately 
impervious and competent. 

The rock forming the left abutment is believed to be 
the so-called "Conejos" e.ndesite of the Tertiary vol
canic series. It is a dark, fine-grained flow rock with 
visible crystals of fe.Jdspar, biotite, and pyroxene. In 
areas, it is somewhat porphyritic. It is uniformly hard 
but is somewhat fractured; the latter condition is some
times e.ooentuated in shea.r zones. This flow is one of 
the oldest members of a long series of extrusives. 

On the extreme left, the saddle across which the Lake 
City, Creede road passes must serve a.a a natural dam. 
This depression is filled by e. pamllel series of lateral or 
termmal moraines which rise to such a. height a.a to re
quire the addition of only low additional dikes. The 
moraines are sim.ila.r to those on the right abutment. A 
pit exposed a heterogeneous assemblage of poorly com-
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pacted boulders, cobbles, gravel, and sand. The ma
terial caved and raveled easily, necessitating careful 
timbering. In all probability it is quite porous. It is 
said that when irrigation occurs on the neighboring 
fie.ts, ponds form in several of the lower glacial de
pressions. The depth t-0 a cut-off is unknown and either 
Creede siltstone or e.ndesite may form the underlying 
basement. The valley floor downstream from these 
moraines is fiat and in e.11 probability is heavily mantled 
with loose porous terrace gravels topped by a thin 
veneer of soil. 

On the right abutment, rock is so deep that it can-
not practicably be reached with a cut-off. Support 
and impervious properties must rely upon the character 
of the glacial moraine which is composed of assemblages 
of unstratified boulders, cobbles, gravel, sand, and 
minor silt. A test pit penetrating the right abutment 
material indicated a moderately firm deposit for the . 
first 25 feet with o. gradationa.l change into looser, 
porous gravels to a depth of 100 feet. Continued with 
a drill hole, the same material was encountered to 200 
feet. Water was encountered at 97 feet, or 13 feet 
abovE tn~ rive: . f_ characte!isti~. trn.Ic da:7-sili coatinf,, 
is found covering the cobbles and pebbles, a ieature not 
found in the terrace and river gravels. These mora.i.nal 
deposits are remarkably uniform in character both 
horizontally and vertically. Lensed structures are 
genera.lly lacking and ii it were not for the surface 
topographic .expressions, identification would be diffi. 
cult. As a rule, moraine material is somewhat compact _ 
and relatively impermeable but these deposits a.re 
different. It is evident that they a.re very porous, 
only slightly better than loose river gravels. With a 
4-foot depth of water in pit no. 2t the continuous out
flow WB.S 33 gallons per minute. 

The terrace gravels are believed to be largely derived 
from glacial detritus u the stream reworked these 
deposits and spread them out as stratified river gravels. 
In this process much of any original silt content was 
lostt but large boulders were not moved oo that the 
resulting deposits are extremely loose and porous: 
Pit no. ·1 in this gravel would not stand unsupported for 
more than 3 feet. At 15 feet, the hole had to be aban
doned. These gravels are now found above the present 
stream bed as terr&ce fiats and remnants. 

In the river bed, loose porous gra. vels will be encoun
tered for at least 100 feet beneath the river and may 
continue to 150 or 200 feet. Drilling prior to th.at by 
the Bureau suggested that the clay content becomes 
predominant with depth. This conclusion is not home 
out by the Bureau's examination and must be dis
counted until justified by the results of further drilling. 
Neither drill hole no. 1 nor no. 2 shows any evidence 
of this condition, although it must be recognized that 
their positions a.re not ideally located for this determi 
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564 Rio (}rand~ Joint b1restigalio11 

TABLE 19.-Ve,a-Syl-ti·t Dam, preliminary utimate, plan A, Deeember 19!16 

INonnal 1ntar sur!a.ce emai!on, 11,1162; splllway capadty, 16,000 cubic foot-nds; ouUet ca"P8dt1, 6,000 cubic root1e00Dd!; storage capacity. :z«J,llllll aCTe·fetlJ 

!Type: li:uth fill; top o! dam, •levatlon 8,970; spillway crest, elevation 8,1145; maximum beipt, llll) teat) 

Item 
Quantity MIIU!rlal llllil labor IW'- Maurlsl runll.sbed hy 

111.'!heri by the OODtnctor \Ile Cl overnment Summary 

A.mOUllt Vnlt Unit CC111t Total oost Unit eost Total cost UDlt wst Total cost 

5 
Ii 
7 

8 

10 

11 
12 
12 
14 
15 
111 

17 

18 

D!Ylll'Slcm NJd Cini of rl'l'lll' dlll'ini conslmction and un-
wawina: rronclatlom ......... ·····-·--·········· ... -·--- -

Exoavatlon, lltrippln& borrow plt.s ..••••••••••.•..•••••• ___ _ 
Ena\•ation, OODllllOll, m-lpplng for embankment.. .... ____ _ 
lh:cantlon, cmmnon, for sp!llw&:f a.nd ror tUlUlel lnl8t md 

oul.Jet ................... ···-·- ••••••••••••••••••••••• ___ _ 
Ih:oavat!on, rodi: ror spillway 111:1d for tlllll:lel Inlet and ontlt!t. 
E:rcavation all cl- In outlet turuiel and elevator shaft .•.• 
Excavation, common. for embankment !Ge dralm and for 

w.t-off trenches ...... ··--················-····----········ Eic.vat.Jon, rock, ror cut-o!r wall rootllllS and for embllllk-
ment we dnum ... - ......... - •• - ........................ . 

E:rmvatlon, common, In borrow pits 11:ld transportation to 
emballk:ma.nts •• -··· ........................... _ ·------ ••• 

Excavation, rock, ID borrow plts Nld Ullnsportatlon to 
emb&nkmant.s-..••••• - ••••••......•••• - - -•.... ··•·•···· .. 

Backllll. ···--•·········· ••.•.. ···- •••••..•........ ··-------
Earth :Ill! in emb&Dments ................................ . 
Rock :Ill! on downstream alope ol emban.li:ments ........... . 
Riprap on u~ alope or embaw.mants .........•.•••.•. 
Dumped r1pnp in spillway clwmel.. ..................... . 

eo.~::ffofi~~~~~i:8;:vl~~.~~~~~'.~~.~~:-
Constructwg &-Inch dlame!M aewer-pipe drains, wltb un

Gellli!Dted JolnU, emi.dded in 1!111ffl ...... -•..........•.. 
Comt.ructing &-Inch diameter sewm-pl1J4! drains, witb un-

.8.k 000 Cubic yard .... 
300,000 Cub!o yard •... 

I~ 000 Cubic ya.rd._ .• 
:Nl, 000 Cubic yard .... 
215,000 Cubic yard •... 

230, 000 Cubic yard .... 

lla() Cubic yard ___ _ 

6,050,000 Cubic y11d .... 

12,000 
20,000 

4,600,000 
300,000 

QO,OOJ 
2,000 

Cubie yard •••. 
Cubic ya.rd .••. 
Cubie yard.-•. 
Cub!eyud .... 
Cubie yard •••. 
Cubie yard __ .. 

l,llOO Lineu foot .• __ 

6, :lO() Linear foot __ .. 

80.30 
.30 

. IIO 
1.00 
8.00 

.ti 

/i.00 

. 25 

.76 

.50 

.10 
• 30 
.50 

1.00 

. 70 

.GO 

$20,000 
711,000 

lOS,000 

f7, 400 
241,000 
208,000 

67,15(1(l 

8,000 
10,000 

f,l,0,000 
IIO, 000 
411,000 

2,000 

1, 120 IIIO. 70 81, 120 

a, 120 .eo 3,720 

400 • .00 400 

81).30 
, II() 

.30 
1.00 
8.0U 

.25 

6. 00 

.25 

, 75 
.50 
.10 
.3() 
.50 

1.00 

1.40 

1.20 

eemented lolllt.s, embedded ln ,:ravel ................... .. 
l9 Drilllll!l weep boles-•• ··--···---------·--··············-----

000 Linear foot .••• 
I, 000 Linear foot .. _. 

20, 00(1 , L!ne~c loo: .••. 

.50 
LOO 
tOC 

1,000 -- .. ----- --· ........... . 
I. 00 
1.00 
l 00 ~ 

1 
Drill in: irrout hol«: no, mora tblu: 25 le.lt dee;:., •.. __ ,. ... 

2! Drilli.nr grou: bole.' m~·· tll&D 25 Ifie: a-: B.!lC cc:· :!lo•, · 

22 · n~flifne00 ~:'.;ia~fes-ii.iin.ttiiiiiKireei'cieei;i.ii,fnoi.mor11· 
mare tban 100 lt!et dteP----··········--·-------------·-·· 

lmta.llln,; groot pipe ud tlttillp .......................... . 
Pno,aum grouting .. _····--·----·-·· ................... -·---

~b1~~~~~c:ri~ ~-~-~~.':~.~:I~-~~.~~~==:: 
Cm:icrete In t1"'111·r!ld: lltnleture and tramltlon_. ·-···---- .. 
~j1) twmel Jlnjq ...................... -••••..•.••.. 
Concnite ln pt.e cllamoo and •vat.or ab&/t .••.• ·---------
Cow::rete in ffoon ofspillway and outlet works chanuel .... _ 
Concrete m 1plll111>11y a.nd outlet works channel, ncept 

tloorL--····· -... ------ ---·· .. ·-· ..... -. ------ --------· ... 
Oolli:nte In outlet worbopmatwi.1s houae.·--····--········· ~e:te~~11Zf::.-.~ _____ ::::::::::::::::::::::::: 
Jmta.!11ng metal NaliDJ miPB--·---·····---···-------······ 
Jl'm'uJgl)lng and ll:!stalllng •i.eel tw:mel-llr,er p~ end 

lilJ;lponll •• -···· ••••••••• ···-· ••• -···· -·········· •• -· ·----

~~~ ~::::i:uti:1fus-liome:·eicierit·ooii_. 
mete .• -- ••••••.• ------ ••••••• -------- ---------- -- •••••••• 

IDSt&lllng tns.b-nclc 1:1111talwctk- •••••.•• -~---··- ···-····--· 

50.J Lmear too·.: •.. I 

l,OOJ 
7. 000 

22. 000 
J, 000 

300 
470 

(,600 
Ii, mo 
3,450 

Llnar loot. __ _ 
Pound ....... . 
011.bldoot .. .. 
Liulll'lt foot .••• 
Coble yud. •.• 
Cubie yud •••. 
Cublcyud .... 
Cubic Wd •••• 
Cubic yard .• __ 

4. 800 Cubic Yll!'d .••. 
330 Cubic yerd .. -.

1 1, aoo Coble yard. .. . 
2, llOO, 000 Poun!S ........ j 

1, i!OO Linear loot .•.. 

100,000 Pow:i~ •••••••• 
11,IIOO IIQDIIH yazd ••. 

(1) 

t 75 

2.50 
.10 

J.00 
l.00 

12.00 
17.150 
li.00 
U.00 
10.00 

12. 00 
20.00 
14.00 

.025 

.ao 

.10 

.IIO 

HO, 000 Pound ••. ___ •. • 00 
lmtal!lnl! hl&h-presmire bydrmlically ol)llral,ed allde ptes 

and met&l cxmdult llnlngs ........ ---··-·-·-···---·----··· :r.ao,ooo Pow:id .• _ .... . .m 

::II0.000 : ............. , •• _ ....... . 

875 •••••••••••• •••••••••••• 

10,000 
4, 14-0 

9,IIOO 

····- . 10 ..... 700 
. eo 13,200 
• .00 600 

7.00 1,400 
7.60 8,52.'I 
7,00 31,WO 
7. 60 fl, 250 
1.00 :u. uo 
?.00 
7.60 
7.00 

.005 
,JO 

.07 

.12 

30,100 
2,475 
11,750 

'l'l,000 
450 

2.50 
.20 

1.00 
l.liO 

19. IIO 
25.00 
:.i.oo 
22. !50 
17.00 

19.00 
%7. l50 
21.60 

.00 

.CIO 

'lO 
,6(1 

.lO 

, 15 
lnllt&ll!ng high-ptmsDTII bydraullca!Jy Op,ent.ed ring• 

foll01i'er pies and metal CODdult linings.................. IIMl,OOJ POWld........ .OI 13,lltO .15 51,900 .19 
Imtall!ng coutrohPPIJ'tU.S far hle:b·pnmure ptel!I •• -...... 12,000 Poand ..... -,. .10 l,llOO .~ 4,2(10 .45 
IJllt.allulg Mllldle valves .••••••••••••• ___ ................... 158,400 Pound........ .04 14, '136 .23 1114, '/32 .21 
Imt.llllilll!: r-adi41 p.teund o~ mecbl.nlsms........... '111,000 PODnd._...... .m 2,JOO , 10 7,000 .13 == =· tn~d-b~::::::::::::::::::::::::: (lJo.ooo POU!ld........ .CH 2,400 .20 ~= .2'1 

el~ ~t~~~~;=~~~~~~~~~~~~~~~~~ ~= J~t~~~~~~ _____ JL ~i ..... JL ;m ..... _._:_~_ 
C011Stmettcm camp snd per1IW.lllllt balldln1s.. •.......... _. B! -·-·--------···· ............ ··-········· ............ i!0,000 •••••••..... 

Subtotals ............................................ ··············--···················---···· 3,000,906 ·······-···· 522,722 ........... . 
Contln&mlclm. 16 J)lfClellt. ··--·············-·-------··----· •••••••••• .............. -..... --······ •••• ----······-- ·-······-- ......... ·-·-· ........... . 

Total mtimal.ed aomtruetlon fteld cmt.s •••••••••••... ----------··-- ............................ --····-·-·-· .............. ·····----- ·-······----
ln'1lllilclltloD 111d sw-ve:,s (estimated to dl.te) .............. ---·--··----·· .............. -· -·····----·· ............ --------···· ·······-···· ........... . ~== ~~~~~~~~::::::::::::::::: :::::::::::::: :::::::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::::::::: :::::::::::: 

Total~ CC1t ••••••• --·----·-····--·---------- ··------·-···· ................ --·--·-···-- ........................ --·····-·-·- ••••····•••• 
:1~·iiid·.::::::::::::::::::::::::::::::::::::::::: :::::::::::::: ~-~e.~:.:::: :::::::::::: :::::::::::: 15,~:: :::::::::::: :::::::::::: 

Tce&l. --------·-···· ----- -. ·••••• •••..... ---------- .. -------- ... -·· ........ ···-··-- •••••• ----............................... -· ............... ·-1 
1 lwnp IIUIII, 

Nou.:...CQ'lt Pl'I' ~. 8:'.IO.ll, 
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S2o, 000 
;s,ooo 

105,000 

47,400 
24!. 00U 
20!!, (XI(! 

.5i,!iCJU 

l,~!oO 

1,2112,2:iO 

9,000 
10,000 

450,000 
00, 000 
45,000 

2,000 

2,240 

!!00 
1,000 

:Jl)(l(f 

2,SOO 
!, 400 

~200 
l,!IOO 
3,800 

11,750 
IIO, 000 

123, 75() 
&8,GOO 

81, '700 
ll,07i 

ll7,~50 
182,000 

000 

JO, 000 
4,HO 

a. ooo 
H,000 

48,000 

115,740 
5,400 

119, 468 
II, 100 

13, liOO 
H,.00 
2,200 
1,250 
e,lm 

14,liOO 
40,000 

a, 1189, 1128 
1538,ffl 

4,128,072 
!,000 

247,CIM 
Ill, V.!I 

103,202 

4,.!4~8'111 
176,000 
106,000 
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Water lmporla.twn a.nd, Storage 

nation. It is possible tho.t some of the material list.ed 
as "heavy with cla.y", in the pa.st drilling, was in reality 
the Creede formation. Artesian conditions point to
wo.rd this belief. 

Most of the holes in past drilling on the lower axis 
encountered artesian water. The origin of this is not 
clear due to the uncertainty of the character of the 
materials that were penetrated and when and where 
the flow was first encountered. 

Hole no. l on the upper axis encountered Creede 
formation at 101 feet. It is significant that the water 
ta.ble remained at 42 feet until a depth of 101 feet was 
reached. Later a slow rise was noted, fed in all prob. 
ability from an aquifer in the Creede silts. However, 
no gravel zones were encountered in the Creede forma
tion. It is suggested that if the hole had been deeper 
some such member would have been encountered. 

Such a conclusion suggests that Creede formation 
may have been penetrated at the lower a.xis. Flow 
from these holes was measured at 2-3 gallons per min
ute. The artesian pressure at the river is small, 
estimated about 2-5 pounds per square inch. 

Geologically, the dam site must be classified ns a 
poo: onf as it requireo excessi-;-~ corr.::ic..in measures 
to overcome unsatisfactory characteristics. Much more 
p:roapecting must be done before the limitations of 
aafe and economical design can be determmed. 

Deap Problems 

In all, five different designs a.nd estimates have been 
made to utilize the dam site, beginning with a dam 
across the river bottom on the lowest axis and suc
cessively swinging the axis upstream in a radial direc
tion from the left abutment, in order to utilize the 
terrace upstream from the shortest axis. If there were 
no uncertainties concerning ability to drive sheet piling 
and its efficacy u a cutoff, the lower axis would prob
ably he the best but re<'ent experience hns cast doubt 
upon the ndYisnhility of pla.dng reliance on piling 8S n 
cutoff and opinions os to its prnr.tic11l use differ wirleJy. 

The most serious factor in ony design is the nmount, 
of flow O<'-Ourring under the darn and right. nbutment. 
during reservoir operation. Information t-0 aid in 
solving thlB problem is not sufficient in scope and 
could not be secured without the expenditure of several 
times the amount allotted for this study. Design of a 
we dam is possible with present information but 
whether the reservoir will leak so badly as to materially 
impair the efi'ectiveness of the reservoir, cannot be 
predicted. 

The selection of a dam site in this locality is con
t.rolled by the relative values for foundation purposes, 
>f the materials in the river bed, the terrace and the 
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moraine on the right abutment. "While t.l1ese materials 
are all porous, they differ to some degree. The moraine 
material does contain a small amount of clay and is 
probab]y the lea.st porous. The grave1iln tlie river 
bed come next in porosity as they contain some sand 
but little, if any, clay. The reworked moraine mn.t.erinl 
in the terrace is believed to contnin very little sand or 
clay. Because of the many unsolved features, it is 
not considered advisable to recommend any one par
ticular plan. Ple.n A herein described in some detail,, 
is intended only as an approach to a final solution. 
ThlB plan presents a scheme to secure a deep cutoff 
in the st.able river gravels and avoid1 so far as possible, 
dependency on the reworked moraine material. A 
blanket is carried upstream to increase perc-0Jotion 
distances. , 

The plan contemplates a. rolled earthfill and rockfill 
dam loca.t.ed in the wide portion of the river bottom 
where t.he overlying beds of resorted glacial and recent 
river gravels have been largely eroded. The upper por
tion of the upstream slope of the dam has a 3 : l slope 
protected ·with 3 feet of riprap while the lower portion 
consists of a long blanket with variable s!opes. Thr 
downstream slopt: varies ;roh. 27.:: ir: t1J,·-uppe~ }ionior." 
with variable slopes approximating 12: l in the lower 
portion. The uppe.r portion of the rock fill is 3 feet. 
thick and the lower portion varies in thickness to a 
meximum of about 35 feet. The central and earth 
blanket portions of the dam are composed of imper
vious material grading into pervious material at the 
outer slopes. The cutoff' trench has a. bottom width of 
20 feet and l : 1 side slopes with a depth of approxi
mately 30 feet. A concrete eut-off wall will be con
structed in the bottom of the trench at the left abut
ment where rock is encountered. The rock nt the left 
abutment wilJ be grouted beneath the cut-off woU and 
elsewhere, n~ re,guirl'd, 

Left Rid1c Dike 

A Jong low dike is requirrn1 nf, 11. low s1•.d,ion i11 LLc 
reservoir west of f.h{'c dam. Rnpid soopng~ of irrig11l.io11 
water at. tliis point. indicat.f's l1igh porosity nnrl it is very 
questionnhle whether leakoge through the fom1dnl.i11n 
materials under th~ dike r.oulrl be reduced mnt.erinlly II I, 
a reasonable cost. A cut-off trench with a 10-foot 
bottom width and 20-f oot depth is provided and is 
considered the maximum size of trench justified by the 
height of the dike. 

8piUw111 

The spillway is ]ocoted on the left abutment, in the 
andesite rock. Outflow is controlled by three 20-
by 17-foot radial gates having a discharge capacity of 
15,000 second-feet. The channel is concrete-lined 
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throughout and terminates in a combination stilling 
'"'a.sin for the spillway and the outlet works. A long 

tlet channel will be required to connect with the 
. ver channel. 

Outlet and Di,eralon 

The outlet and diversion tunnel is located in the left 
abutment. The 18-foot diameter horseshoe tunnel 
extends from the trash-rack structure to the spillway 
stilling basin except for a section at the g.ate chamber 
which is widened to provide for four outlet conduits. 
The two outer conduits are controlled by two sets of 
5- by 6-foot hydraulically operated slide gatR.s and 
the two inner conduits are controlled by 84-inch needle 
valves and 96-inch ring follower gates. A diversion 
requir~ment of 4,000 second-feet is provided with the 
gates installed and the needle valves omitted until 
storage is begun. 

0 

Ric Grande Joim Investigation 

Construcl.ion Materials 

Test pits have shown a sufficient supply of suitable 
materials for construction of the earth embankment 
available a.ta distance of approximately three-quarters 
of a mile below the dam site on the right bank. The 
spillway and outlet tunnel excavation will provide the 
major portion of rock embankment for the riprap ond 
rock fill portions of the dam. It is believed that sand 
and gravel aggregate for concrete is available near the 
dam site but no pits have been prospected. 

Rlght•of. Way 

The area flooded by the reservoir is a mountain 
meadow used for pasture only, but in addition, has a 
recreational value for fishing. There a.re iew buildings 
in the area.. Seven miles of the Creede-Lake City high
way will need to be relocated on more difficult terrain 
than the present location. 

:...· -
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wowedowu 00: .00 50.50 .0 ..5 30. 0.0.00. 500... 0.. 0.0 00555.0: .0 5000. 05 500000.. .0
0.00000 00000.... .0 .00 00000: 050.00 ..500.00 .0 W525? 50520.5 .0 5.0 0.0000 9...: .0
20.... 2.00.00...
.25 0055.00.00 0003.60 0 500.000.. .0 no... .00. 50000.00 :5 02.00. ”00.05000: 0:0
wagon .0 0050... <0... 0.0.0 .0... 0.. 00.05.00 005.... 0.0:. .00 00030005 0.0.0 £000.00 00.. 0:...
5.0.0.. 5.0.00 0000:... 0.0. 500.. .: .5... 00 0000.000. :5. 000.0003. .25 m0m.:000 .5055 0.0.
000000 00... 0.0 00.00. 050.00.00.00 0:0 wagon 00.5.0.5 0:0 .005. 00.00 .5000 5.0.0.. .0 05000:
0.. 50.0.0.5: 0.. 0500000 0:0 0.5000 0. 00000.. 00.0.0. 000 5.0.00 0015:5050. 0.0.00... .0 ~00.
0:0 0W0? .0 Moon. .0 poor 0000.0. 000:0... 5050050050 00.502.000.00 05 .500 .0 0050.... .5...
000000.00 0.0.0 5.0.0.. .00... 500.050 0.05 03.00.... 20.... 2.00.00 5.00.... 0000.0. 00000.00 05
500000055 .0 0005....:m 0000000000 ..0.. 00.5.5 .0 0050... 00... 20.... 2.00.8.0 50.555005 .0
0.0.0.: 005...... .0. 00000... 0:0 1.50:0 00.0.0. 50.0.0000 0.0.50.0 .00. 505000 000005000... 0..
0.05... 0000.0. 00000.00 05 0.05.50 0.. 0050.00.50 00503:... 000.8. 50.0.0000 0.0.00.0.
_ _ m m. . n. . m .
.25 0055.00.00 0003.50 500.000..“ .0 ~08 0:0 no... 50000000 Wan—05000.. .0 00:000.
000.... 0.0000 0:0 50.0.05 0 00:00.55... 0:0. 0.0.55. #05 w0: 2.05.0. 0.300.. :5 «00.50:. 0000
.0 .00 000.5 500.40... 000. .0 50000:. .w0..0 N00020:. 00 0.0 500.40.. 500000. non—05000: .50 :0.
000000000 .0 0000.50.50 0:0 50.0.0500 000.. 0 000.50. .0 0.0 50020.. 000.. 20.... 700.000 005.5
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...0. 0.0.0.0506 0: 00:00 ...<0.. 0.0000. ...-0.0 m00 30.0.0. 00.05.. .00 0005.00. 00.... .0 90000:.
0:00 N00020:. .0 00.0.0. .0 20... 300.00.. 00...... .0 .00.... 000.000. 00.70000.
......0 0:0. 000000. 00 000.000.. 000.00.00.00 0.00 000000. 20...... 0000.20.00 00 0.000 00 .0...
0000.20.00 005.... .0 .00 0:0. 000000. 000.. 00.... .2000. .....0 0.00 000000. 00...: 000 00.0.. 000000.
«00.0.00 0.0.0 0000.30.00; 00 ...0 m0000m0000 0000.0. >0. 2mm: M00000 .. 00:05.0..0: 00.5.00:
000.0223: 000 ....0 M02000 00m000...m ...0 0000.22.00 0.. ...0 0:0. 000000.. ... 00 00. 500.00....
000 ...... 0.00 0000.20.00 007.030 000 0.00 000000. £0.00 3:05.. ...0 000.. .000... .900 ...0. .0 ...0 0.00.
.00.... 0.....0 000 02:00 .00. 00202000.: 0.....0 00.0.00. 8.00.05 0.. ...0 ...00. 0.00.. 0000000000 000..-
00.. .....000 «00.0.00 0.0..0 0000.80.00... 00 mm.» 000:0: ... 00:00:00.0: 00.40000 50.020000 000 ...0
m02.00 00.000.0w 000.2000: 0.... 0.01000 0..... 0.00000. .0 ...0. 0000...
200.. 2.0x.00 0000.00 ...0 007.030 000 0.00 0.0.000. «<00... 0:. 00 000.0 00....000 0.0.0. 00.0.0.0?
00.0.0.0: ...0. 000... 0.0.0.. $00. ....0 0:0. 000000. 000 00.000 .. 00. 0.00.00 E00000. 920 W000....0._.
000.0.00. 00:0. 0.0.0.. 0:... 0000...... 5.00 20000.00 ...... :0... .0 0000000. 205. 2.0.000 00000.0 ....0.
...000 000000.000 0.3.0.000 200.. .0 050.000... 000.0000... 000 .8000 00.00.00. 00000.5 20:. 3.0...
.00.... 002.000.01.013 0:0 0.0.0.0 .000 0.0.0.. 02:00.0 ..0_. 000 0.0.0000 0.0.00. ...-.0. 200.. 7000.00
000 ”00.00.0000 09000 ...0. 0.02 0.000010: .0 000000 00 3.0 03.00. 00.020000.
.....0 0:0. 000000. ..0..00 000.0020 001.5 ...0 000.020.. 200....- 000.00 2.0... .08 >0... 0.3.5..
7.0.. m2... 000.....0m .0 .00 00800.5 00.00.0108 .00 00.0.0.0... 00:0 0...... ...m.. 0000000. 0.000000..."
.8000. ...00 .0300: 0.. ...0 00:03 .000 0. 0 0.00 0.5000. 0.0... 0000.20.00 0. 0 0000 ... ...0 000000..
$0000.... 0.. ...0 0.0.000. ......00m.. ....0 000.200. 00.... .0 000.000 .....0. 0.50:0. «00.5.0 300.000 0... W00-
.00.0..0.. .0300... ...0 mm> 0002.000...
”00.0.0000: 30.00.01... 00:00 0000.29.00 0.. ...0 0:0. 0.50:0. 0......m ...0 00......w .000:-
00000 03...... «000.00.00.00 00000.00 000020.20 0.....0 0:0. 000000. .0 00.0000 ~02. >. .00 noon
:.00..0m 0.. ...0 ...-.0m.:00.. >0<.m0..m. ”00.0.0.0..0: 00:20.00 ...... ...0 0:0. 000000. 200.0 .00 00.00000
.0 200.0. 000.6... ...0 000.00.... 0.00000 0.0.00. 000.00.00.00. .0202». 30.0020 .0... ....0 ..0: 0.. ~03.
.w... ...0. 00.0 ...0 00......000. 0..—«0 00 ....0 000030... 000. ...... .00 000000.308... ......0 .....00 002002000...
00000 00 00.0.0... 02.000000 .3. N00.00.0..00. ”00.00.0000 0000100 ...0. .00.. 0050 3.0.0.00 00,050
000 00200.00. .00.... 0.000.080 2.... 0 00.... 0.0000 0.- ...0 0.0.00. .0 00.000 ...0 020. 0.5.0.0. 000.
7.0m... 000.60. .....0 20... 2.02.00 m:w.000.. >0<.00.. .00....30 0.. #0302000: 00.0. .... 00000000
5.00.0 00 ... 20s. 2.0.0.00 0.000000 .0 000.20. «...... 0 0...<0.0 000.0. 00.00.2000: ..00 .0 0000.20.
003.000 0.. ...0 0:0. 000000.. W00.020..0:.0 2.0000035 >000 0.0.00 2.000%". 00.0 ..0 0.00.0 0.0..
000.0 000.. 02.0.0000.
000.022.000 0.0. 000 000.050.. m20...0 000000.000: 0.. ...0 0:0. 000000. 0000.22.00 0. ...0
9.0.000. 0.0.0000. 0.00.05. 0020.000 .....0 00.0... .....0 m0w.000.. .../0.00000 00000.00 0 .0000 00.0.0.0..-
...... 03.00.0000 ....00. ”00.00.0000. .00.00.0m 0.000 000......w 0.000000 .0 00:...20..0m ....0 000000.. 0.
...0 ~08 0000.03.00 0.02.0w.
.....0 0022.00.00 0000.200 300.0..000 .0 ~08 0:0 woo. 20000..0w ...0. ...0 0000.0. $000.00
.0<0.<00 .0 00m0.0m mm> M0000... ... 100.. 000.0030 00:.0..0..00m....... ...0 M03000 010m ...00. .0
030.0. 0000.00.00 00 02.0.30 3. .00.. -
.....0 ...<0.. 000000000 0002.500: .000 00000002.... 800.0000 0..... ...0 .0000000 0.. ...0 .....00
N0. MOS. 000w_.=..=0..0 20.0%.“... 00.0.0: 0: 0.0 ...-......008 0.. >0..00u 30020.00 0...... ...0 ch.
wcaw... 0.. W00.0..00..00.m. Fm. >000. 00.0... 0.. 00.5.0008. 000 200-00003. 0.0.0.00. 0.0030300.
0.00000 No.0.00 .0 20.0.. 7.000%...00. 0: ...0 3.00.0 3.0 0.0000. 20:. 2.00.00 gang—2.00.... w.o-
.0m.00. 00.0.00. ...0. £00 0 002000.00 .0 ...0 0000020000 5.0.0.. >m30200. 002.000 ...0 90.0 0..
20.... 2.0.000 0:0. ....0 €0.30 0.0.00 3.0000000 00.0.... 00000.00 ...0. 000.0 00.0.
...... ...... .... T... u. .. .... .. ...-.... . ....E.. ..
”00.0.0000: 20.403200 ...0 0000 ..0.. ... 0.000000 0.0.00. .0 00.0003 ...0 07.0.. 000000.. 000
...0 .0.0..<00.0m ...05. ...0... 0000000000 000000.. .0 ...0 0.00. 0.00 0200 .0000. 000.. 00.00.0802 ....0...
m00 7002.0: ......0 0000 .0 0.....00. 000 .0 ...0 0.0.0.020 0080.000 «...... ...0 0.0.0.00 000000. 000..
000000 .8. 000.200.0200 .0 ...0 ...<0.. 000000. 000 ...0 0000.....m 0.2.0.0005 000000. 00000.? £0.00
.0 .000 .00.. ...0 200.00.. 0.000000... ...000 0.00.. >0 000023.000 .0800... 0... ...0 .....0. 000000. E...
0000.. ......0 000000. .0 00. 00.00080 .0 ....0 .9000 0.0.0000 ..000 0.0.0 0000 ...—.00.. .... 000.00. 0.20.00
.000..00 00 ...0 000. 0.05... 0.. ...0 ...000 0.0.0. ”00.00.0000 080......00000 ...0 N0m.000.. >9..QO .00.
w00.0.00..00 0003.000 0 90.00.00. >000mm0000. ..0m000.0m ...0 30:20.0... 0.00.00. .0 ...0 M03000 .0
2.0... ”8.. 0..... 000.0. .0 ....0 m0m.:00.. >013? 000 .0 000.00.... 000..00.0m ..m 00:00.3..00 s0... ...—0
m02.00. .....0 0.00000 0.00 .0 00.0 0.000 ...0 00.02.00. 0.. ...0 0.0.00.0... 30030.0... 00.00.0000...
0.80000 ....0 0.00 0:05.00 ...... .0002. ..0m0.0..0: ..0.. 0020.000: 0.. 000.. 00000000000 00.000 ...0 m0...
.000 000 ”00.00.0000 00.... £300 .0 00.00.... .. ..0.. 0 0000.00 0.0.0 00100 0.. ...0 0.320.. 0.. ...0 m0..<.00
..00 8.80 00000 .0 00.00.... .. .0 0.00.. .0 0.0.0... 000.0000. 00.0. ”00.00.0000 .0 00:2...00 00 ....0 .00.-
.02-00 000.5020... 00020.20 0...... 0: .00.... ..05. 0.00. 002.3000... 000000. 2.000. 00000.... 0..
30 00.0.0 ..00. 00.. 0000.... 0......
.000 0022.00.30 >0... ... Nan... 0000.000: 000300.00 ...... 000.00. 0000300.: ...0. ”00.0-
.0000: .0000000 ...0 000.00.00.00 0. .3 «£0.00 00:00. 0.000% 0... 2.000.. NM. 8.... ....0. ...0 0.00.
m0<...0.0.:00.0. .2000. $0.020... 3.0. 0010.0 03.00. €00 02000.00 .0 .00 0020.030 ...... ...0 002.00..
0.. M03. .....0 «000.000: 0.00 000000.00 30. ....0 30.000300. r000 .00 0000.20.00 0..... 0 ~80 0?
00000.... 00.. 2:00.. 000000.00 .00. 0.00.00.00.00 ..000 ...0 00200008: .0..0.-..000 .....00m... ...0 ma.-
000.. >013... 0.. 0.... 000.0000. 0.300.000 .0 0.00.00.00.05 ...0 0.0.00. 00.. 08.000 0 0.00.000...
0000.0 0.. 0.0.00. 00......000. 03.0.0000. 000 0000.... ”00.00.0000 0.0.... .....00000 ...0 m0m.000.. >010-
000 0. ...0 ~08 0.00..0m ...—0. ...0 ......0. Em 5.00.0 :0. .00 0020.060 00... 0000.00.00 0.. .0. Wm». M00-
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:00 ... 000000000: 0...... ....0 m0..<_00. ..._.0 .m0m.000q 0.00.0000 00...... 00. 00007.00 000E000 0000.00 3.00.
”00.00.0000 000.. 0.0 .00. 0.000
.30....00000 01.00000 .00 m0m...000 >0<.0000 0.. 0.0... 0001.20 0...... .00 0.00000 00.00300 0..
0.0 :00. >0 0000 000000000000 moi—200.0... 0.. 00. 300.000.. 000.0 00;. 0.00.0 .0 0.0 030000..
.000000 0.. 0.0 «0.00.000 .00. 0.00. 00.20.0000 000000.. 5.0.0.. .030. ._.0 000.00. .00.. 0.00.. 000...“...-
0..00 000000. 00.00... .0880 0.00.. 0:00 000.000... 0......“ 00020380.. 000. 000.0 0<0.......... 0.300..
:00 000....m 0000. ”00.0.0000: 00... 0.0 000.00. 0.00 .0 .0 00000.00. .00 00.... 500.0 .0 :00 0.00. 0:02
.00 0.00.00. 0.000500 .0 00.... 9.00000 2.0 .0 0:00 00.00 0.800.. .00 000000 0.00. 0.... 0.0.. «000:0...
0.0 0.00105 0 000000 009000. 0.. 0000......0.00 P100. .....0 m0m.000. 0.02.020 000000000 .00 0....-
0.008. 000 0000.000... 0.. 00.0 0.0... .....0 .0932 0.0.0000. 0.00 000000000 0.0 30.2 005000 00.00....-
..J. 01 M8 2.0. 00 0.000000 .0 2.0 00000.... 0.. ~08 000 000000.00 E. .00 00.000.00.000 «000.0000.
$300000: 0.0.... 00.000000 .0... 00.00 0 0000 00. 0.0.0 00000. 0.000 .0 00.0... 0.0.2 .400. 0.0 00.0. .0
0.0 :00. .00 0.0000 00000.... .0 00. £050.00 000 0.0. .1000 8.000.... .0 000000 00.... 000 08.0mm...
.....0 3.030.200 0.0.00.0... 00.0m ..0..0.0.m.00 000 000......0 00 .00... 0.....0 C0000 ”.0 0.8000 5.000. 0.000-
00000 ”0.00.... 000 Em 0.0 00000 00 .00 0.00000 00.001000 0.. 50.00.0000. 0.0.0.. 00.000 0 ...0..<
0.00. 0000.00.00.00 0.0.0.00. 00000.... 0.. ~08 000.
”00.0.0000: 0.00 0.0.0.. :0... 000m... .0 00000.00. 0.... 0.0.00. .0 00. 00:00.... 020:0...0 0.
0.00000.
5.0.00 .~
.000 00.00 03¢.000 00 0000.0 00 .00 00-m0.0m M00000 .30 000.00.... 0.0.0.. 00.000000 :0
00...... .0 000.00.. W00... 5.00 ”.0 0.0000 0.0000. .....0 00.00 000 000000.00 000:0 0.0000? 00.... 0.0.
0...... .00 m0w.000q 0.02.00: .0m0..0.0w 00.000... 03.00... .0... 0.0m... 00 50.00.0200. ..._.0 m0m.000..
0.01000 0000300000.. .0 .00 000.00 0.0. .00 00.00 000000.30 00 .00 0.035.000. 0.. 000000.
00000.00... 0.. 0.0 50 0.0000 0.00. 000...: ”00020... .0 E00000. 0000 N00020: 00000 00 .0003...-
000 030.000 00.0000. .0 .00 00000005 000.000.0m 000000. 00000.... 0... ...0 ”.0 0.3000.
200. 700.000 300.40.. .0 ...0 m0m.000.. 5.0100: .00... .. 000 0.0.0.0.. .03 0 000. 0.5100 0m..00-
.000. 0...... .00 00000 00001.0 M00000 .50 000.00.... .0 00.0.0 0 0.0.0.. 00000000 50.00.5000: .0 .00
.000: 0.. 0.0 E0 00.000 003.000 m0: >000... 000 E00000. 0000 ”00020.0 4.00 0.00.. 0.0.0000
03000208.. 000020000 20:0 .00 00.0.00 0.0.00 0......- maw_. 00.05.80. .00 0000.. .0 000.00.00.00 0.0
000:0... 900000.00. 00.0.0... 000 0000000 €0.00.m..0...00€0.0.. 0.0300000. 20:. 7.0.000 .0 000.00....
0.01.0.0. 00 m0 m0<.q000.00.0. >00000300.. 000000 000000.000 0...... .000050000. 00.. M00000 0.. 5.0....
.01.... 030.00..
.o
.....0 000.00.00.00 00.0.0.0... 0 300.0000 .0 no... .00. 00.0.0.0..00 .00 3.00.0 E0 0300...
m0000m030 0000.00 0000020000 .000. 8000020000 000... 0.. 0000000 0.. 0.... 0000.000? .00
0033.00.00 «3.0 :0 00.000 00.. 00000... .0 0 000.000.. 0.00. 00.400. 0.0030000 0.. 0.0 00.00 3.00.0
.08 0.00000 0.0.00. ”00020.00. 00 0.000.000 .00. 0.0 1.000 0000.0. >0. 0... .000A10.u_.0 .02 3.0.5.
.0 0:00.. .00 0000020100 .000. 0.008.300 wow 0 .000 0.. 00. .020 0.50 20.00 0.0000. .—...0 2000.010:
0.00 0000200 00.. .00 0.0.0 0.....0000 .00 mm... .0 300.00 .8 0.0.0.9.... 0.. .00 $0020.80 00 2.0.0.. 0..
M08 00.. 0mm? 00 000.00.. no. “cow. .0 4.0.30 0.03 .0 00330.00 0.0. 0 .80 .0000 0.. 0.... .00 000.000 .0...
00 0000303 0.0.... 00:00. 00030000 0.....0 000020.00.
> 0000020000 0500.. 00000.00. A005... 0.00 00000.00 00 .000 no. moo. 003.000 .00 90.0
0.. 205. 2.0.000 000 0.0 C0000 90.00 0.0. 00. .5030000 000 000.....000 00 ...0 0.0Bm0 00.. 00.0000
0.0030000 0.0.00 0000020000 000.. .000 02> 5.... 0.60.0 5000.000. w . . ~08. C0 .0 50.08 00.0-
..00. 0... 00.20 .00 00-0000 0.0.0.. .00... 00 0000.000 00.. 00.00000 000. >030... 000 000.00 0000.00 .000.
020.00 050w no... 00.00%. .33 000 .00 03000 000.000. 0.00am0050. 000 0000.0. mm... 05.00000.
0. 00000.00. 0.. .0908 00.0-..00. 0.. 00000000000 03. 5.0.0... 0.00 00.. 003.000.. 03000.0 00000.. .0
“0.00000 «0000. .00.. .00 0000 .0 000. 000 00.000». «00...
> .000. 0.. $0... 00.00.00. 0.00 0000.000 .0 ....... 0000020000 100. 0......0w M02. 0...... 0.0mm
00.0-..00. 0000.30 .0 >030... ”00020... 0.00 0.3... 0000-000. 00.30.00 .0 00.000 0000.00 5000.20...
..-..0 .00... 0.. 9.0 0.000%. 0.00 000.080 0:10m 0.0 000.. 0000.30.» 0.00.... .000... 0.. 2.»... «00.0000
0.0.0 .00 0000020000 .000. 003300000 00 .0... N. 0.00. 000 0000000.. 0.30%. 0.0 000 0.. 008.00.. 0.
0 0030.000 000 0300.00.30.00. .8 000 000. .00... 000020.00. 000 .0 0 0.0.0.0.... 08.0.00. 0...... 0.0
00:900.. «0.000 0. 00.00“ 00.00.00 500020... .. 00000.0 0000000.... .0 0.0.0 0.... 0000200. 0000.03... .0
00.000... No.00000 0.0:. .00 0000020000 .000. .0 08. 3.0.00 HMS.— 0000-0000 m<000..0..<0 000
00.000002. .00000 58.00 0b.... 00.00.02. .8500 No.03 0000-0000. .0 0.0050 0. 0.0 00.. 0.. poor 0..
.0 >030? ”00020....
.....0 20.0.. 000000.05 on .00 0000020000 100. 0.00 000000000 .0 000000000 0...... 0.0 N000
0.00. ”000.0000... 0......" 000.000...
Egan...
5.0 00.00.00.008. 0.08.. 0.0% .0 3.00000 .0 032.00 000.000... 0.0.0.. 00.. 000050000 0.00-
0.00 0000.0. ”8.500.000 0.0.. 3.00... 0.000000 .20 00.00000 0.. 50 000mg 00 00.0.00... .0 ....0 2.0.00
08. £00. £0 0.0500 m000.0.000$. €0.00 309.030.0000 310000.005. 05000030.... 0.0.00.0m
m00 0000-00200 0.0.0.. .8000. 0000000000 00... 0.0.3. 30000.0 00.. 00.300 00:20.... 0.. M00 .000-
0000... 0.00.00. £0.00 .....0.0 ...0..00 .0820... .0 03.00. 80.80.20. 5.00 0.0.0.. 0.00.6003. 0.0.000.
00-00250. .0000. 0.0.0.00 0m 0.0.0.. 0. 000000. 000 :00 0.. 900000.30. 0.0.... ”00.030000 .00000
0.30 008.000. 0.. 00.0 0000-0005.. 0.0.0. .03.... 0... 0000.00.00 .0 no... 000 3.00000 0.000 0000.000.
0n 0:08.00 .0... 00.000.30.00 mg 0000-00000 0.0.0. #00. ...0..00 w00020... 00. 0 .08. 0.. 3.0.0
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020.000.. >.. 0......0 0.0.00 $.00 0000.000 .0 .00 3.00.0 50 03000 000002.000... 0.0.10.2...»000.
.010. .0 .00 000 0.. .06.... Moo? .0 003.0. 0.000300. 0.. .00 No.08 00.0-..00. on 0.0.00 W0n.030..0:
0.00... .0 ENOOD 0. 0.000.:00 .0 .00 >005. N. N08 >080... 00000 w000.<.0w 30.0.5.0. 300.0: ..0..
30:00:05.. 3.00.0.0: .0 00.0000. 0 35.0000 .00.... 3.0000. 0. K003.
”00.0.0000: 0.00380 0033 0. 0001000500 00...:0 woo. .0 .003: 00 00.30.00 9.. x01..-
30:00. ~92... 00.00.00. 0.0.0080 :03 .00 _..—...00 .0 .00 ”.0 0.0000. W00.030..00 0.0:..00 ..0_. 0 00...
0... 000 300.30 00 030E000... 00.000.05.00 :03 ...0 200.. 2.00.00 0.500 0.....0 MES m:m.:00.. .00
....m 0030.00 0:03:00. 200.. 2.0.0.0 00....000 .00. ”00.03.03: 0.0 00. .00.»... :05. 30.0: 0: .00
00300 00 000.30 .0... ._.0 0052.30.50.
000003.000: :00. 5.0.0.. 0.8 0000 .0 000.0. .0 300..0m 3.0.0.03 0:... Sumo. :0...» 00.00. 9.:
>000... 0.5.3.0: 000. 0:... 0.. 2.0 mm... 3000...... 00.0.0.0 0.2.0:. 20...... 00.0.0 mm: >000... 0.50.0.0:
0.00 0.03 0000.083... 0. 00 0.0000 .0: 0?. 0.... 2.0.0.000 300.080.... 00000000 ...0 mo 0? .060. :0...
00.0.0..0..00 3.. .00 .000 no. no... . 000...:330...“ 20.3.00. 00.0.00. 0.0.00 0. ...0 mm: 0.03.... mmw0
0.00 0000.003... 00000000 .00 00.0.0020 3.0.303 000 SE0. :02! 5.0.0.. 00.... 0...... :30 0.. 0.00...
5.0.0333: 0.04.00.00.00 .0... .000. 0.0.0 0.0.0.0.. E. .00 3.3.00 .0 300.....m 0.0 3.0.303 0:0 .0...
m0. :05...
0 0 ._. . 0. . _
._....0 $000300; 00.5.00: .00 20.... 2.0.000 3.03.0.0 9.003 0033.00.00 .2350. 0:0 .00
00...... 0:0 00.0.00: .00 2......m0 0:0 ...0 0...... 0.. 2.0000035 m0<0_.:..:m 2.0 00.00.0000 000 0003......
0.. ....0 .0300 ”0.0020... 000.30... 0000.0. :00. 0.6.000 00 0.. 0000300.. u .. Moog 000 0.0 020030.: 0..
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YEAR 2001
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YEAR 2001
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I, William R. Hutchison, declare as follows: 

BACKGROUND AND EXPERIENCE 

1. My name is William R. Hutchison, Ph.D., P.E., P.G.  I was born on 

November 4, 1958 in Nueces County, Texas, and I am competent to make this declaration.   

2. I am an independent consultant with over 35 years of professional experience 

as a groundwater hydrologist.  I have been retained by the State of Texas to provide 

consulting services on hydrologic issues presented in the Lawsuit.  My professional resume 

is included as Attachment 1.   

3. My street address is 16717 Captain Hook Road, Jamaica Beach, TX 77554.  

The United States Postal Service does not provide home mail service to my address.  My 

mailing address is 9305 Jamaica Beach, Jamaica Beach, TX 77554. 

4. My education includes a Bachelor of Science degree in Soil and Water 

Science from the University of California, Davis, a Master of Science degree in Hydrology 

from the University of Arizona, and a Ph.D. in Environmental Science and Engineering from 

the University of Texas at El Paso. 

5. I am licensed in Texas as follows: Professional Engineer (Geological and 

Civil) No. 96287, Engineering Firm No. 14526, and Professional Geoscientist (Geology) 

No. 286. 

6. From August 1983 to October 2001, I was employed by various consulting 

firms or worked as an independent consultant in California and Arizona. 

7. From October 2001 to June 2009, I was employed by El Paso Water Utilities 

in El Paso, Texas.   

8. From June 2009 to August 2011, I was the Director of the Groundwater 

Resources Division of the Texas Water Development Board in Austin, Texas.   

9. From August 2011 to July 2012, I was employed by LBG-Guyton Associates 

in Austin, Texas. 

10. Since July 2012, I have been an independent consultant based in Austin, 
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Texas (July 2012 to July 2015), Aberdeen, North Carolina (July 2015 to January 2016), and 

Jamaica Beach, Texas (January 2016 to present).   

11. I have completed (or I am actively working on) over 60 consulting 

assignments for over 30 different clients in Texas. 

12. In the last four years, I have testified as an expert witness in two cases.   

13. In August 2016, I was retained by the Middle Pecos Groundwater 

Conservation District to testify at a mandamus action filed against the District by Republic 

Water Company of Texas, LLC (Republic). Republic sued the District to have its permit 

application declared administratively complete despite not including results from a model 

run, which was required by the rules of the District.  My testimony involved details of the 

required model run.  The Court agreed with the District’s interpretation of the District’s 

administrative completeness requirements.   

14. In March 2019, I was retained as an expert witness for the General Manager 

of the Lost Pines Groundwater Conservation District in a contested case hearing.  The Lower 

Colorado River Authority submitted eight applications to withdraw 25,000 acre-feet of water 

per year from eight wells in Bastrop County, Texas.  I prepared an expert report and pre-filed 

written testimony regarding the use of models to evaluate potential impacts of the proposed 

pumping.  As part of the assignment, I reviewed model runs of the applicant’s and protesting 

parties’ experts.  Specifically, I processed model output to assess surface water-groundwater 

interaction impacts, provided predicted impacts to over 2,600 registered wells in the District, 

and processed model output to provide predicted impacts to 39 monitoring wells for use in 

future monitoring.  I was deposed on my expert report and pre-filed written testimony, and I 

testified at the contested case hearing.   

15. A summary of my experience with developing, reviewing, updating, and 

running simulations with 37 groundwater models in Texas since 2001 is presented in 

Attachment 2, and 24 models outside of Texas prior to 2001 is presented in Attachment 3.   
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16. My direct experience in the El Paso, Texas area began in 2001 as an 

employee of El Paso Water Utilities.   

17. In 2006, I completed my doctoral dissertation, titled Groundwater 

Management in El Paso, Texas, which included details of modeling and management of the 

Mesilla Basin in New Mexico and Texas. 

HYDROGEOLOGIC BACKGROUND 

18. The map shown is a modified version of a map in the expert report of Daniel 

J. Morrissey, one of the New Mexico experts, and is intended to provide some geographic 

background of the surface water and groundwater resources of the El Paso area.  The only 

modifications to Mr. Morrissey’s version of the map is that the labeling in white boxes was 

added. 

 

19. Water is released from Caballo Reservoir and flows in the Rio Grande 

through the Rincon Basin. 
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20. The Rio Grande flows through Selden Canyon from the Rincon Basin to the 

Mesilla Basin. 

21. The Rio Grande flows through the El Paso Narrows from the Mesilla Basin to 

the El Paso Valley, where the groundwater basin is known as the Hueco Bolson. 

22. The Rio Grande at El Paso stream gage is in the El Paso Narrows.   

23. The two major diversion points on the Rio Grande just below the El Paso 

Narrows are the Acequia Madre (for Mexico) and the American Canal (for Texas).  

24. The Rincon Basin is entirely in New Mexico (the green area of the map). 

25. Most of the Mesilla Basin is in New Mexico (the green area of the map).  A 

small area at the southern end of Mesilla Basin (upstream of the El Paso Narrows) is in 

Texas (the peach area of the map). 

26. Throughout the Rincon and Mesilla Basins in both New Mexico and Texas, 

there has been varying amounts of groundwater pumping for irrigated agriculture, municipal 

use, industrial, commercial, domestic, and livestock use.   

27. Groundwater flow from the Rincon and Mesilla Basins to the Hueco Bolson 

is limited to minor flow through Fillmore Pass and the El Paso Narrows due to the geologic 

structure of the area.  This hydrogeologic isolation between the basins means that the Rio 

Grande at El Paso stream gage is an ideal location to measure and assess impacts of 

groundwater pumping in the Rincon and Mesilla Basins to Rio Grande flow.  

28. Because of the relative geologic isolation and the minimal flow between the 

Rincon-Mesilla Basin and the Hueco Bolson, groundwater models of the Rincon-Mesilla 

Basin and the Hueco Bolson can be developed independently.  

29. Surface water and groundwater are connected in the Rincon and Mesilla 

Basins.  As water flows in a surface water feature (i.e. a stream, canal, or river), the surface 

water flow can either increase from the inflow of groundwater or decrease due to seepage 

losses to the underlying aquifer.   
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30. When groundwater elevations are higher than surface water elevations, 

groundwater flows into the surface water body and surface flow increases (a gaining stream 

condition).  Figure 1 conceptually illustrates a gaining stream condition. 

 

Figure 1.  Illustration of a Gaining Stream (from Winter and others, 1988) 

31. When groundwater elevations are lower than surface water elevations, surface 

water flows into the surrounding aquifer and surface flow decreases (a losing stream 

condition).  Figures 2 and 3 conceptually illustrate two types of losing stream conditions.   
 

 

Figure 2.  Illustration of a Losing Stream (from Winter and others, 1988) 

 

 

Figure 3.  Illustration of a Disconnected Stream (from Winter and others, 1988) 
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32. Figure 2 illustrates a condition where groundwater elevations are lower than 

the stream elevation, but still connected to the stream bottom.  This is a losing stream 

condition, and the seepage rate out of the stream is dependent on the difference between the 

elevation of the water in the stream and the elevation off the groundwater. 

33. Figure 3 illustrates a condition where groundwater elevations have dropped 

lower than the stream bottom elevation.  In this case (a disconnected stream), the seepage 

rate out of the stream has reached its maximum and is based on the depth of the stream only.   

34. One of the impacts of groundwater pumping is the reduction of groundwater 

elevations (also known as drawdown).  Long-term groundwater pumping can result in 

drawdown to the point where a stream that has been historically gaining (i.e. groundwater 

flows into the stream providing base flow) can be changed to a losing or disconnected stream 

(i.e. water percolates out of the stream and recharges the underlying aquifer). 

SUMMARY OF NEW MEXICO MODEL  
(INTEGRATED LOWER RIO GRANDE MODEL) 

35. New Mexico has disclosed the “Integrated Lower Rio Grande Model” 

(ILRGM) for use in this case.  The ILRGM combines a River Ware model of the surface 

water network (and includes a simplified representation of the shallow groundwater system) 

and two detailed groundwater flow models using the MODFLOW-OWHM code: one of the 

Rincon Basin and the-Mesilla Basin and one of the Hueco Bolson. 

36. One of the important outputs from the ILRGM is the flow of the Rio Grande 

in the El Paso Narrows (Rio Grande at El Paso). As described above, the El Paso Narrows 

represents the geographic and hydrogeologic boundary between the Mesilla Basin 

(upstream) and the El Paso Valley (downstream).  If groundwater pumping in the Rincon 

and Mesilla Basins results in stream depletions, it can be measured at the gaging station in 

the El Paso Narrows.  Any model that simulates surface water-groundwater interactions of 

the Rincon and Mesilla Basins should reproduce historic flows at this measuring point and 

should be capable of quantitatively assessing depletions at this measuring point. 
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37. As described in the expert reports of Greg Sullivan and Heidi Welsh, New 

Mexico completed a calibration run of the model (Run 0) simulating historic conditions from 

1940 to 2017, a run simulating historic conditions using Rio Grande Project operations rules 

developed by New Mexico experts (Run 1), and 26 predictive simulations using the ILRGM. 

38. The relevant ILRGM runs for this declaration are: 

 Run 3 – NM Pumping Off (all New Mexico pumping off); 

 Run 6 – RM Pumping Off (all Rincon-Mesilla pumping off); and 

 Run 7 – TX Mesilla Pumping Off (all Texas pumping in the Mesilla 
Basin off). 

39. These “pumping off” runs hypothetically assumed no groundwater pumping 

from 1940 to 2017 and resulted in higher simulated Rio Grande at El Paso flows as 

compared to the historic operation simulation (Run 1).  Under the pumping off runs, 

groundwater elevations in the Rincon and Mesilla Basins are generally higher than the 

groundwater elevations in the Rincon and Mesilla Basins in the Run 1 simulation.  The 

higher groundwater elevations result in more groundwater discharge to the surface water 

system (canals, drains and the Rio Grande itself), and, thus, results in higher surface water 

flows.   

40. The New Mexico experts interchangeably use the terms “depletion” and 

“pumping impact” in the text of their reports, the figures associated with the reports, and the 

Excel spreadsheets that contain the results of the ILRGM simulations.  New Mexico experts 

generally calculated depletion as the difference between the stream flow associated with a 

“no pumping” run of the ILRGM and the stream flow associated with the historic operation 

run of the ILRGM (Run 1). 

ILRGM RIO GRANDE DEPLETION RESULTS 

41. New Mexico experts provided ILRGM results for the relevant runs of the 

model in  the following Excel spreadsheets: 

 Run 1 Summary – Operational – All Pumping On v116.xlsx; 

 Run 3 Summary – Operational – NM Pumping Off v116.xlsx; 
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 Run 6 Summary – Operational – RM Pumping Off v116.xlsx; and 

 Run 7 Summary – Operational – TX Mesilla Pumping Off v116.xlsx. 

42. New Mexico completed a specific analysis of Rio Grande at El Paso 

depletions using data and results from the ILRGM results described above.  Attachment 4 is 

the DataAnn sheet of the Excel file named Ferguson Rebuttal revised 9-15-20 v116.xlsx that 

was disclosed by New Mexico. 

43. The first line of Attachment 4 distinguishes results from the ILRGM, and 

calculations completed in the spreadsheet for the depletion analysis.  The first eight columns 

are labeled “ILRG”, which means that the data in the columns are directly from ILRGM.  

The final 11 columns are labeled “Calc”, which means that the data in the columns are 

calculations completed in this spreadsheet based on ILRGM results.  Please note that the 

blue color of the “Calc” columns was from the original Excel file disclosed by New Mexico.  

44. The results in the DataAnn sheet of the Excel file can be grouped as follows: 

 Rio Grande at El Paso Flow; 

 Northwest Wastewater Treatment Plant (WWTP) Discharge; 

 Sum of Rio Grande at El Paso Flow and Northwest WWTP Discharge; 

 Pumping Impact in acre-feet per year; and 

 Specific State Pumping Impact as a Percentage of Total Impact. 

45. WWTP flow is from Texas Mesilla pumping Rio Grande at El Paso flow, 

Northwest WWTP discharge, and the sum of Rio Grande at El Paso flow and Northwest 

WWTP discharge are provided for each model run (Run 1, Run 3, Run 6, and Run 7) in the 

spreadsheet. 

46. The Northwest WWTP is a El Paso Water facility that treats municipal 

wastewater from the west side of El Paso.  The source of the water supply on the west side 

of El Paso (and, thus, the origin of the wastewater) is almost exclusively from groundwater 

pumping in the Texas portion of the Mesilla Basin (i.e. the Canutillo well field). 
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47. The Northwest WWTP discharge enters the Rio Grande downstream of the 

Rio Grande at El Paso stream gage.  Thus, the sum of Rio Grande at El Paso and the 

Northwest WWTP discharge represents the available flow for diversions to the Acequia 

Madre (Mexico) and the American Canal (Texas) below the El Paso Narrows. 

48. The difference in the sum of Rio Grande at El Paso flow and Northwest 

WWTP between a relevant “no pumping” run and the historic operation simulation (Run 1) 

is defined as the “pumping impact” in the spreadsheet (in acre-feet per year), and is either 

termed “depletion” or “pumping impact” in the text and figures of the New Mexico expert 

reports.   

49. The annual depletions were presented in Figure 19-2 (page 147) of the 

September 15, 2020 version of the report by Greg Sullivan and Heidi Welsh and is 

reproduced below. 
 

 

50. The columns on the right side of the DataAnn sheet (Attachment 4) are 

calculations of the pumping impact caused by each state’s pumping expressed as a 

percentage of the total impact.  New Mexico experts alternatively defined the total impact as 
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the impact simulated in Run 6 or as the sum of the impact simulated in the two state runs 

(Run 3 and Run 7), so there are two calculations of each state’s impact. 

51. The final line of New Mexico’s spreadsheet with ILRGM results related to 

streamflow depletions (Attachment 4) are the average flows and depletions (calculated for 

each column in the spreadsheet) for the period 1940 to 2017. 

52. Average stream depletions (or groundwater pumping impacts) as calculated at 

the Rio Grande at El Paso gage for the period 1940 to 2017 based on ILRGM results (as 

shown in Attachment 4) were reported by experts retained by New Mexico as follows: 

 Total Rincon-Mesilla Groundwater Pumping Impact: 66,351 AF/yr 

 New Mexico Groundwater Pumping Impact: 52,610 AF/yr 

 New Mexico Groundwater Pumping Impact: 79 percent of total 
impact 

 Texas Mesilla Groundwater Pumping Impact: 13,700 AF/yr  

 Texas Mesilla Groundwater Pumping Impact: 21 percent of total 
impact 

DISCUSSION OF ILRGM RESULTS AND ILRGM LIMITATIONS 

53. The analysis presented in the spreadsheet (Attachment 4) completed by New 

Mexico experts establishes that groundwater pumping in New Mexico has depleted surface 

water flow in the Rio Grande. 

54. In addition, Daniel J. Morrissey, one of New Mexico’s experts acknowledged 

that the ILRGM shows depletions due to pumping in the Rincon and Mesilla Basins to 

streamflow measured at El Paso (Morrissey deposition, December 9, 2019, page 75, lines 

12 to 18). 

55. The ILRGM can be used for analyses that focus on large geographic areas 

and over a period of few to several years.  

56. Limitations of the ILRGM affect the reliability of results focused on a single 

year or time periods less than one year, and results that focus on a small geographic area.  

The geographic and temporal scale limitation of ILRGM results is primarily because the 
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RiverWare model “governs” the results (Daniel J. Morrissey deposition of December 10, 

2019, page 65, lines 13 to 23).   

57. All models are simplifications of real-world systems.  The New Mexico 

RiverWare model calculates surface water-groundwater interaction within “groundwater 

objects” that are several square miles in area.  In contrast, the New Mexico groundwater 

models of the Rincon-Mesilla Basins and the Hueco Bolson calculates surface water-

groundwater interactions in cells that are 10 acres in area.  The groundwater objects in the 

RiverWare model are analogous to the groundwater model cells when comparing the surface 

water-groundwater interaction calculations.  Daniel J. Morrissey acknowledged that the 

calculations in the RiverWare model are more “generalized” than in the groundwater models 

(Daniel J. Morrissey deposition of December 10, 2019, page 65, lines 6 to 12).   

58. In summary, the ILRGM calculations rely on surface water-groundwater 

interaction calculations that are averaged over an area of several square miles and ignore 

groundwater model calculations that are averaged over an area of 10 acres in the 

groundwater models.   

59. The surface water-groundwater interaction issue is one of the most important 

aspects of this litigation.  Stream depletion is a reduction in streamflow that is caused by 

groundwater pumping.  Calculations of stream depletion with the groundwater models are 

averaged over areas of about 10 acres, but calculations with the RiverWare model represent 

averages over areas that are several square miles.  The choice by New Mexico experts to rely 

on the RiverWare model results instead of the groundwater model results is inconsistent with 

their claims of the sophistication and necessary complexity of the ILRGM (e.g. Daniel J. 

Morrissey deposition of December 9, 2019, page 44, line 22 to page 45, line 4).  

60. Reliance on the ILRGM and its simplified representation of the surface water-

groundwater interactions in the RiverWare model is appropriate for evaluating impacts of 

pumping over a large scale (i.e. impacts of pumping in New Mexico and impacts of pumping 

in Texas) and over a few to many years. 
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61. However, the limitations prevent reliable use of ILRGM results for analyses 

over smaller scales (several square miles) and for short time scales (months to a single year).  

CONJUNCTIVE MANAGEMENT 

62. Estevan Lopez, one of New Mexico’s expert witnesses, defined conjunctive 

use during his July 6, 2020 deposition on page 68, lines 3 to 6 as: “using the available 

surface water as the primary irrigation supply and making up the difference up to the crop 

irrigation requirements with supplemental groundwater.”  

63. A proper conjunctive management approach increases total supply because 

the surface water component and the groundwater component are different sources.    

64. If the groundwater supply is connected to the surface water supply (i.e. they 

are interconnected), the groundwater pumping depletes the surface water supply to some 

extent.  The surface water depletion component of the groundwater pumping is not a “new 

supply” or “separate supply.”    

65. New Mexico’s practice of conjunctive use is to use surface water and to 

pump interconnected groundwater limited only by crop needs or permit limits (Estevan 

Lopez 30(b)(6) deposition, September 18, 2020 page 36, lines 17 to 22).   

66. New Mexico’s “conjunctive use” as defined by Mr. Lopez ensures that New 

Mexico water users receive all the water they need while decreasing some water that would 

have otherwise flowed into Texas. 

I declare under penalty of perjury that the foregoing is true and correct. Executed this 

29th day of October 2020 at Aberdeen, North Carolina 

 
 

________________________________________ 
William R. Hutchison, Ph.D., P.E., P.G 
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Independent Groundwater Consultant 

9305 Jamaica Beach 
Jamaica Beach, TX 77554 

512-745-0599 
billhutch@texasgw.com 

 
EDUCATION 

University of Texas at El Paso: Ph.D., Environmental Science and Engineering, 2004-2006  
University of Arizona:  M.S., Hydrology, 1980-1981, 1982-1983 
University of California, Davis:  B.S., Soil and Water Science, 1976-1980 
 
PROFESSIONAL LICENSES 
 
Professional Engineer (Geological and Civil) No. 96287 (Texas) 
Engineering Firm Registration No. 14526 (Texas) 
Professional Geoscientist (Geology) No. 286 (Texas) 
Registered Professional Geologist No. 0779 (Mississippi) 
 
PROFESSIONAL HISTORY 
 
Organization and Location(s) Position Dates 
Independent Groundwater Consultant 
Jamaica Beach, TX 

2012 – pres. 

LBG-Guyton Associates 
Austin, TX 

Associate 2011 – 2012 

Texas Water Development Board 
Austin, TX 

Director, Groundwater 
Resources Division 

2009 – 2011 

El Paso Water Utilities 
El Paso, TX 

Water Resources Manager 2006 – 2009 

Hydrogeology Manager 2003 – 2006 

Hydrogeologist 2001 – 2003 

TEAM Engineering and Management, Inc. 
Bishop, CA and Phoenix, AZ 

Senior Hydrologist 1998 – 2001 

Woodward-Clyde Consultants 
Santa Ana, CA and Phoenix, AZ 

Associate 1996 – 1998 

Sr. Project Hydrologist 1993 – 1996 

Luhdorff & Scalmanini Consulting Engineers 
Woodland, CA 

Principal Hydrologist 1991 – 1993 

Senior Hydrologist 1988 – 1991 

Inyo County Water Department 
Bishop, CA (now in Independence, CA) 

County Hydrologist 1985 – 1988 

Geothermal Surveys, Inc. 
South Pasadena, CA 

Hydrologist 1983 – 1985 

University of Arizona 
Tucson, AZ 

Research Assistant 1982 – 1983 

Mobil Oil Corporation 
Denver, CO and Glendive, MT 

Hydrologist 1981 

Metropolitan Water District of Southern California 
Yorba Linda, California 

Intern 1979 
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REPRESENTATIVE CONSULTING EXPERIENCE SINCE 2011 
 
Groundwater Model of Rincon and Mesilla Basins (New Mexico, Texas, 
Mexico) 
Developed a groundwater model using MODFLOW-USG along with associated pre- 
and post-processors as an expert witness for the State of Texas for the Texas v. 
New Mexico litigation.  The primary issue of the litigation is the impact of 
groundwater pumping on Rio Grande streamflow.  The model uses a variable grid of 
Voronoi cells and incorporated data and information on historic surface water and 
groundwater use for irrigation.  (2012 to present) 
 
Groundwater Management Plan for Middle Pecos Groundwater Conservation 
District 
Consultant to the Middle Pecos Groundwater Conservation District in Pecos County, 
Texas in the preparation of an update to their management plan.  This assignment 
required revising the previous plan in terms of format and content to reflect updated 
policies related to updated management zone boundaries, special permit conditions, 
and comparisons of monitoring data to adopted desired future conditions.  A review 
draft plan was prepared and approved by the Texas Water Development Board with 
no changes.  After a public hearing, the plan was approved by the District Board of 
Directors, and final administrative completeness approval was obtained by the 
Texas Water Development Board. (2020) 
 
Update to Groundwater Availability Model for the Southern Carrizo-Wilcox 
Aquifer 
Principal Hydrogeologist for a team of consultants developing an updated flow 
model for the Southern Carrizo-Wilcox Aquifer (GMA 13 area of Texas) under a 
contract with the Texas Water Development Board.  The updated model uses 
MODFLOW 6 and will address documented issues with the current model related to 
outcrop area calibration, surface water-groundwater interactions, and application to 
long-term predictive simulations. (2019 to present) 
 
Update to Groundwater Availability Model for the Northern Carrizo-Wilcox 
Aquifer 
Principal Hydrogeologist for a team of consultants developing an updated flow 
model for the Northern Carrizo-Wilcox Aquifer (GMA 11 area of Texas) under a 
contract with the Texas Water Development board.  The updated model uses 
MODFLOW 6 and will address documented issues with the current model related to 
outcrop area calibration, surface water-groundwater interactions, and application to 
long-term predictive simulations. (2017 to present) 
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Groundwater Monitoring Thresholds in Pecos County, Texas 
Reviewed historic groundwater data and model results to develop a groundwater 
monitoring plan, including regulatory thresholds for eleven specific monitoring wells. 
The regulatory thresholds were used in the settlement of several years of litigation 
between the Middle Pecos Groundwater Conservation District and a permit 
applicant.  Work on implementing the settlement continues with the development of 
an expanded monitoring program, including expansion of establishing a baseline of 
groundwater quality, spring flow, and vertical gradients. (2017 to present) 
 
Joint Planning in Groundwater Management Areas 2, 3, 4, 7, and 11 (3rd 
Round) 
Consultant for GMAs 2, 3, 4, 7, and 11 to develop updated desired future conditions. 
Included in this effort are the review of aquifer conditions and uses, review of water 
management strategies, review of hydrologic information and data, developing 
future pumping estimates, running alternative simulations with the Groundwater 
Availability Models, and preparing explanatory reports. (2019 to present) 
 
Lower Colorado River Authority Groundwater Permit Contested Case Hearing  
Consultant for the General Manager of the Lost Pines Groundwater Conservation 
District.  The Lower Colorado River Authority (LCRA) submitted eight applications to 
the Lost Pines Groundwater Conservation District seeking authorization to withdraw 
25,000 acre-feet of water per year from eight wells in Bastrop County.  Dr. 
Hutchison was retained an expert witness for the General Manager of the Lost Pines 
Groundwater Conservation District for a contested case hearing before the Texas 
State Office of Administrative Hearings.  Dr. Hutchison prepared an expert report 
and pre-filed written testimony regarding the use of models to evaluate potential 
impacts of the proposed pumping.  As part of the assignment, Dr. Hutchison 
reviewed model runs completed by the applicant’s and protesting parties’ experts.  
Specifically, Dr. Hutchison processed model output to assess surface water-
groundwater interaction impacts, provided predicted impacts to over 2,600 
registered wells in the District, and processed model output to provide predicted 
impact to 39 monitoring wells for use in future monitoring.  Dr. Hutchison was 
deposed on the expert report and pre-filed testimony and testified at the hearing.  In 
a Proposal for Decision, the Administrative Law Judges recommended that the Lost 
Pines Groundwater Conservation District issue the Operating and Transport Permits 
with some recommended changes.  The Lost Pines Groundwater Conservation 
District has not yet acted on the application. (2019 to present) 
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Groundwater Model for Pecos County, Texas 
Developing a groundwater model that covers all aquifers in Pecos County.  The five 
aquifers in the county are covered in four regional groundwater models which limits 
the ability to fully understand the vertical connection between the aquifers.  Initial 
geologic work to focus and improve the complex faulting and structure has been 
completed by other District consultants.  Work on developing a numerical 
groundwater flow model is underway and should be completed in late 2021. (2019 to 
present) 
 
Groundwater Management Activities in Kinney County, Texas 
Completed a management plan update, reviewed permit applications, and initiated a 
data collection effort in Kinney County for the Kinney County Groundwater 
Conservation District. Currently developing an updated groundwater flow model of 
Kinney County that will be used for management initiatives and rules revisions. 
(2013 to present) 
 
Joint Planning in Groundwater Management Areas 2, 3, 4, 7, 11, and 13 (2nd 
Round) 
Consultant for GMAs 2, 3, 4, 7, 11 and 13 to develop updated desired future 
conditions.  Included in this effort were the review of aquifer conditions and uses, 
review of water management strategies, review of hydrologic information and data, 
developing future pumping estimates, running alternative simulations with the 
Groundwater Availability Models, and preparing explanatory reports. (2012 to 2018) 
 
Groundwater Flow and Transport Model of Lower Rio Grande Valley 
Principal Hydrogeologist for a team of consultants that developed a flow and 
transport model for the Lower Rio Grande Valley using MODFLOW-USG under a 
contract for the Texas Water Development Board.  The model objectives included 
the simulation of 23 water management strategies related to proposed fresh 
groundwater development and brackish groundwater desalination plants.  
Simulation results included quantitative estimates of groundwater elevation 
changes, changes in salinity, and impacts to surface water flows. (2015 to 2017). 
 
Groundwater Model Reviews in Pecos County, Texas 
Reviewed two existing groundwater models for Middle Pecos Groundwater 
Conservation District: one developed by the USGS in 2014 and one developed by a 
team of consultants in 2011.  The models were evaluated in terms of how they could 
be used for predictive simulations in support of developing desired future conditions 
and in support of permit applications. (2016 to 2017) 
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Joint Planning Support for Bluebonnet Groundwater Conservation District and 
Lower Trinity Groundwater Conservation District 
Dr. Hutchison has provides consulting services to the Bluebonnet Groundwater 
Conservation District (Austin, Grimes, Waller and Walker counties) and the Lower 
Trinity Groundwater Conservation District (Polk and San Jacinto counties) to support 
the joint planning process in Groundwater Management Area 14.  Completed 
analyses and simulations related to a proposal to revise the desired future 
conditions pursuant to a request by Lone Star Groundwater Conservation District. 
The request to revise the desired future conditions adopted in 2016 was part of the 
settlement of litigation over the reasonableness of the desired future conditions.  
The requested revision was reviewed and documented, and various alternative 
revisions were simulated using inverse runs of the Groundwater Availability Model to 
provide perspective on the requested revision. Work continues in the support of 
these districts in the development of new desired future conditions by Groundwater 
Management Area 14. (2018 to present) 
 
Groundwater Availability Model Development using MODFLOW-USG 
As a consultant to the Hickory Underground Water Conservation District No. 1, Dr. 
Hutchison worked with staff of the Texas Water Development Board in the 
development of the Groundwater Availability Model for the Llano Uplift Aquifers.  
This model was developed with MODFLOW-USG.  (2013 to 2016) 
 
Hydrogeologic Study of Val Verde County, Texas 
Completed a hydrogeologic study of the Edwards-Trinity (Plateau) Aquifer in Val 
Verde County for the County of Val Verde and City of Del Rio.  The study included 
developing, calibrating, and applying a groundwater flow model of the area to 
assess impacts of proposed pumping on local spring flow and Rio Grande flows. 
(2013 to 2014) 
 
Subsidence Analysis for Bluebonnet Groundwater Conservation District  
As part of a rules revision that simplified the permitting process for small diameter 
wells and included more detailed requirements to consider subsidence analysis in 
the permit review process, simulations have been completed to estimate the 
maximum pumping that would avoid subsidence using the Houston Area 
Groundwater Model, which had been adopted by TWDB as the Groundwater 
Availability Model for the northern portion of the Gulf Coast Aquifer. (2014 to 2015) 
 
Comparison of Groundwater Monitoring Data with Groundwater Model Results 
As part of the current round of joint groundwater planning, completed assignments 
for groundwater conservation districts in Groundwater Management Area 9 and 
Groundwater Management Area 13 to compare groundwater monitoring data with 
groundwater model results from the desired future conditions process.  These efforts 
examined, in detail, the various assumptions used in developing the initial round of 
desired future conditions adopted in 2010. (2012 to 2013) 
 

TX_MSJ_000675



Attachment 1 
William R. Hutchison, Ph.D., P.E., P.G. 

Page 6 of 18 

 
 
Groundwater Model Review Panel 
Participated as a member of the Groundwater Review Panel for the Edwards Aquifer 
Authority related to the new finite element model being developed for the Edwards 
Aquifer by Southwest Research Institute. (2012 to 2015) 
 
Groundwater Transport Permit Review 
A private landowner submitted a permit application to transport 22,500 acre-feet per 
year of groundwater from Austin and Waller Counties to the cities of Richmond and 
Rosenberg in Fort Bend County.  Dr. Hutchison completed the technical review of 
the application for the Bluebonnet Groundwater Conservation District as part of a 
contested case hearing. The applicant subsequently withdrew the application. (2012 
to 2014) 
 
Well Classification Study and Hydrogeologic Report Guidelines Update 
Over 2,500 wells in the Bluebonnet Groundwater Conservation District (Austin, 
Grimes, Waller and Walker Counties) were evaluated to determine the aquifer 
completion interval by comparing the screened interval with various groundwater 
models of the region (Carrizo-Wilcox, Queen City, Sparta, Yegua-Jackson, and Gulf 
Coast).  The results of this evaluation were used to update and enhance the review 
process of permit applications submitted to the district. (2012 to 2014) 
 
Rules Update for Bluebonnet Groundwater Conservation District  
Based on the well classification study and the review of the groundwater transport 
permit (please see above), the Board of Directors completed a revision to the district 
rules that simplified the permitting process for small diameter wells and included 
more detailed requirements to consider subsidence analysis in the permit review 
process.  (2014) 
 
Groundwater Management Plan for Red River Groundwater Conservation 
District 
Consultant to the Red River Groundwater Conservation District in Fannin and 
Grayson Counties in the preparation of their initial management plan.  This 
assignment required compiling and organizing the goals, objectives, and 
performance measures from management plans of neighboring districts, preparing a 
handout for Board members, and reviewing the various approaches with the Board 
in an open workshop session.  Based on the discussion, a draft plan was prepared 
and approved by the Board.  The review draft was subsequently approved by the 
Texas Water Development Board with no changes.  The public hearing and final 
approval were completed by District personnel as a means of reducing costs. (2012) 
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Mine Dewatering Groundwater Pumping Permit 
Hickory Underground Water Conservation District No. 1 received a permit 
application from Premier Silica LLC to pump groundwater for dewatering associated 
with an expansion of an existing aggregate mine in the Brady area.  Dr. Hutchison 
was retained to review the groundwater model that has been developed in support 
of the permit application, and to review the impact of the proposed pumping on the 
adopted desired future condition for the Hickory Aquifer. (2012 to 2013) 
 
Evaluation of a Proposed Groundwater Development Project in East Texas 
Completed an evaluation of potential effects of a proposed groundwater 
development project located in Anderson, Cherokee, and Houston counties in east 
Texas for the Neches & Trinity Valleys Groundwater Conservation District.  
Consultants for the project proponents and the Texas Water Development Board 
(TWDB) had previously completed simulations of the proposed pumping using the 
Groundwater Availability Model (GAM) of the Northern Carrizo-Wilcox Aquifer.  
Neches & Trinity Valleys Groundwater Conservation District asked for the 
completion of three tasks: 1) review TWDB GAM run reports, including the GAM run 
model run that was used to establish Desired Future Conditions, and the GAM run 
that was used to evaluate the regional effects of the proposed project, 2) extend the 
previous analyses of the project proponent’s consultant and the TWDB by 
evaluating the effects of the proposed pumping on specific wells, and 3) recommend 
and monitoring network.  The analysis was presented to the Neches & Trinity 
Valleys Groundwater Conservation District and was presented at the GMA 11 
petition hearing in February 2012. (2011 to 2012) 
 
Evaluation of Groundwater Availability using Groundwater Budget Analysis 
Completed a groundwater budget analysis to provide data and information 
pertaining to groundwater availability for a private property owner in California.  The 
analysis involved identifying and quantifying individual components of the inflows to 
and outflows from the defined area.  Based on an analysis of precipitation and 
groundwater elevation changes, a series of historic groundwater budgets were 
developed for 20-year periods ranging from 1949-1968 to 1991-2010.  The analysis 
was extended to estimate changes to the groundwater budget, generally, and 
groundwater elevations, specifically under alternative groundwater pumping 
scenarios from the subject property. (2011 to 2012) 
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REPRESENTATIVE AGENCY EXPERIENCE (EPWU and TWDB, 
2001 to 2011) 
 

Joint Groundwater Planning in Texas (1st Round) 
In 2005, the Texas Legislature adopted HB 1763, which required that groundwater 
conservation districts within each groundwater management area adopt desired 
future conditions by September 1, 2010.  The Texas Water Development Board 
provided technical assistance to this process.  As Director of the Groundwater 
Resources Division, Dr. Hutchison was responsible for coordinating the effort of 
division staff and took the lead in 9 of the 15 Groundwater Management Areas.  
Technical support included developing and running groundwater models to estimate 
impacts of alternative pumping scenarios and attending meeting to discuss and 
interpret the results of these analyses.  Partly because of the technical support 
provided by the Groundwater Resources Division staff, all desired future conditions 
were adopted prior to the statutory deadline. (2009 to 2010) 
 
Challenges to the Reasonableness of Desired Future Conditions in Texas 
Prepared technical reports related to petitions challenging the reasonableness of 
desired future conditions for Groundwater Management Area 1 (Ogallala Aquifer) 
and Groundwater Management Area 9 (Edwards Group of the Edwards-Trinity 
(Plateau) Aquifer).  These petitions were filed with the Texas Water Development 
Board in accordance with statute and agency rules.  The technical analysis was 
submitted to the Board for consideration in their deliberations as to the 
reasonableness of the adopted desired future condition. (2009 to 2010) 
 
Modeled Available Groundwater Development in Texas 
Managed development of modeled available groundwater estimates that were 
based on the desired future conditions adopted by the groundwater conservation 
districts.  These estimates, required by statute, include estimating the total pumping 
that will achieve the desired future condition and estimating the exempt use of the 
area.  Prior to the 2011 legislative session, these estimates were termed Managed 
Available Groundwater, and represented the amount of groundwater available for 
permitting, and were calculated as the total pumping minus the exempt use. (2010 
to 2011) 
 
Update of the Hueco Bolson Model in Chihuahua, New Mexico and Texas 
Completed an update of the USGS model of the Hueco Bolson (Texas, New Mexico, 
and Chihuahua) by extending the model period to 2002.  The model was used to 
complete simulations of alternative groundwater management strategies.  Based on 
the results of this work, recommendations were developed regarding long-term 
groundwater management strategies for the Hueco Bolson. (2001 to 2003)   
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Groundwater Availability Model Updates in Texas 
Completed updates to groundwater availability models in support of the Joint 
Groundwater Planning Process in Texas.  Updated models included: Dockum 
Aquifer, Edwards-Trinity (Plateau) Aquifer and Pecos Valley Aquifer, Barton Springs 
Segment of the Edwards (Balcones Fault Zone) Aquifer, Kinney County portions of 
the Edwards (Balcones Fault Zone) Aquifer and Edwards-Trinity (Plateau) Aquifer, 
and Southern Gulf Coast Aquifer (GMA 16 portion).  These models were updated 
because the existing models proved to be inadequate for assisting the groundwater 
conservation districts in developing desired future conditions. (2009 to 2010) 
 
Groundwater Model of the Dell City, Texas Area 
Developed a regional groundwater flow model covering a large area in Hudspeth 
and Culberson Counties, Texas and Otero County, New Mexico.  This objective of 
this groundwater model was to develop a more complete understanding of the 
hydrogeology of the karstic aquifer in the region, and develop data and information 
related to acquiring property and water rights for a potential groundwater importation 
project for the City of El Paso. In 2016, the model was adopted by the Texas Water 
Development Board as the official Groundwater Availability Model for the Bone 
Spring-Victorio Peak Aquifer. (2001 to 2008) 
 
Hueco Bolson Evaluation, Texas 
Completed analyses of groundwater flow and groundwater quality of the Hueco 
Bolson covering west Texas, southern New Mexico, and northern Chihuahua.  
These analyses included evaluating historic groundwater flow patterns, mapping 
current groundwater quality in three dimensions, evaluating historic groundwater 
quality changes caused by pumping, and changes in the groundwater budget 
including induced inflow from the Rio Grande.  Prepared comprehensive report of 
findings that was peer reviewed by a 5-member panel.  Results included the finding 
that the reduction in groundwater pumping from 1989 to 2002 had fundamentally 
changed conditions in the Hueco Bolson.  Moreover, the assumptions that were the 
foundation of a conclusion made in a 1979 analysis (depletion of fresh groundwater 
by 2030) were no longer applicable. (2001 to 2004) 
 
Mesilla Bolson Groundwater Management, El Paso, Texas 
Completed analyses of groundwater flow and groundwater quality of the Mesilla 
Bolson in west Texas and southern New Mexico.  These analyses included 
evaluating previous groundwater models developed for a variety of objectives and 
analyzing the role of the Rio Grande in the recharge of the Mesilla.  As a result of 
the analyses a series of piezometers were constructed to improve data coverage 
and long-term monitoring of the area.  In addition, limitations to previous models 
were identified, and work is currently underway to better incorporate the known 
hydrostratigraphy in an updated and improved model of the area. (2001 to 2009) 
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Model Documentation of Groundwater Availability Models in Texas 
Completed documentation of the Hueco Bolson and Mesilla Bolson groundwater 
flow models (Texas, New Mexico, and Chihuahua).  These models had been 
previously developed and were designated as official Groundwater Availability 
Models (GAM) for the Hueco-Mesilla Aquifer by the Texas Water Development 
Board.  Documentation was needed to fully satisfy the requirements of the Texas 
Water Development Board. (2001 to 2004) 
 
Brackish Groundwater Well Location, El Paso, Texas 
Completed analyses of the Hueco Bolson related to locations of new wells for use in 
the Kay Bailey Hutchison Desalination Plant, a joint project between El Paso Water 
Utilities and Fort Bliss.  After initial concerns were raised by Fort Bliss, an 
investigation was completed in cooperation with the US Army Corps of Engineers to 
evaluate five alternative well field locations.  The wells were sited to meet the dual 
objectives of producing a targeted quantity of brackish groundwater for treatment 
and establishing a hydraulic barrier to prevent further movement of brackish 
groundwater into areas with municipal wells. Based on this analysis, an alternative 
was selected and agreed upon. (2003) 
 
Desalination Concentrate Injection Wells in El Paso, Texas 
Completed preliminary analyses of impacts from injection wells that were proposed 
for use as part of the Kay Bailey Hutchison Desalination Plant in El Paso, Texas.  
The analyses included the development of a simple numerical flow model based on 
a subsurface geologic model developed by researchers at UTEP from gravity data 
and on the results from slug tests completed during a test hole drilling project funded 
and managed by the US Army Corps of Engineers.  These analyses were 
incorporated into the Environmental Impact Statement (EIS) for the overall project.  
Based on the results of the analysis, a full-size injection well was constructed and 
tested to obtain better data to support authorization from the Texas Commission on 
Environmental Quality (TCEQ) under the Underground Injection Control (UIC) 
program.  Once authorization was obtained, two additional wells were constructed, 
and all three wells were equipped and tested. Issues related to the potential for 
mineral precipitation in the well bores and reservoir were evaluated with a 
combination of geochemical modeling, experiments with formation samples, 
formation water and concentrate, and monitoring of initial operation. (2004 to 2009) 
 
Simulations of Potential Desalination Plant in Mission Valley, El Paso, Texas 
Completed a preliminary analysis of a proposed desalination plant in the Mission 
Valley area of El Paso.  This analysis consisted of simulating three potential 
configurations of well fields to assess impacts to groundwater elevations and 
gradients, and to estimate potential impacts to the groundwater budget of the area.  
Based on this analysis, and a companion engineering analysis completed by a 
consultant, future pre-design work was recommended. (2003) 
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Impacts of Climate Variability and Climate Change in El Paso, Texas 
Analyzed the reliability of El Paso’s municipal water supplies under a wide range of 
climate scenarios, including integration of the Intergovernmental Panel on Climate 
Change (IPCC) projections for the region.  Because El Paso practices conjunctive 
use management, the analysis included evaluation of impacts to both surface water 
(Rio Grande) and groundwater impacts. The analysis included developing simulated 
Rio Grande flows entering Elephant Butte reservoir based on a published 1000-yr 
tree ring record, developing a simple reservoir operations model to estimate 
Elephant Butte outflows and El Paso municipal diversions, estimating groundwater 
pumping, and simulating groundwater storage changes using a groundwater model. 
A total of 60 climatic scenarios were developed.  Each scenario was simulated 
under 958 50-year simulations for a total of 57,480 simulations.  The results 
demonstrated the effectiveness of the investments in water infrastructure and the 
efficacy of the management approach that has been developed over the last several 
decades in meeting municipal water demands over a wide range of climatic 
conditions. (2007 to 2008) 
 
Region E Water Planning, Far West Texas 
Developed the conceptual approach of an Integrated Water Management Strategy 
for El Paso County that was used in the 2005 Regional Water Plan for Far West 
Texas.  Working with Far West Texas Regional Planning Group and their 
consultants, the conceptual plan was used to develop six specific alternatives 
designed to meet expected increased water demands in El Paso County through 
2060.  Alternatives ranged from reliance on single existing sources to a balanced 
approach that relied on numerous sources, including importation from Hudspeth, 
Culberson, Jeff Davis, and Presidio Counties.   (2004 to 2005) 

Well Construction 
Managed a well construction and equipping program while employed by El Paso 
Water Utilities that resulted in: 

- Drilling of 50 test holes 
- Construction of 14 monitoring wells 
- Construction of 3 multi-zone piezometers 
- Construction and equipping of 16 fresh groundwater production wells 
- Construction and equipping of 32 brackish groundwater production 

wells  
 

Well designs and construction management were completed in-house.  Equipping 
design and construction management were supervised through a consulting 
engineer. (2001 to 2009) 
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REPRESENTATIVE CONSULTING EXPERIENCE (1983 to 2001) 
 
Owens Valley, California 
Hydrology consultant to the Inyo County (California) Board of Supervisors, Water 
Department, Water Commission and Environmental Health Department from 1985 
to 1999 on issues related to water resources management and protection in the 
Owens Valley and Death Valley regions, including a key role in the development and 
negotiation of an historic water management agreement between Inyo County and 
the City of Los Angeles for the Owens Valley and the preparation of the associated 
environmental documentation.  Assignments also included review and analysis of 
the Anheuser-Busch groundwater export project in the Cartago area, review and 
analysis of the groundwater pumping proposed by OLSAC in the Cottonwood Creek 
area, review and analysis of the groundwater export project proposed by Western 
Water in the Olancha area, and many others.  Many of these assignments included 
the development and application of groundwater models and the development of 
monitoring networks and environmental triggers and thresholds to manage the 
pumping operations. (1985 to 1999) 
 
Owens Valley Indian Reservation Groundwater Modeling 
Completed local scale groundwater models of three Indian Reservations in the 
Owens Valley, California.  The regional model developed by the USGS was used as 
a starting point for these models.  The initial phase consisted of using Telescopic 
Mesh Refinement to define the boundary conditions of the three local scale models. 
Subsequent phases included enhancing and updating the local scale models.  The 
preliminary model of the Big Pine area was used to evaluate potential increases in 
pumping that are associated with the Big Pine Ditch System project. (2000 to 2006) 
 
Los Angeles Aqueduct Simulation Model 
Consultant to the California State Water Resources Control Board related to the 
Mono Basin Water rights decision, a court ordered review of water rights licenses 
held by the City of Los Angeles.  Working in partnership with State Board staff and 
Board members, hydrologic analyses were completed, and a simulation model 
(LAAMP) of the Mono Basin and Los Angeles Aqueduct system was developed and 
applied to evaluate the impacts of alternative water rights decisions.  The simulation 
model was accepted by all parties involved in the process and was ultimately used 
in the final water rights decision that resulted in decreased diversions in order to 
maintain fish flows and restore lake elevation. (1992 to 1994) 
 
 
 
 
 
 
 

TX_MSJ_000682



Attachment 1 
William R. Hutchison, Ph.D., P.E., P.G. 

Page 13 of 18 

 
 
Tri-Valley Groundwater Evaluation, Mono County, California 
Completed a preliminary groundwater model for the Tri-Valley Groundwater 
Management District in Mono County, California.  This model was based on existing 
data and was used to preliminarily evaluate the potential impacts of a proposed 
groundwater export project.  Based on the model results, additional data 
requirements were identified and recommended for Phase 2 of the project. (2000 to 
2001) 
 
Evaluation of Impacts of Increased Capacity of Salinas Dam, California 
Completed analyses related to the evaluation of potential downstream impacts of 
increased storage capacity of the Salinas Dam in central California.  These analyses 
included estimates of reduced spills associated with the increased storage, 
evaluating the relationship of river flows and groundwater levels in the Atascadero 
area, and estimating potential groundwater level impacts that may result from the 
reduced spills.  The analyses were summarized in an Environmental Impact Report, 
and in several technical appendices to the EIR.  Because the work involved 
modification of a water right held by the City of San Luis Obispo, expert witness 
testimony was given at the California State Water Resources Control Board. (1997 
to 1999)  
 
Aggregate Mine Expansion, Ventura County, California 
Consultant to Ventura County (California) Resource Management Agency on the 
analysis of potential hydrologic impacts of the expansion of an aggregate mine. 
Concerns had been raised about the potential impact of the mine expansion on 
seawater intrusion and nitrate contamination.  The assignment began with the 
review of a groundwater model prepared by the project proponent’s consultant.  As 
a result of the review, the existing analyses was expanded with the development of 
a site-specific groundwater model to enhance the simulation of the potential impacts 
on nearby spreading facilities, the development of a solute transport model, the 
completion of a risk assessment of potential groundwater pollution, and the 
preparation of the water resources and water quality sections of an Environmental 
Impact Report. (1995 to 1996) 
 
Simulation of Impacts of Tunnel Construction, California 
Developed a finite element model for the Metropolitan Water District of Southern 
California using FRAC3DVS to simulate groundwater inflow during the construction 
of the Inland Feeder East Tunnel near San Bernardino, California.  The model was 
calibrated under steady-state conditions using groundwater level data from 
geotechnical boreholes constructed during the design-phase geotechnical 
investigation.  The model was calibrated under transient conditions using tunnel 
inflow data and groundwater level changes caused by groundwater inflow into the 
tunnel.  Based on the model results, recommendations were made regarding 
grouting operations for later phases of construction. (1996 to 2002) 
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Los Osos Groundwater Model 
Updated and enhanced a groundwater model and developed a groundwater 
management plan for the three water purveyors in Los Osos, California (Southern 
California Water Co, S&T Mutual Water Company, and Los Osos Community 
Services District).  The original model had been developed in 1987 by the USGS, 
and the updated version was used to address specific management questions 
related to construction and operation of a sewer project, seawater intrusion, 
conjunctive use strategies, and the need to import surface water. (1997 to 2000) 

 
San Benito County Groundwater Evaluation, California 
Conducted a countywide evaluation of the groundwater resources of San Benito 
County, California. This effort included the evaluation of surface water and 
groundwater quantity and quality, development and calibration of a basin wide 
numerical model of the groundwater system, and the evaluation of recharge patterns 
altered by the delivery of supplemental surface water, some of which is used for 
direct groundwater recharge.  At the completion of the model and report, expert 
witness testimony was given in a groundwater rights lawsuit between a developer 
and the local water district.  Four years after the model was completed, the County 
requested that the model be updated and enhanced. (1991 to 1992, 1996) 
 
San Luis Obispo Groundwater Evaluation 
Completed analyses related to a proposed increase in groundwater pumping in the 
San Luis Obispo area of central California.  The initial analysis consisted of 
integrating potential local groundwater pumping increases into the reservoir 
operations planning model used by the City of San Luis Obispo to identify 
conjunctive use opportunities and limitations.  The second phase of the analysis 
consisted of developing and calibrating a groundwater model of the entire 
groundwater basin.  This model was then used to identify potential impacts of 
increased pumping on groundwater levels in nearby wells, potential reductions in 
streamflow, and potential subsidence effects. (2000 to 2001) 
 
Groundwater Management Spreadsheet Models 
Developed management tools in the form of empirical models that can be run in a 
spreadsheet format for the Soquel Creek Water District in central California, and the 
Vista Irrigation District in southern California.  The models were designed to provide 
a tool for Soquel Creek Water District to manage their groundwater pumping with 
the objective of preventing seawater intrusion, and by Vista Irrigation District to 
conjunctively use local surface water, local groundwater, and imported water (1988 
to 1991). 
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Cadiz Valley Groundwater Exploration and Development 
Completed a comprehensive groundwater exploration and development project in 
the Cadiz Valley near the Fenner Gap in the Mojave Desert region of southeastern 
California.  Exploration work included review of available information and data on 
groundwater conditions and geology.  An extensive geophysical study using shallow 
ground temperatures was completed and results were used to select drilling sites.  
Three test holes were drilled, and two production wells were constructed and tested. 
 Based on the results of the investigations, a report was prepared, and a 
groundwater budget of the area was estimated.  Sixteen years later, assisted the 
Metropolitan Water District of Southern California in the review of a proposed 
groundwater storage and recovery project in the Cadiz Valley.  As part of this 
assignment, the groundwater model that had been developed to evaluate the 
feasibility and potential impacts of the project was modified and enhanced. (1983 to 
1984, 2000 to 2001) 
 
Groundwater Storage Project Evaluation in Southeastern California 
Developed groundwater models for four basins in southeastern California to 
evaluate the feasibility of storing Colorado River water for the Metropolitan Water 
District of Southern California.  These models were used to simulate the storage of 
water in wet years, “holding” the water for 5 to 10 years, then extracting after the 
“hold” period.  Models were developed for the Hayfield, Palen, Chuckwalla, and Rice 
Valleys.  Based on the initial modeling work, a focused field investigation was 
completed in the Hayfield Valley are, the site chosen as the most desirable. (1996 to 
2001) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TX_MSJ_000685



Attachment 1 
William R. Hutchison, Ph.D., P.E., P.G. 

Page 16 of 18 

 
 
PEER REVIEWED PUBLICATIONS 
 

Druhan, Jennifer L., Hogan, James F., Eastoe, Christopher J., Hibbs, Barry J., and 
Hutchison William R., 2008.  Hydrogeologic Controls on Groundwater 
Recharge and Salinization: A Geochemical Analysis of the Northern Hueco 
Bolson Aquifer, El Paso, Texas, USA.  Hydrogeology Journal, Vol. 16, No. 2, 
pp. 281-296. 

Eastoe, Christopher J., Hibbs, Barry J., Granados-Olivas, Alfredo, Hogan, James F., 
Hawley, John, and Hutchison, William R., 2008.  Isotopes in the Hueco 
Bolson Aquifer, Texas (USA) and Chihuahua (Mexico): Local and General 
Implications for Recharge Sources in Alluvial Basins.  Hydrogeology Journal, 
Vol. 16 No. 4, pp.737-747.  

Eastoe, Christopher J., Hutchison, William R., Hibbs, Barry J., Hawley, John, and 
Hogan, James F., 2010.  Interaction of a River with an Alluvial Basin Aquifer: 
Stable Isotopes, Salinity and Water Budgets.  J. Hydrol. 
doi:10.1016/j.jhydrol.2010.10.012. 

Hutchison, William R., 2006.  Groundwater Management in El Paso, Texas.  Ph.D. 
Dissertation, The University of Texas at El Paso.  Obtainable at 
http://www.dissertation.com/book.php?method=ISBN&book=1581123280 

Hutchison, William R. and Hibbs, Barry J., 2008.  Ground Water Budget Analysis 
and Cross-Formational Leakage in an Arid Basin.  Ground Water, Vol. 46, 
No. 3, pp. 384-395.  

 

OTHER PUBLICATIONS (e.g. Conference Proceedings, Magazine 
Articles) 
 

Hibbs, Barry J. and Hutchison William R., 2006.  Environmental Isotopes and 
Numerical Models Estimate Induced Recharge in the El Paso/Juarez Area.  
In:  Increasing Freshwater Supplies, 2006 UCOWR/NIWR Annual 
Conference Proceedings, Santa Fe, New Mexico.  

Hutchison, William R., 2006.  Desalination of Brackish Groundwater and Deep Well 
Injection of Concentrate in El Paso, Texas.  In:  Stars of the Future, Reuse & 
Desalination, 2006 WateReuse Association Annual Symposium Proceedings. 

Hutchison, William R., 2006.  Integrated Water Management Strategies for the City 
and County of El Paso.  In: Increasing Freshwater Supplies, 2006 
UCOWR/NIWR Annual Conference Proceedings, Santa Fe, New Mexico. 

Hutchison, William R., 2007.  El Paso Groundwater Desalination Project: Initial 
Operation.  Water Reuse and Desalination, As Bright as the Florida Sun, 
2007 WateReuse Association Annual Symposium Proceedings. 

Hutchison, William R., 2008.  Deep Well Injection of Desalination Concentrate in El 
Paso, Texas.  Southwest Hydrology, Vol. 7, No. 2, March/April 2008, pp. 28-
30. 
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Hutchison, William R., 2008.  Desalination of Brackish Groundwater and Deep Well 

Injection of Concentrate in El Paso, Texas.  Texas WET, Vol. 25, No. 5, 
September 2008, pp. 5-8. 

Norman, Monique and Hutchison, William R., 2020.  Groundwater Management 
Area Joint Planning.  Chapter 21 of Sahs, Mary K (ed.), Essentials of Texas 
Water Resources, Sixth Edition, State Bar of Texas, Environmental & Natural 
Resources Law Section. 

 
AGENCY REPORTS (2002-present) 
 

Hutchison, William R., 2002.  Documentation of Files for Steady State and Annual 
Versions of Groundwater Flow Model of Hueco Bolson.  El Paso Water 
Utilities Hydrogeology Report 02-01.  

Hutchison, William R., 2002.  Conceptual Model of the Groundwater Flow System, 
Bone Spring-Victorio Peak Aquifer, Salt Basin and Diablo Plateau, Hudspeth 
and Culberson Counties, Texas.  El Paso Water Utilities Hydrogeology 
Report 02-02. 

Hutchison, William R., 2003.  Hueco Bolson Groundwater Model Update.  El Paso 
Water Utilities Hydrogeology Report 03-01. 

Hutchison, William R., 2003.  Lower Valley Desalination Well Analysis.  El Paso 
Water Utilities Hydrogeology Report 03-03. 

Hutchison, William R., 2004.  Hueco Bolson Groundwater Conditions and 
Management in the El Paso Area.  El Paso Water Utilities Hydrogeology 
Report 04-01 

Hutchison, William R., 2004.  Documentation of Files for Canutillo Wellfield 
Groundwater Flow Model.  El Paso Water Utilities Hydrogeology Report 04-
03.   

Hutchison, William R., 2008.  Preliminary Groundwater Flow Model, Dell City Area, 
Hudspeth and Culberson Counties, Texas.  El Paso Water Utilities 
Hydrogeology Report 08-01. 

Hutchison, William R., 2008.  Conceptual Evaluation of Surface Water Storage in El 
Paso County.  El Paso Water Utilities Hydrogeology Report 08-02.  Prepared 
for the Far West Texas Regional Planning Group. 

Hutchison, William R., 2017.  Predictive Simulation Report: Lower Rio Grande 
Valley Groundwater Transport Model.  Report Submitted to Texas Water 
Development Board, October 31, 2017. 

Hutchison, William R., Davidson, Sarah C., Brown, Brenner J., and Mace, Robert E. 
(editors), 2009.  Aquifers of the Upper Coastal Plains of Texas.  Texas Water 
Development Board, Report 374.    

Hutchison, William R. and Granillo, Jose A., 2004.  Preliminary Analysis of Impacts 
of Joint Desalination Facility Injection Wells.  El Paso Water Utilities 
Hydrogeology Report 04-02. 
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Hutchison, William R. and Hill, Melissa E., 2011.  Recalibration of the Edwards BFZ 

(Barton Springs Segment) Aquifer Groundwater Flow Model.  Texas Water 
Development Board, Unnumbered report.  

Hutchison, William R.; Hill, Melissa E.; Anaya, Roberto, Hassan, Mohammed M.; 
Oliver, Wade; Jigmond, Marius; Wade, Shirley, 2011.  Groundwater 
Management Area 16 Groundwater Flow Model.  Texas Water Development 
Board, Unnumbered report. 

Hutchison, William R.; Jones, Ian C.; Anaya, Roberto; and Jigmond, Marius, 2011. 
Update of the Groundwater Availability Model for the Edwards-Trinity 
(Plateau) and Pecos Valley Aquifers.  Texas Water Development Board, 
Unnumbered report.   

Hutchison, William R., Pease, R. Eric and Hess, Suzanne, 2003.  Joint Desalination 
Facility Blend Well Analysis.  El Paso Water Utilities Hydrogeology Report 
03-02. 

Hutchison, William R.; Shi, Jerry; and Jigmond, Marius, 2011.  Groundwater Flow 
Model of the Kinney County Area. Texas Water Development Board, 
Unnumbered report.  

Jigmond, Marius, Hutchison, William R., Shi, and Jianyou (Jerry), 2014.  Final 
Report: Groundwater Availability Model of the Seymour Aquifer in Haskell, 
Knox, and Baylor Counties.  Texas Water Development Board, Unnumbered 
report. 

Oliver, Wade and Hutchison, William R., 2010.  Modification and Recalibration of 
the Groundwater Availability Model of the Dockum Aquifer.  Texas Water 
Development Board, Unnumbered report. 

Panday, Sorab; Rumbaugh, James; Hutchison, William R.; and Schorr, Staffan; 
2017.  Numerical Model Report: Lower Rio Grande Valley Groundwater 
Transport Model.  Report submitted to Texas Water Development Board, 23 
October 2017. 

Schorr, Staffan; Hutchison, William R.; Panday, Sorab; and Rumbaugh, James, 
2017.  Conceptual Model Report: Lower Rio Grande Valley Groundwater 
Transport Model.  Report submitted to Texas Water Development Board, 
June 30, 2017. 

Shi, Jianyou(Jerry): Boghici, Radu: Kohlrenken, William, and Hutchison, William R., 
2016.  Conceptual Model Report: Minor Aquifers in Llano Uplift Region of 
Texas.  Texas Water Development Board, March 7, 2016, 305p. 

Shi, Jianyou(Jerry): Boghici, Radu: Kohlrenken, William, and Hutchison, William R., 
2016.  Numerical Model Report: Minor Aquifers of the Llano Uplift Region of 
Texas (Marble Falls, Ellenburger-San Saba, and Hickory).  Texas Water 
Development Board, November 4, 2016. 

Wade, Shirley C., Hutchison, William R., Chowdhury, Ali H., and Coker, Doug, 
2011.  A Conceptual Model of Groundwater Flow in the Presidio and Redford 
Bolsons Aquifers.  Texas Water Development Board, August 2011, 102p. 
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Primary 
Role

Secondary 
Role

Bluebonnet GCD Model Southeast Texas in progress
Bone Spring-Victorio Peak Aquifer Dell City area, Texas x x
Canutillo Area West Texas and Southern New Mexico (El Paso area) x x
Capitan Reef Complex Aquifer West Texas x x
Central Carrizo-Wilcox Aquifer (Version 2) Central Texas x x
Central Carrizo-Wilcox Aquifer (Version 3) Central Texas x x
Dockum Aquifer GAM Texas Panhandle, Texas High Plains, and West Texas x x
Dockum Aquifer Alternative GAM Texas Panhandle, Texas High Plains, and West Texas x x
Edwards BFZ (Barton Springs Segment) Aquifer Travis County x x
Edwards BFZ (San Antonio Segment) Aquifer Southwest Texas x x
Edwards-Trinity (Plateau) and Pecos Valley Aquifers West Texas x x
GMA 16 Model Rio Grande Valley (South Texas) x x
Hill Country Central Texas x x
Hueco Bolson (USGS) West Texas, Southern New Mexico, and Mexico x x x
Hueco Bolson Flow and Transport (EPWU) West Texas, Southern New Mexico, and Mexico x x
Kinney County (Version 1) Southwest Texas x x
Kinney County (Version 2) Southwest Texas in progress
Lipan Aquifer GAM Central Texas x x
Llano Uplift Region Central Texas x x
Lower Rio Grande Flow and Transport Model Rio Grande Valley (South Texas) x x
Northern Carrizo-Wilcox Aquifer (Version 2) Northeast Texas x x x
Northern Carrizo-Wilcox Aquifer (Version 3) Northeast Texas in progress x
Northern Gulf Coast Aquifer (HAGM) Southeast Texas x x
Ogallala Aquifer (Northern portion) Texas Panhandle x x
Ogallala Aquifer (Northern portion) Texas High Plains and West Texas x x
Ogallala, Dockum, ETHP Aquifers (HPAS) Texas Panhandle, Texas High Plains, and West Texas x x
Pecos County (USGS) West Texas x x
Pecos County (MPGCD) West Texas in progress
Presidio and Redford Bolsons West Texas x
Rustler Aquifer West Texas x x
Seymour Aquifer North Texas x
Southern Carrizo-Wilcox Aquifer Southwest Texas x x
Southern Carrizo-Wilcox Aquifer (Version 2) Southwest Texas in progress
Val Verde County Southwest Texas x x
Western Pecos County (Harden and others) West Texas x x
West Texas Bolsons and Igneous Aquifer West Texas x x
Yegua-Jackson Aquifer Southwest Texas x x

Attachment 2
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Primary 
Role

Secondary 
Role

Big Pine Area Model Owens Valley, CA x x
Bishop Area Model Owens Valley, CA x x
Cadiz Area Model San Bernadino County, CA x x
Casa Grande Area Model Pinal County, AZ x x
Chuckwalla Valley Model San Bernadino County, CA x x
Hayfield Valley Model San Bernadino County, CA x x
Hollywood Reservoir Groundwater Model Los Angeles County, CA x x
Independence Area Model Owens Valley, CA x x
Inland Feeder Model - Badlands Riverside County, CA x x
Inland Feeder Model - Mountain San Bernadino County, CA x x
Kaweah Area Model Tulare County, CA x
Lone Pine Area Model Owens Valley, CA x x
Los Osos Model San Luis Obispo County, CA x x
Modesto-Turlock Model Stanislaus County, CA x x
Mojave Area Model Kern County, CA x x
Owens Valley Model Owens Valley, CA x x
Palen Valley Model San Bernadino County, CA x x
Piceance Basin Model Western Colorado x
Rice Valley Model San Bernadino County, CA x x
San Benito County Model (original version and update) San Benito County, CA x x x
San Luis Obispo Model San Luis Obispo, CA x x
Swall Meadows Area Model Mono County, CA x x
Tri-Valley Model Mono County, CA x x
Ventura Slice Model Ventura County, CA x x
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DataAnn  sheet of Excel file named Ferguson Rebuttal_revised 9‐15‐20v116.xlsx

Source ILRG ILRG ILRG ILRG ILRG ILRG ILRG ILRG Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
ILRG MODEL RESULTS ILRG MODEL RESULTS

Note Run 1 Run 3 Run 7 Run 6 Run 1 Run 3 Run 7 Run 6 Run 1 Run 3 Run 7 Run 6 Run 3 Run 7 Run 6

Year

El Paso 
Flow 
(Base Run 
1)

El Paso 
Flow (NM 
Pump Off 
Run 3)

El Paso 
Flow (TX 
Mesilla 
Pump Off 
Run 7)

El Paso 
Flow (R‐M 
Pump Off 
Run 6)

Northwes
t WWTP 
Discharge 
(Base Run 
1)

Northwes
t WWTP 
Discharge 
(NM 
Pump Off 
Run 3)

Northwes
t WWTP 
Discharge 
(TX 
Mesilla 
Pump Off 
Run 7)

Northwes
t WWTP 
Discharge 
(R‐M 
Pump Off 
Run 6)

El Paso 
Flow + 
NW (Base 
Run 1)

El Paso 
Flow + 
NW (NM 
Pump Off 
Run 3)

El Paso 
Flow + 
NW (TX 
Mesilla 
Pump Off 
Run 7)

El Paso 
Flow + 
NW (R‐M 
Pump Off 
Run 6)

NM 
Pumping 
Impact (1)

TX Mesilla 
Pumping 
Impact (2)

R‐M 
Pumping 
Impact (3)

NM 
Pumping 
Impact (1) 
/ R‐M 
Pumping 
Impact (3)

TX Mesilla 
Pumping 
Impact (2) 
/ R‐M 
Pumping 
Impact (3)

NM 
Pumping 
Impact (1) 
/ Total 
NM (1) 
plus TX (2) 
Pumping 
Impact

TX Mesilla 
Pumping 
Impact (2) 
/ Total 
NM (1) 
plus TX (2) 
Pumping 
Impact

1938
1939
1940 552,764 552,736 552,741 552,736 0 0 0 0 552,764 552,736 552,741 552,736 ‐29 ‐23 ‐28 101% 83% 55% 45%
1941 458,189 458,465 458,274 458,480 0 0 0 0 458,189 458,465 458,274 458,480 276 86 291 95% 29% 76% 24%
1942 1,504,863 1,505,016 1,504,880 1,505,027 0 0 0 0 1,504,863 1,505,016 1,504,880 1,505,027 153 18 164 93% 11% 90% 10%
1943 576,168 576,288 576,158 576,287 0 0 0 0 576,168 576,288 576,158 576,287 120 ‐10 119 101% ‐8% 109% ‐9%
1944 483,966 483,892 483,811 483,894 0 0 0 0 483,966 483,892 483,811 483,894 ‐73 ‐154 ‐71 103% 217% 32% 68%
1945 545,391 545,480 545,390 545,501 0 0 0 0 545,391 545,480 545,390 545,501 89 ‐1 110 81% ‐1% 101% ‐1%
1946 525,340 525,509 525,407 525,552 0 0 0 0 525,340 525,509 525,407 525,552 169 67 212 80% 32% 72% 28%
1947 496,315 496,458 496,350 496,495 0 0 0 0 496,315 496,458 496,350 496,495 143 36 180 79% 20% 80% 20%
1948 497,678 497,695 497,723 497,745 0 0 0 0 497,678 497,695 497,723 497,745 17 45 68 25% 67% 27% 73%
1949 489,207 489,100 489,233 489,141 0 0 0 0 489,207 489,100 489,233 489,141 ‐107 26 ‐66 162% ‐40% 132% ‐32%
1950 388,095 396,991 389,565 398,474 0 0 0 0 388,095 396,991 389,565 398,474 8,896 1,471 10,379 86% 14% 86% 14%
1951 346,936 358,701 348,284 359,954 0 0 0 0 346,936 358,701 348,284 359,954 11,765 1,348 13,018 90% 10% 90% 10%
1952 314,660 335,827 317,304 340,210 0 0 0 0 314,660 335,827 317,304 340,210 21,167 2,644 25,550 83% 10% 89% 11%
1953 361,452 386,715 366,987 392,726 0 0 0 0 361,452 386,715 366,987 392,726 25,263 5,535 31,274 81% 18% 82% 18%
1954 143,986 224,944 158,128 243,156 0 0 0 0 143,986 224,944 158,128 243,156 80,958 14,142 99,170 82% 14% 85% 15%
1955 83,646 188,363 99,836 200,418 0 0 0 0 83,646 188,363 99,836 200,418 104,717 16,190 116,772 90% 14% 87% 13%
1956 91,244 177,134 103,026 193,876 0 0 0 0 91,244 177,134 103,026 193,876 85,890 11,783 102,633 84% 11% 88% 12%
1957 136,149 224,042 142,952 233,534 0 0 0 0 136,149 224,042 142,952 233,534 87,893 6,803 97,385 90% 7% 93% 7%
1958 335,540 352,935 341,522 359,978 0 0 0 0 335,540 352,935 341,522 359,978 17,395 5,983 24,438 71% 24% 74% 26%
1959 350,524 371,102 358,377 379,188 0 0 0 0 350,524 371,102 358,377 379,188 20,578 7,853 28,664 72% 27% 72% 28%
1960 337,479 358,694 346,849 368,883 0 0 0 0 337,479 358,694 346,849 368,883 21,215 9,370 31,404 68% 30% 69% 31%
1961 314,751 335,711 323,880 346,333 0 0 0 0 314,751 335,711 323,880 346,333 20,960 9,129 31,581 66% 29% 70% 30%
1962 320,866 342,663 330,534 355,578 0 0 0 0 320,866 342,663 330,534 355,578 21,798 9,668 34,712 63% 28% 69% 31%
1963 298,952 330,476 316,856 342,948 0 0 0 0 298,952 330,476 316,856 342,948 31,524 17,904 43,996 72% 41% 64% 36%
1964 110,864 324,072 139,102 343,729 0 0 0 0 110,864 324,072 139,102 343,729 213,207 28,238 232,865 92% 12% 88% 12%
1965 227,718 310,568 272,367 324,660 0 0 0 0 227,718 310,568 272,367 324,660 82,850 44,649 96,942 85% 46% 65% 35%
1966 268,926 335,576 285,188 348,512 0 0 0 0 268,926 335,576 285,188 348,512 66,650 16,262 79,587 84% 20% 80% 20%
1967 181,407 337,919 220,530 360,166 0 0 0 0 181,407 337,919 220,530 360,166 156,512 39,123 178,759 88% 22% 80% 20%
1968 256,788 304,573 271,996 318,787 0 0 0 0 256,788 304,573 271,996 318,787 47,784 15,208 61,998 77% 25% 76% 24%
1969 305,283 370,573 314,412 379,714 0 0 0 0 305,283 370,573 314,412 379,714 65,290 9,129 74,431 88% 12% 88% 12%
1970 334,900 354,894 346,776 367,688 0 0 0 0 334,900 354,894 346,776 367,688 19,994 11,876 32,788 61% 36% 63% 37%
1971 247,193 346,919 268,319 366,280 0 0 0 0 247,193 346,919 268,319 366,280 99,727 21,127 119,087 84% 18% 83% 17%
1972 131,542 270,976 148,230 333,742 0 0 0 0 131,542 270,976 148,230 333,742 139,434 16,688 202,200 69% 8% 89% 11%
1973 278,794 306,691 292,285 319,987 0 0 0 0 278,794 306,691 292,285 319,987 27,897 13,492 41,194 68% 33% 67% 33%
1974 321,260 353,391 333,882 368,076 0 0 0 0 321,260 353,391 333,882 368,076 32,131 12,622 46,816 69% 27% 72% 28%
1975 278,465 343,232 291,794 357,246 0 0 0 0 278,465 343,232 291,794 357,246 64,767 13,328 78,780 82% 17% 83% 17%
1976 287,245 308,193 300,648 322,730 0 0 0 0 287,245 308,193 300,648 322,730 20,948 13,404 35,485 59% 38% 61% 39%
1977 210,882 307,934 275,836 326,288 0 0 0 0 210,882 307,934 275,836 326,288 97,052 64,954 115,406 84% 56% 60% 40%
1978 167,704 261,679 204,697 320,876 0 0 0 0 167,704 261,679 204,697 320,876 93,976 36,993 153,173 61% 24% 72% 28%
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Source ILRG ILRG ILRG ILRG ILRG ILRG ILRG ILRG Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc. Calc.
ILRG MODEL RESULTS ILRG MODEL RESULTS

Note Run 1 Run 3 Run 7 Run 6 Run 1 Run 3 Run 7 Run 6 Run 1 Run 3 Run 7 Run 6 Run 3 Run 7 Run 6

Year

El Paso 
Flow 
(Base Run 
1)

El Paso 
Flow (NM 
Pump Off 
Run 3)

El Paso 
Flow (TX 
Mesilla 
Pump Off 
Run 7)

El Paso 
Flow (R‐M 
Pump Off 
Run 6)

Northwes
t WWTP 
Discharge 
(Base Run 
1)

Northwes
t WWTP 
Discharge 
(NM 
Pump Off 
Run 3)

Northwes
t WWTP 
Discharge 
(TX 
Mesilla 
Pump Off 
Run 7)

Northwes
t WWTP 
Discharge 
(R‐M 
Pump Off 
Run 6)

El Paso 
Flow + 
NW (Base 
Run 1)

El Paso 
Flow + 
NW (NM 
Pump Off 
Run 3)

El Paso 
Flow + 
NW (TX 
Mesilla 
Pump Off 
Run 7)

El Paso 
Flow + 
NW (R‐M 
Pump Off 
Run 6)

NM 
Pumping 
Impact (1)

TX Mesilla 
Pumping 
Impact (2)

R‐M 
Pumping 
Impact (3)

NM 
Pumping 
Impact (1) 
/ R‐M 
Pumping 
Impact (3)

TX Mesilla 
Pumping 
Impact (2) 
/ R‐M 
Pumping 
Impact (3)

NM 
Pumping 
Impact (1) 
/ Total 
NM (1) 
plus TX (2) 
Pumping 
Impact

TX Mesilla 
Pumping 
Impact (2) 
/ Total 
NM (1) 
plus TX (2) 
Pumping 
Impact

1979 279,978 318,719 303,521 334,625 0 0 0 0 279,978 318,719 303,521 334,625 38,741 23,544 54,647 71% 43% 62% 38%
1980 332,070 351,451 348,156 367,674 0 0 0 0 332,070 351,451 348,156 367,674 19,381 16,087 35,604 54% 45% 55% 45%
1981 324,245 348,302 337,129 363,596 0 0 0 0 324,245 348,302 337,129 363,596 24,057 12,883 39,350 61% 33% 65% 35%
1982 329,923 354,723 342,975 368,912 0 0 0 0 329,923 354,723 342,975 368,912 24,800 13,052 38,989 64% 33% 66% 34%
1983 306,563 328,447 319,242 341,751 0 0 0 0 306,563 328,447 319,242 341,751 21,884 12,679 35,188 62% 36% 63% 37%
1984 321,246 342,567 337,040 357,589 0 0 0 0 321,246 342,567 337,040 357,589 21,321 15,793 36,343 59% 43% 57% 43%
1985 345,847 717,772 359,179 781,597 0 0 0 0 345,847 717,772 359,179 781,597 371,925 13,332 435,750 85% 3% 97% 3%
1986 1,153,486 1,286,599 1,242,712 1,305,478 0 0 0 0 1,153,486 1,286,599 1,242,712 1,305,478 133,112 89,226 151,992 88% 59% 60% 40%
1987 1,067,954 1,105,757 1,087,980 1,123,877 2,089 2,089 0 0 1,070,042 1,107,845 1,087,980 1,123,877 37,803 17,938 53,835 70% 33% 68% 32%
1988 611,555 631,389 627,790 647,168 2,095 2,095 0 0 613,649 633,483 627,790 647,168 19,834 14,141 33,519 59% 42% 58% 42%
1989 416,354 430,542 432,313 446,723 2,089 2,089 0 0 418,442 432,631 432,313 446,723 14,188 13,870 28,281 50% 49% 51% 49%
1990 295,480 313,611 310,748 328,935 2,089 2,089 0 0 297,568 315,699 310,748 328,935 18,131 13,179 31,367 58% 42% 58% 42%
1991 335,563 345,465 348,312 358,632 2,089 2,089 0 0 337,651 347,553 348,312 358,632 9,902 10,661 20,981 47% 51% 48% 52%
1992 431,819 560,100 488,743 586,431 2,095 2,095 0 0 433,913 562,195 488,743 586,431 128,281 54,829 152,518 84% 36% 70% 30%
1993 613,864 640,841 607,988 657,541 2,089 2,089 0 0 615,953 642,930 607,988 657,541 26,977 ‐7,965 41,588 65% ‐19% 142% ‐42%
1994 638,104 692,589 659,473 711,907 2,089 2,089 0 0 640,192 694,678 659,473 711,907 54,486 19,281 71,715 76% 27% 74% 26%
1995 727,783 843,906 757,229 872,395 7,310 7,310 0 0 735,093 851,216 757,229 872,395 116,123 22,136 137,302 85% 16% 84% 16%
1996 525,962 560,367 545,239 581,878 7,331 7,331 0 0 533,293 567,699 545,239 581,878 34,405 11,946 48,584 71% 25% 74% 26%
1997 328,104 352,350 345,813 370,706 7,310 7,310 0 0 335,414 359,660 345,813 370,706 24,246 10,399 35,292 69% 29% 70% 30%
1998 468,057 512,105 486,208 537,413 7,310 7,310 0 0 475,367 519,415 486,208 537,413 44,048 10,841 62,046 71% 17% 80% 20%
1999 461,965 490,047 485,489 552,243 7,310 7,310 0 0 469,275 497,357 485,489 552,243 28,082 16,214 82,967 34% 20% 63% 37%
2000 440,141 471,087 453,149 505,300 9,661 9,662 0 0 449,803 480,748 453,149 505,300 30,945 3,347 55,497 56% 6% 90% 10%
2001 395,519 414,530 411,564 437,673 8,592 8,592 0 0 404,111 423,122 411,564 437,673 19,011 7,453 33,562 57% 22% 72% 28%
2002 414,288 435,598 430,372 450,933 7,652 7,652 0 0 421,940 443,250 430,372 450,933 21,310 8,432 28,993 74% 29% 72% 28%
2003 280,965 385,759 305,077 399,276 6,795 6,795 0 0 287,760 392,554 305,077 399,276 104,794 17,317 111,516 94% 16% 86% 14%
2004 231,937 295,368 255,088 310,395 5,785 5,785 0 0 237,722 301,153 255,088 310,395 63,431 17,366 72,673 87% 24% 79% 21%
2005 347,785 368,891 364,675 387,692 5,686 5,686 0 0 353,471 374,577 364,675 387,692 21,106 11,205 34,222 62% 33% 65% 35%
2006 259,801 374,734 305,316 394,482 6,047 6,047 0 0 265,847 380,780 305,316 394,482 114,933 39,469 128,635 89% 31% 74% 26%
2007 315,441 358,167 328,547 375,606 6,197 6,197 0 0 321,638 364,364 328,547 375,606 42,726 6,909 53,968 79% 13% 86% 14%
2008 327,937 381,999 343,897 396,282 5,821 5,821 0 0 333,758 387,820 343,897 396,282 54,062 10,139 62,524 86% 16% 84% 16%
2009 388,423 443,302 405,049 469,472 5,538 5,538 0 0 393,961 448,840 405,049 469,472 54,879 11,088 75,511 73% 15% 83% 17%
2010 322,459 413,240 340,368 391,975 6,312 6,312 0 0 328,771 419,552 340,368 391,975 90,781 11,597 63,204 144% 18% 89% 11%
2011 232,153 324,284 255,478 358,955 9,061 9,061 0 0 241,214 333,345 255,478 358,955 92,132 14,265 117,741 78% 12% 87% 13%
2012 157,505 231,504 172,608 253,189 6,712 6,712 0 0 164,217 238,216 172,608 253,189 73,998 8,391 88,972 83% 9% 90% 10%
2013 70,457 160,508 80,895 189,940 7,351 7,351 0 0 77,808 167,859 80,895 189,940 90,050 3,087 112,131 80% 3% 97% 3%
2014 130,887 193,412 141,681 215,851 8,053 8,053 0 0 138,940 201,465 141,681 215,851 62,525 2,741 76,911 81% 4% 96% 4%
2015 226,971 272,930 238,705 289,000 6,320 6,320 0 0 233,291 279,250 238,705 289,000 45,959 5,413 55,708 82% 10% 89% 11%
2016 282,459 349,150 289,591 357,400 6,310 6,310 0 0 288,769 355,460 289,591 357,400 66,691 822 68,631 97% 1% 99% 1%
2017 322,514 376,045 338,504 395,616 7,475 7,475 0 0 329,989 383,520 338,504 395,616 53,531 8,515 65,627 82% 13% 86% 14%

1940‐2017 Avg 372,137 424,747 388,128 440,778 2,291 2,291 0 0 374,428 427,038 388,128 440,778 52,610 13,700 66,351 79% 21% 79% 21%
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I, Staffan W. Schorr, declare as follows: 

1. My name is Staffan Wagner Schorr, I am 48 years of age and reside in 

Tucson, Arizona.   

2. I am competent to make this declaration.   

3. I am an independent consultant with over 20 years of professional experience 

as a groundwater hydrologist.   

4. I have been retained by the State of Texas through my firm, Montgomery & 

Associates, to provide consulting services related to water budget issues presented in the 

Lawsuit.   

5. My professional resume is included as Attachment 1.  The information in my 

resume is true and correct.  

6. My education includes Bachelor’s of Science degree in Geosciences from the 

University of Arizona, and a Master’s of Science degree in hydrogeology from the University 

of Arizona. 

7. I am a principle hydrogeologist in the firm of Montgomery & Associates 

where I consult with clients on ground water modeling, hydrogeologic characterization, and 

data management.  

8. I have consulting experiences relevant to my work in this case, including 

supervising and assisting with the development of hydrogeologic conceptual models for two 

separate regional groundwater availability models for the Texas Water Development Board; 

assisting with an update and calibration of a groundwater model for the Hueco Bolson for the 

El Paso Water utility; conducting hydrogeologic assessment, well inventories, and wellfield 

analysis for recovering stored groundwater for the Central Arizona Water Conservation 

District; and developing and updating spreadsheet water budget models for a copper mine 

operation in Arizona for Freeport-McMoRan Corporation.  

9. With the exception of my deposition taken in this case, I have not testified in 

any cases in the last four years.   
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10. Current water users in the Lower Rio Grande Basin are primarily divided 

between irrigators and municipal users.  Irrigation is the primary use of water in the Lower 

Rio Grande in New Mexico.   

11. From my work in this case, I have concluded that the volume of groundwater 

pumped in the Rincon and Mesilla Valleys of New Mexico has increased since 1938.  

12. Few groundwater wells were in use at the time the Compact was adopted in 

1938.  

13. Also based on my work on this matter, I conclude that the number of 

groundwater wells in the Rincon and Mesilla Valleys (below the Elephant Butte and Caballo 

Reservoirs and above the New Mexico-Texas state line at El Paso, Texas) has increased since 

1938 from less than 60 to about 8000 in 2020.  I made this conclusion based on well data and 

information my office obtained, and that I personally reviewed and analyzed, from the New 

Mexico OSE.  
14. I was asked by counsel to prepare a map of the groundwater wells in the 

Rincon and Mesilla Valleys of New Mexico (below the Elephant Butte and Caballo 

Reservoirs and above the New Mexico-Texas state line at El Paso, Texas) existing in 1938, 

and the groundwater wells in the same geographic area that currently exist as of October 

2020.  To do that, I obtained well data from the New Mexico OSE and displayed wells based 

on location coordinates, well type, and installation date specified in the datasets.  
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Staffan W. Schorr, Hydrogeologist / Principal 

Staffan Schorr specializes in regional hydrogeologic characterization in support 
of groundwater modeling. He applies his background in numerical and 
analytical groundwater flow modeling to a variety of M&A projects to simulate 
the effects of long-term pumping, mine dewatering, and managed aquifer 
recharge and recovery. He has extensive experience using GIS methods to 
develop numerical model inputs, display model results, and develop geospatial 
databases for conceptual hydrogeologic models. He also manages M&A’s GIS 
and 3D modeling services, and specializes in the use of Leapfrog software to 
develop volumetric geologic and geochemical interpolation models. His other 
interests include characterizing the interactions between groundwater and 
surface water along riparian corridors. Prior to joining M&A, Staffan worked 
for 8 years in watershed planning at Pima Association of Governments, a 
regional agency that facilitates coordination among local jurisdictions. 

Representative Projects 

Groundwater Modeling | Groundwater Resource Development 

Groundwater Flow Model • Hueco Bolson • El Paso Water Utility 
Updated hydrogeologic sections with new borehole data and geophysical logs, 
evaluated data from the Texas Water Development Board’s groundwater 
database, developed a 3D geologic model, and constructed and calibrated a 
numerical groundwater flow-and-transport model to support the management of 
brackish groundwater resources and wellfields [EL PASO COUNTY, TX] 

Groundwater Flow Model • Lower Rio Grande Valley • Texas Water Development 
Board 
Developed a conceptual hydrogeologic model, relational database, and 
geodatabase to provide input for a groundwater flow-and-transport model used 
to evaluate future desalination operations [SOUTHERN TX] 

Groundwater Flow Model • Northern Portions of Queen City, Sparta, and Carrizo 
Wilcox • Texas Water Development Board 
Developed a conceptual hydrogeologic model, relational database, and 
geodatabase to provide input for a groundwater flow model used to evaluate 
regional groundwater availability. [NORTHEASTERN TX] 

Groundwater Flow Model • Kinney County • William R. Hutchison, Independent 
Groundwater Consultant 
Supervised development of MODFLOW USG model grid using AlgoMesh 
software [KINNEY COUNTY, TX] 

Groundwater Flow Model • Bluebonnet Groundwater Conservation District • William 
R. Hutchison, Independent Groundwater Consultant 
Provided support for numerical model development: evaluated previous aquifer 
layer interpolations, updated aquifer layering using available well borehole 
geophysical logs, and supervised development of a geologic model that 

Office: TUCSON 

Years Experience 

Total: 20 | M&A: 12 

Education 

M.S., Hydrology, University 
of Arizona (2005) 

B.S., Geology, University of 
Arizona (1997) 

Key Areas of Expertise 

Regional hydrogeologic 
characterization 

Flow and transport 
modeling 

Development of geologic 
models  

Integration of GIS and 
conceptual models for 
numerical model 
construction 

Database development 
and management 

Aquifer test design, 
implementation, and data 
analysis 
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combines all aquifer layers from existing Groundwater Availability Models in 
vicinity of the District [NORTH-CENTRAL, TX] 

Groundwater Modeling | Hydrologic Impact Analysis 

Environmental Impact Analysis • Arivaca Groundwater Flow Model • Pima County 
Regional Flood Control District 
Projected changes in groundwater levels and potential impacts to 
environmentally sensitive areas related to pumping in a hydrologically isolated 
basin [PIMA COUNTY, AZ] 

Groundwater Modeling | Tailings Water Management 

Water Balance • Sierrita Mine • Freeport-McMoRan Corporation 
Developed and updated spreadsheet water budget models for tailings 
impoundments at the Sierrita open-pit copper mine [PIMA COUNTY, AZ] 

Groundwater Modeling | Mine Dewatering 

Dewatering & Impacts Modeling • Collahuasi Mine / Rosario Pit • Compañía 
Minera Doña Inés de Collahuasi SMC 
Designed and constructed a groundwater flow model to support dewatering 
operations and predict the environmental impacts associated with a large, open-
pit mine in a complex mountain aquifer system [NORTHERN CHILE] 

Groundwater Modeling | Managed Aquifer Recharge 

Water Level / Quality Projections • Tonopah Desert Recharge Project • Central 
Arizona Water Conservation District 
Developed flow and solute-transport models to project changes in nitrate 
concentrations and groundwater levels associated with recharge and future 
recovery operations [WESTERN AZ] 

Water Level / Quality Projections • Central Avra Valley Storage & Recovery Project• 
Central Arizona Water Conservation District 
Updated flow and solute-transport models to project groundwater level rise and 
changes in concentrations of total dissolved solids resulting from recharge 
operations [PIMA COUNTY, AZ] 

Water Level Projections • Superstition Mountains Recharge Project • Central 
Arizona Water Conservation District 
Updated a groundwater flow model to evaluate recharge rates and predict the 
rise in groundwater levels associated with recharge operations [MARICOPA 
COUNTY, AZ] 

Permit Support • Willow Springs South Ranch Village Project • ANAM, Inc.  
Developed an analytical model to support regulatory permitting requirements 
for recharging treated effluent [PINAL COUNTY, AZ] 

 

Modeling Codes & 
Software 

MODFLOW 
FEFLOW 
PEST 
MODFLOW-SURFACT 
MT3D 
HEC-RAS 
WINFLOW 
THWELLS 
Leapfrog Hydro 
Leapfrog Geo 
Groundwater Vistas 
ArcView 
ArcGIS 
Spatial Analyst 
3D Analyst 

Additional Training 

2017: Fundamental and 
Advanced Techniques of 
Leapfrog Geo 

2015: Introduction to 
MineSight 

2013: MODFLOW-USG 
workshop 

2012: Fundamental and 
Advanced Techniques of 
Leapfrog Hydro 

2010: Advanced 
Techniques for Aquifer 
Test Analysis Featuring 
AQTESOLV 

2010: Fundamentals of 
Leapfrog Hydro 

2009: HEC-RAS 3-Day 
Short Course  

2008: Advanced 
Techniques for Aquifer 
Test Analysis Featuring 
AQTESOLV 

2008: Calibration, 
Uncertainty Analysis, and 
Optimization — A Seminar 
on Groundwater Vistas 
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GIS & 3D Geologic Modeling 

Geospatial Model Development • Various Sites • Various Clients  
Developed or supervised the development of dozens of 3D geospatial models 
for hard-rock and basin-fill groundwater systems using Leapfrog® software 
[U.S., PERÚ, CHILE] 

GIS Development & Application • Various Sites • Various Clients  
Developed GIS inventories of wells, infrastructure, water use, land use, and 
other related features; prepared cartographically correct maps, figures, and 3D 
geologic models for many investigations and modeling projects [U.S., CHILE, 
PERÚ, ARGENTINA, BOLIVIA] 

Managed Aquifer Recharge  

Hydrogeologic Characterization • Recovery Wellfield Siting Study (Phase 1) • 
Central Arizona Water Conservation District 
Conducted a hydrogeologic assessment, well inventory, and wellfield analysis 
for recovering stored CAP water [PINAL COUNTY, AZ] 

Groundwater Modeling | Mine Water Supply  

Groundwater Flow Model • Confidential Site • Confidential Client 
As part of due diligence efforts, designed and implemented a model to project 
groundwater level impacts associated with potential future pumping for a new 
water supply; constructed a 3D geospatial model of an alluvial groundwater 
system using Leapfrog Hydro [WESTERN AZ] 

Mine Water Supply 

Aquifer Testing & Analysis • Proposed Copper Mine Reopening • Freeport-
McMoRan Corporation 
Planned and implemented an aquifer testing program; analyzed test data to 
evaluate groundwater resources [PIMA COUNTY, AZ] 

Aquifer Testing & Analysis • Big Sandy Valley • Freeport-McMoRan Corporation 
Analyzed long-term test data from a confined aquifer to evaluate potential 
groundwater resources, impacts to environmentally sensitive areas, and 
hydraulic connectivity between aquifers [MOHAVE COUNTY, AZ] 

Water Policy & Planning 

Hydrogeologic Characterization • Regional Water Plan • Confidential Client 
Evaluated hydrogeologic data and supervised the development of a 3D data 
model to support the initial phases of a regional water plan [PIMA COUNTY, AZ] 

Hydrogeologic Characterization • Various Sites • Pima County Regional Flood 
Control District 
Conducted basic hydrogeologic investigations using publicly available data 
sources for Aguirre Valley, Altar Valley, and the Ajo-Why area to support an 
amendment to Pima County’s Water Resources Comprehensive Plan [PIMA 
COUNTY, AZ] 
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Publications & Presentations 

Development of conceptual plan for direct recovery of Central Arizona Project 
water stored at Tonopah Desert Recharge Project, Maricopa County, Arizona 
Meyer, J.J., Cross, M.M., Schorr, S.W., Shipman, T.D., and Fuerst, D., 2009, 
National Groundwater Association 2009 Groundwater Summit, Tucson, AZ, 
April 19–23 

Hydrogeologic conceptual model for the Collahuasi Mine area, Chile 
Thomasson, M.J., Schorr, S.W., Davis, L.A., Rosko, M.J., Acosta, O.J., 2010, 
Water in Mining, Second International Congress on Water Management in the 
Mining Industry, Santiago, Chile, June 9–11 

Conceptual model report: Lower Rio Grande Valley Groundwater Transport 
Model 
Schorr, S., Hutchison, W.R., Panday, S., and Rumbaugh, J., 2017, prepared for 
Texas Water Development Board, June 30, 2017.  

Conceptual model report: Groundwater Availability Model for northern 
portion of the Queen City, Sparta, and Carrizo-Wilcox Aquifers 
Schorr, S., Hutchison, W.R., Panday, S., and Rumbaugh, J., 2018, prepared for 
Texas Water Development Board, draft report June 28, 2018.  
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Pursuant to the Case Management Plan dated September 6, 2018, as amended (CMP), 

and Rule 30(b)(6) of the Federal Rules of Civil Procedure, the State of New Mexico objects to 

and provides witness designations for the United States’ Notice of Rule 30(b)(6) Deposition of 

the State of New Mexico and the State of Texas’s Cross-Notice (collectively, “United States’ 

Notice”) as follows: 

GENERAL OBJECTIONS 
1. New Mexico’s objections and responses are based on information presently 

available. At present, New Mexico has not yet completed its investigation or preparation for trial, 

either of which may provide information responsive to this discovery request. 

2. New Mexico objects to United States’ Notice, including the instructions and 

definitions contained therein, to the extent that they impose obligations on New Mexico that 

exceed the possible scope of discovery as set forth in the Federal Rules of Civil Procedure. New 

Mexico reserves all objections and rights to which it is entitled under the Federal Rules of Civil 

Procedure and applicable law. 

3. New Mexico objects to each and every instruction, definition and/or topic 

identified for examination to the extent the instruction, definition and/or topic is vague, 

ambiguous, unintelligible, compound, conjunctive, or disjunctive, and not full and complete in 

and of itself, so as to make a response impossible without speculation as to the meaning of the 

request. 

4. New Mexico objects to each and every instruction, definition and/or topic for 

examination to the extent that the instruction, definition and/or topic seeks information protected 

by the attorney-client privilege, the work product doctrine, joint defense privilege, or any other 

applicable privilege. New Mexico’s responses herein, and/or the witness’ testimony, are not 

intended to, nor should they be construed as, a waiver or relinquishment of any part of the 

protections afford by the attorney-client privilege, the work product doctrine, the joint defense 

privilege, or any other applicable privileges or immunities. The inadvertent production of any 

such privileged information or document(s) is not a waiver of New Mexico’s right to assert any 
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applicable privilege or doctrine relative to any such information or document(s), or any other 

information, document(s), or matter, pursuant to the terms of paragraph 7.2.3 of the CMP. 

5. New Mexico objects to each and every instruction, definition and/or topic for 

examination to the extent that it seeks the legal analysis, legal conclusions, or the statutory basis 

supporting a factual conclusion. 

6. New Mexico objects to each and every instruction, definition and/or topic for 

examination to the extent that they seek New Mexico’s counsels’, or any other counsel’s, legal 

reasoning, theory, or statutory basis supporting a factual conclusion. 

7. New Mexico objects to each and every instruction, definition and/or topic for 

examination to the extent it seeks expert analysis and/or testimony. 

8. New Mexico objects to each and every instruction, definition and/or topic for 

examination to the extent the instruction, definition and/or topic is unduly and unreasonably 

oppressive, harassing, burdensome, overbroad, seeks information neither relevant to the subject 

matter of the action nor reasonably calculated to lead to the discovery of admissible evidence, is 

not proportional to the scope of this case, or constitutes an abuse of the discovery process. 

9. New Mexico objects to definition number 12 in the United States’ Notice to the 

extent it seeks information “from statehood to present” as unduly and unreasonably oppressive, 

harassing, burdensome, overbroad, seeks information neither relevant to the subject matter of the 

action nor reasonably calculated to lead to the discovery of admissible evidence, is not 

proportional to the scope of this case, and constitutes an abuse of the discovery process.  

10. New Mexico objects to the form of each and every topic for examination to the 

extent that it is not full and complete in and of itself, and instead relies on preface and 

instructions. 

11. New Mexico objects to each and every instruction, definition and/or topic for 

examination to the extent it seeks information or documents that are not in the possession, 
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custody, or control of New Mexico, its agents, or employees. 

12. New Mexico’s decision to provide information or documents, notwithstanding the 

objectionable nature of any of the discovery requests, should not be construed as a stipulation or 

admission that the information is relevant or admissible, a waiver of New Mexico’s general or 

specific objections, or an agreement that requests for similar discovery will be treated in a similar 

manner. 

13. To the extent New Mexico identifies witnesses, information, or documents as 

responsive to any of the United States’ requests, it does not constitute an admission that New 

Mexico agrees with any characterizations, disputed facts, or other information contained in the 

specific request. 

14. New Mexico and United States conferred in advance of United States’ formal 

service of this notice of deposition, wherein counsel for New Mexico advised counsel for United 

States that witnesses would only be designated by New Mexico to provide testimony on the 

topics as identified below. New Mexico witnesses are not designated by New Mexico to provide 

testimony on any topics identified in United States’ “Exhibit A,” except as expressly identified 

herein, and the above General Objections are incorporated into each specific Topic. 
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NEW MEXICO’S SPECIFIC OBJECTIONS AND RESPONSES TO 
THE UNITED STATES’ “EXHIBIT A” 

 
UNITED STATES’ TOPIC A: The responses, allegations, and affirmative defenses in 

New Mexico’s answers to the complaint of the United States and to the complaint of Texas, 

including 

• What is Texas’ apportionment of water under the Compact? 
 

• What amount of water is Texas entitled to receive to lands in Texas based on 
Texas’ apportionment of water under the Compact? 

 
• What is the relationship of the Project and Texas’ apportionment of water under 

the Compact? 
 

• What is New Mexico’s apportionment of water under the Compact? 
 

• What is the relationship of the Project and New Mexico’s apportionment of water 
under the Compact? 

 
• What are New Mexico’s obligations to ensure Texas receives its full 

apportionment under the Compact? 
 

• How does New Mexico ensure Texas receives its full apportionment under the 
Compact? 

 

NEW MEXICO’S OBJECTIONS AND DESIGNATIONS AS TO TOPIC A: 

New Mexico objects to the preface sentence in this Topic on the grounds that by using 

the term “including” it fails to describe the testimony sought with reasonable particularity as 

required by Rule 30(b)(6). A notice must avoid such terms as they put the responding party in the 

impossible task of preparing for an open-ended and theoretically infinite subject. See, e.g., Reed 

v. Bennett, 183 F.R.D. 689, 692 (D.Kan. 2000). 

New Mexico objects to the preface sentence in that it impermissibly requires New 

Mexico to speculate as to the discovery being sought and to parse through hundreds of responses, 

allegations, and affirmative defenses in New Mexico’s answers to the complaints of the United 
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States and Texas to infer the discovery sought by the United States. See, e.g., Catt v. Affirmative 

Ins. Co., No. 08-CV-243, 2009 WL 1228605, at *6--7 (N.D. Ind. Apr. 30, 2009) (topics listed 

as allegations in the complaint, answers, affirmative defenses did “not identify the subject matter 

to be covered with ‘reasonable particularity’”); Smithkline Beecham Corp. v. Apotex Corp., No. 

98-C-3952, 2000 WL 116082, at *10 (N.D. Ill., Jan. 24, 2000) (finding Rule 

30(b)(6) notice requesting designation of a witness to testify regarding responses to 

interrogatories and requests for production was overbroad, unduly burdensome, and inefficient). 

New Mexico objects to the preface sentence in that it requires New Mexico to provide 

testimony as to legal conclusions and reveal privileged attorney work product and strategy.  

New Mexico objects to the second bullet in that it fails to describe the testimony sought 

with reasonable particularity and forces New Mexico to speculate as to the discovery being 

sought in that the word “amount” is vague and ambiguous.  

Subject to and without waiver of the foregoing objections, and to the extent New Mexico 

has knowledge, Estevan L. Lopez, former Director of the New Mexico Interstate Stream 

Commission, is designated by New Mexico to provide testimony as to the seven (7) specific 

bullet points following the preface sentence. Mr. Lopez is not designated by New Mexico to 

provide testimony on this Topic except as expressly identified herein. 

UNITED STATES’ TOPIC B:  New Mexico’s counterclaims against the United States 

and Texas, including the allegations pleaded in support of the same, and the remedies requested, 

related to: 

• Counterclaim No. 1 - Compact violation by Texas caused by unauthorized 
depletions. 
 

o defining and providing scope of “unauthorized diversions” in Texas. 
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• Counterclaim No. 2 - Interference with Compact Apportionment against the 
United States was dismissed. 
 

o Questions under this counterclaim will be limited to what New Mexico 
was apportioned, and how Project operations are inconsistent with New 
Mexico’s apportionment. 
 

• Counterclaim No. 3 - Improper Release of Compact Credit Water against the 
United States was dismissed. 
 

o Questions under this counterclaim will be limited to New Mexico’s 
understanding of the Compact’s water accounting system for credit water, 
reservoir water evaporation and evaporation accounting. 
 

• Counterclaim No. 4 - Compact Violation and Unjust Enrichment Against Texas. 
 

o questioning on Project lands receiving an equal amount of surface water 
per acre 
 

• Counterclaim No. 5 - Violation of the Water Supply Act by the United States was 
dismissed. 
 

o Questions under this counterclaim will be limited to how an action 
pursuant to the Water Supply Act Pub. L. No. 85-500, 72 Stat. 297, 319 
(July 3, 1958) violates the Compact. 
 

• Counterclaim No. 6 - Improper Compact and Project Accounting against the 
United States was dismissed. 
 

o Questions under this counterclaim will be limited to how Project 
accounting is inconsistent with the Compact. 
 

• Counterclaim No. 7 - Violation of the Miscellaneous Purposes Act and the 
Compact against Texas and the United States was dismissed. 
 

o Questions under this counterclaim will be limited to how any of the 
Miscellaneous Purposes Act contracts violate the Compact. 
 

• Counterclaim No. 8 - Improper Project Maintenance against the United States was 
dismissed. 
 

o Questions under this counterclaim will be limited to the standards of 
Project maintenance the United States is subject to under the Compact, 
how the United States maintenance efforts violate the Compact, and how 
the alleged failure of the United States’ maintenance has injured New 
Mexico. 
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• Counterclaim No. 9 - Failure to Enforce the 1906 Convention and Compact 

Violation against the United States was dismissed. 
 

o Questions under this counterclaim will be limited to how pumping of 
groundwater in Mexico and unauthorized surface diversions from the Rio 
Grande by Mexico have violated the Compact. 

NEW MEXICO’S OBJECTIONS AND DESIGNATIONS AS TO TOPIC B: 

New Mexico objects to the preface sentence in this Topic on the grounds that by using 

the term “including” it fails to describe the testimony sought with reasonable particularity as 

required by Rule 30(b)(6). A notice must avoid such terms as they put the responding party in the 

impossible task of preparing for an open-ended and theoretically infinite subject. See, e.g., Reed 

v. Bennett, 183 F.R.D. 689, 692 (D.Kan. 2000). 

New Mexico objects to the preface sentence and the nine bullets in that they 

impermissibly require New Mexico to speculate as to the discovery being sought and to parse 

through hundreds of allegations and claims in New Mexico’s counterclaims and requested 

remedies to the United States and Texas to infer the discovery sought by the United States.  See, 

e.g., Catt v. Affirmative Ins. Co., No. 08-CV-243, 2009 WL 1228605, at *6--7 (N.D. Ind. Apr. 

30, 2009) (topics listed as allegations in the complaint, answers, affirmative defenses did “not 

identify the subject matter to be covered with ‘reasonable particularity’”). 

New Mexico objects to the preface sentence and the nine bullets in that they require New 

Mexico to provide testimony as to legal conclusions and reveal privileged attorney work product 

and strategy. Specifically, as to the fifth sub-bullet, which requires New Mexico to provide a 

witness to interpret a statute and testimony as to legal conclusions and analysis, New Mexico is 

unable to prepare or provide a witness for this sub-Topic. 
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New Mexico objects to the use of the term “scope” is the 1st sub-bullet as vague and 

ambiguous such that New Mexico is unable to determine the discovery sought by the United 

States. 

New Mexico objects to the fifth (5th) bullet, including the sub-bullet, as seeking 

testimony on a subject that is protected by privilege or the work product doctrine and as seeking 

testimony on a pure legal issue.   

Subject to and without waiver of the foregoing objections, and to the extent New Mexico 

has knowledge: 

(A) Estevan L. Lopez, former Director of the New Mexico Interstate Stream 

Commission, is designated by New Mexico to provide testimony as to seven (7) of 

the sub-bullets above, excepting the fifth (5th) and eighth (8th) sub-bullets. 

(B) Rolf Schmidt-Petersen, current Director of the New Mexico Interstate Stream 

Commission, is designated by New Mexico to provide testimony on the eighth (8th) 

sub-bullet only.  

Mr. Lopez and Mr. Schmidt-Petersen are not designated by New Mexico to provide testimony on 

this Topic except as expressly identified herein.  New Mexico is not designating a witness to 

provide testimony on the 5th bullet.   

UNITED STATES’ TOPIC C: New Mexico’s administration, implementation, and 

enforcement of its obligations under the Compact and under state laws, regulations, policies or 

actions in (1) delivery of Rio Grande Compact water to the State of New Mexico, (2) delivery of 

Rio Grande Compact water to the State of Texas, and (3) water released from storage to meet 

Compact irrigation demands below Elephant Butte Reservoir. 

NEW MEXICO’S OBJECTIONS AND DESIGNATIONS AS TO TOPIC C: 
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New Mexico objects to this Topic on the grounds that it fails to describe the testimony 

sought with reasonable particularity and forces New Mexico to speculate as to the discovery 

being sought.  

New Mexico objects to this Topic to the extent it calls for a witness to interpret laws and 

regulations and to the extent it seeks testimony as to legal conclusions and analysis.  

Subject to and without waiver of the foregoing objections, and to the extent New Mexico 

has knowledge: 

(A) Estevan L. Lopez, former Director of the New Mexico Interstate Stream Commission, 

is designated by New Mexico to provide testimony as to New Mexico’s policies 

under the Compact relating to the three (3) identified subjects. 

(B) Cheryl Thacker, Water Resources Manager for the New Mexico Office of the State 

Engineer, is designated by New Mexico to provide testimony as to New Mexico’s 

administration, implementation, and enforcement as to the three (3) identified 

subjects. 

Mr. Lopez and Ms. Thacker are not designated by New Mexico to provide testimony on this 

Topic except as expressly identified herein. 

UNITED STATES’ TOPIC D: New Mexico’s policies relating to administration of 

surface water or groundwater below Elephant Butte Reservoir related to: 

• New Mexico’s policies relating to administration of water delivered to EBID 
pursuant to the 1938 contracts between the United States and the districts, the 
1979/1980 operation and maintenance transfer contracts between the United 
States and the districts, and the 2008 Operating Agreement. 
 

• New Mexico’s policies on supplemental irrigation wells as defined by New 
Mexico. 

 
• New Mexico’s policies on conjunctive use of surface water and groundwater for 

irrigation purposes. 
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• New Mexico’s policies, positions and actions in State of New Mexico ex rel. 

Office of the State Engineer v. EBID, et al., No. D-307-CV-96-888, County of 
Dona Ana, Third Judicial District related to: 

 
o water rights offered or consented to for the Project irrigation users, non-

Project irrigation users, and municipal water right holders. 
 

o water rights offered for the United States’ right to water for the Rio 
Grande Project and the determination of such rights in Stream System 
Issue No. 104. 
 

o Stream System Issue No. 101 and the determination of consumptive 
irrigation water amounts and farm delivery water requirements for all 
crops in the Lower Rio Grande Basin. 

 

NEW MEXICO’S OBJECTIONS AND DESIGNATIONS AS TO TOPIC D: 

New Mexico objects to the first bullet under this Topic to the extent it calls for legal 

interpretation of contracts to which it is not a party and to the extent it seeks testimony as to legal 

conclusions and analysis.  New Mexico further objects to the terms “policies” and “policies, 

positions, and actions” as vague and ambiguous and as overly broad and unduly burdensome.  

Subject to and without waiver of the foregoing objections, and to the extent New Mexico 

has knowledge, Cheryl Thacker is designated by New Mexico to provide testimony as to the first 

three (3) bullets. 

New Mexico objects to the fourth bullet and the first sub-bullet thereafter in that they 

impermissibly require New Mexico to speculate as to the discovery being sought and to parse 

through thousands of subfiles, allegations, and claims in the referenced adjudication. Further, 

these subjects require New Mexico to provide testimony as to legal conclusions and reveal 

privileged attorney work product and strategy. New Mexico further objects to the fourth bullet 

and first sub-bullet thereafter in that they are vague, ambiguous, burdensome, overbroad, seek 

information neither relevant to the subject matter of the action nor reasonably calculated to lead 

TX_MSJ_000716



{01267968-1}12 
 

to the discovery of admissible evidence, is not proportional to the scope of this case, and 

constitutes an abuse of the discovery process. See, e.g., Catt v. Affirmative Ins. Co., No. 08-CV-

243, 2009 WL 1228605, at *6--7 (N.D. Ind. Apr. 30, 2009) (topics listed as allegations in the 

complaint, answers, affirmative defenses did “not identify the subject matter to be covered with 

‘reasonable particularity’”). New Mexico is not able to prepare or provide a witness to testify as 

to these two (2) sub-topics. 

Subject to and without waiver of the foregoing objections, and to the extent New Mexico 

has knowledge, John W. Longworth, Senior Engineering Executive of the New Mexico Office of 

the State Engineer and former Director of the New Mexico Interstate Stream Commission, is 

designated by New Mexico to provide testimony as to the last two sub-bullets. 

Ms. Thacker and Mr. Longworth are not designated by New Mexico to provide testimony 

on this Topic except as expressly identified herein. 

If the United States or Texas intend to ask questions about specific “policies” or 

documents, New Mexico requests that the United States and Texas provide copies of those 

specific policies or documents at least two days in advance of the deposition so that the witness 

may be adequately prepared. 

 UNITED STATES’ TOPIC E: New Mexico’s communications with the United States, 

its officers, employees, or agents, concerning complaints about Project operations and related 

water use, from 1938 to present, related to: 

• wells drilled below Elephant Butte reservoir 
 

• Project accounting for groundwater pumping in Texas 
 

• Contracts for municipal use of water by El Paso 
 

• management of Project facilities by the Districts after the transfer of operations 
and maintenance responsibility to the Districts 
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• allegations of Compact violations 

 
• the Operating Agreement 

 

NEW MEXICO’S OBJECTIONS AND DESIGNATIONS AS TO TOPIC E: 

New Mexico objects to this Topic on the grounds that it fails to describe the testimony 

sought with reasonable particularity and forces New Mexico to speculate as to the discovery 

being sought in that the terms and phrases “communications” and “related water use” are vague, 

ambiguous, overbroad, seek information neither relevant to the subject matter of the action nor 

reasonably calculated to lead to the discovery of admissible evidence, and are not proportional to 

the scope of this case. 

New Mexico objects to the time period designated in this Topic, “from 1938 to present”, 

as overbroad, seeks information neither relevant to the subject matter of the action nor 

reasonably calculated to lead to the discovery of admissible evidence, and is not proportional to 

the scope of this case. 

Subject to and without waiver of the foregoing objections, and to the extent New Mexico 

has knowledge, Rolf Schmidt-Petersen, current Director of the New Mexico Interstate Stream 

Commission, is designated by New Mexico to provide testimony as to complaints by New 

Mexico to the United States as to the six (6) specific bullets in this Topic. Mr. Schmidt-Petersen 

is not designated by New Mexico to provide testimony on this Topic except as expressly 

identified herein.   

If the United States or Texas intend to ask questions about specific “communications,” 

documents or “complaints,” New Mexico requests that the United States and Texas provide 
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copies of those specific communications, documents or complaints at least two days in advance 

of the deposition so that the witness may be adequately prepared. 

UNITED STATES’ TOPIC F: New Mexico’s communications with the United States, 

its officers, employees, or agents, concerning complaints about maintenance of the Rio Grande 

channel. 

NEW MEXICO’S OBJECTIONS AND DESIGNATIONS AS TO TOPIC F: 

New Mexico objects to this Topic in that the term “the Rio Grande channel” is vague, 

ambiguous, overbroad, seeks information neither relevant to the subject matter of the action nor 

reasonably calculated to lead to the discovery of admissible evidence, is not proportional to the 

scope of this case, and constitutes an abuse of the discovery process.  New Mexico further 

objects to the phrase “New Mexico’s communications with the United States, its officers, 

employees, or agents” as vague and ambiguous and overly broad and unduly burdensome.   

Subject to and without waiver of the foregoing objections, Rolf Schmidt-Petersen, current 

Director of the New Mexico Interstate Stream Commission, is designated by New Mexico to 

provide testimony on this Topic as it relates to the Rio Grande river channel below Elephant 

Butte dam and reservoir. Mr. Schmidt-Petersen is not designated by New Mexico to provide 

testimony on this Topic except as expressly identified herein. 

If the United States or Texas intend to ask questions about specific “communications,” 

documents or “complaints,” New Mexico requests that the United States and Texas provide 

copies of those specific communications, documents or complaints at least two days in advance 

of the deposition so that the witness may be adequately prepared. 

UNITED STATES’ TOPIC G:  New Mexico Interstate Stream Commission, Office of 

State Engineer, Attorney General Office and Governor’s Office substantive communications 
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related to the Operating Agreement and Compact litigation with other New Mexico entities, 

namely: The City of Las Cruces, its officers, employees, agents, or legal counsel; New Mexico 

State University, its officers, employees, agents, or legal counsel; the City of Albuquerque, its 

officers, employees, agents, or legal counsel; and the consortium of farmers in the lower Rio 

Grande collectively referred to as the New Mexico Pecan Growers or the Southern Rio Grande 

Diversified Crop Farmers Association, their officers, employees, agents, or legal counsel. 

NEW MEXICO’S OBJECTIONS AND DESIGNATIONS AS TO TOPIC G: 

New Mexico objects to this Topic in that it fails to describe the testimony sought with 

reasonable particularity and forces New Mexico to speculate as to the discovery being sought in 

that the phrase “substantive communications” is vague, ambiguous, overbroad, seeks information 

neither relevant to the subject matter of the action nor reasonably calculated to lead to the 

discovery of admissible evidence, is not proportional to the scope of this case, and constitutes an 

abuse of the discovery process. 

New Mexico objects in that the request for communications between the personnel in 

four (4) New Mexico state agencies and the “officers, employees, agents, or legal counsel” of 

five (5) New Mexico entities – two of which are municipalities with hundreds of interactions 

annually with the designated state agencies -- is overbroad, burdensome, seeks information 

neither relevant to the subject matter of the action nor reasonably calculated to lead to the 

discovery of admissible evidence, is not proportional to the scope of this case, and constitutes an 

abuse of the discovery process. 

New Mexico objects in that this Topic requires New Mexico to reveal privileged attorney 

work product and strategy and to violate applicable privileges.  
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Subject to and without waiver of the foregoing objections, John W. Longworth, Senior 

Engineering Executive of the New Mexico Office of the State Engineer and former Director of 

the New Mexico Interstate Stream Commission, is designated by New Mexico to provide 

testimony on this Topic. Mr. Longworth is not designated by New Mexico to provide testimony 

on this Topic except as expressly identified herein. 

New Mexico will not be designating a witness to testify to “substantive communications 

related to the . . . Compact litigation,” except to the extent that those communications took place 

in the presence of a third party and was therefore not protected.   

If the United States or Texas intend to ask questions about specific “communications,” 

documents or correspondence, New Mexico requests that the United States and Texas provide 

copies of those specific communications, documents or correspondence at least two days in 

advance of the deposition so that the witness may be adequately prepared. 

Respectfully submitted this 10th day of September, 2020. 

 

/s/ Jeffrey Wechsler 
        JEFFREY WECHSLER 
        Special Assistant Attorney General 

MONTGOMERY & ANDREWS 
        325 Paseo de Peralta  
        Santa Fe, New Mexico 87501 
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No. 141, Original 
 

IN THE 
SUPREME COURT OF THE UNITED STATES 

 
____________♦____________ 

STATE OF TEXAS,  
                                                                          Plaintiff,                      

v. 
 

STATE OF NEW MEXICO and 
STATE OF COLORADO, 

 
                                                   Defendants. 

____________♦____________ 
 

OFFICE OF THE SPECIAL MASTER 
____________♦____________ 

 
STATE OF NEW MEXICO’S CERTIFICATE OF SERVICE 

____________♦____________ 
 
This is to certify that on the 10th of September, 2020, I caused a true and correct copy of the 
State of New Mexico’s Objections and Witness Designations to the United States’ Notice of 
30(b)(6) Deposition and to the State of Texas’s Cross-Notice to be served by e-mail upon all 
counsel of record and interested parties on the Service List, attached hereto. 
 
 
 Respectfully submitted this 10th day of September, 2020. 
 
 
 /s/ Michael A. Kopp  
 Michael A. Kopp 
 Attorney 
 TROUT RALEY 
 1120 Lincoln Street, Suite 1600 
 Denver, Colorado 80203 
 (303) 861-1963 
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Pursuant to the Case Management Plan adopted on September 6, 2018, as amended (“CMP”), 
and Rule 36 of the Federal Rules of Civil Procedure (“FRCP”), the State of New Mexico (“New 
Mexico”) hereby submits the following objections and responses to the State of Texas’s (“Texas”) 
First Set of Requests for Admission to the State of New Mexico. 
    

GENERAL OBJECTIONS 
 

In addition to the objections specifically noted in the responses to each individual Request for 
Admission, below, New Mexico incorporates the following General Objections into its responses to 
each and every Request for Admission:  

 
1. New Mexico’s responses are based on information presently available. At present, New 

Mexico has not yet completed its discovery, investigation, or preparation for trial, any or all 
of which may provide information responsive and/or relevant to these Requests.  

 
2. New Mexico objects to Texas’s Requests for Admission, including the Definitions and 

Instructions contained therein, to the extent that they impose obligations on New Mexico that 
exceed the scope of discovery as set forth in the FRCP. New Mexico reserves all objections 
and rights to which it is entitled under the FRCP and applicable law and procedure.  

 
3. New Mexico objects to each Request for Admission to the extent the request is vague, 

ambiguous, unintelligible, compound, conjunctive, or disjunctive, and not full and complete 
in and of itself.  

 
4. New Mexico objects to each Request for Admission to the extent that the request seeks 

information protected by the attorney-client privilege, the work-product doctrine, or any other 
applicable privilege.  New Mexico’s responses are not intended to, and should not be 
construed as, a waiver or relinquishment of any of the protections afforded by the attorney-
client privilege, the work-product doctrine, or any other applicable privileges or immunities. 
The inadvertent disclosure of any such privileged information is not a waiver of New 
Mexico’s right to assert any applicable privilege or doctrine relative to any such information, 
or any other information, document(s), or matter, pursuant to the terms of paragraph 7.2.3 of 
the CMP. 

 
5. New Mexico objects to each Request for Admission to the extent that the request seeks a 

legal conclusion, which is improper under FRCP 36(a)(1).   
 

6. New Mexico objects to each Request for Admission to the extent that the request seeks expert 
opinion or cannot be answered without the testimony of experts. 

 
7. New Mexico objects to each Request for Admission to the extent the request is unduly and 

unreasonably oppressive, harassing, annoying, burdensome, overbroad, or constitutes an 
abuse of the discovery process.  
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8. New Mexico objects to each and every Request for Admission to the extent the request is 
overly broad and seeks information neither relevant to the subject matter of the action, nor 
reasonably calculated to lead to the discovery of admissible evidence.  

 
9. New Mexico objects to the form of each Request for Admission to the extent that it is not full 

and complete in and of itself and, for example, instead relies on preface and instructions.  
 

10. New Mexico objects to each Request for Admission to the extent the request seeks 
information that is not in the possession, custody, or control of New Mexico. 

 
11. New Mexico objects to this definition of “Identify” with respect to a “person” or “entity” 

because the terms of the definition are overly broad with respect to “person,” and because it 
seeks current contact information (including personal residences).  Any employees of New 
Mexico or its contractors should be contacted through counsel for New Mexico.  Further, 
New Mexico objects to seeking of “address” and “telephone number,” as these seek 
disclosure of personal and private information that is irrelevant to the subject matter of this 
action.  New Mexico objects to the instruction to provide “the person’s present employer and 
occupation or business” as overbroad, unduly burdensome, irrelevant and exceeding the 
scope of New Mexico’s discovery obligations under Rule 26 and 36 of the FRCP. 

 
12. New Mexico also objects to the definition of “entity” as vague, ambiguous, and overbroad.  

 
13. New Mexico objects to the definition of “Identify” with respect to a “document” because the 

definition is overly broad with respect to “each document,” and to the extent that such 
definition demands “a brief description of the substance” of any document, and seeks 
disclosure of information and/or documents that are protected by attorney-client and work-
product privileges.  New Mexico objects to this definition because it imposes requirements 
beyond those found in Rule 33 of the FRCP.  New Mexico also objects to this definition as 
overbroad, unduly burdensome, and unreasonably cumulative or duplicative.  

 
14. New Mexico objects to the terms “Accretions,” “Allocation,” “Apportioned,” 

“Apportionment,” “Apportions,” “Compact Apportionment,” “Cumulative,” “Downstream 
Contracts,” “Return Flow,” “Ground water tributary to the Rio Grande,” “Lower Rio 
Grande,” and “Unimpeded,” “You” and “Yours” as vague, ambiguous and overbroad.  New 
Mexico also objects to these terms to the extent they seek a legal conclusion, which is 
improper under FRCP 36(a)(1).   

 
15. New Mexico’s response to any Request for Admission, notwithstanding its objections should 

not be construed as a stipulation or admission that any information provided is relevant or 
admissible, or as a waiver of any of New Mexico’s objections. 
 

16. New Mexico objects to each Request for Admission on the ground that the request seeks 
information that is unduly burdensome and not proportional to the scope of this case. 
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SPECIFIC OBJECTIONS AND RESPONSES TO TEXAS’S FIRST SET  
OF REQUESTS FOR ADMISSION TO NEW MEXICO 

 
REQUEST FOR ADMISSION NO. 1:  Admit that the Compact Apportions Rio Grande water to 
Colorado.  
 
RESPONSE:  In addition to New Mexico’s General Objections, New Mexico objects to the 
term “Rio Grande water” as vague and ambiguous.  New Mexico further objects to this request 
to the extent it seeks a legal conclusion, which is improper under FRCP 36(a)(1). Subject to its 
objections, New Mexico admits that the Compact apportions surface waters of the Rio Grande to 
the State of Colorado (“Colorado”).   
 

 
REQUEST FOR ADMISSION NO. 2: Admit that the Compact Apportions Rio Grande water 
to New Mexico. 

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
term “Rio Grande water” as vague and ambiguous.  New Mexico further objects to this request 
to the extent it seeks a legal conclusion, which is improper under FRCP 36(a)(1).  Subject to its 
objections, New Mexico admits that the Compact apportions surface waters of the Rio Grande to 
the State of New Mexico, and that this apportionment includes 57% of the Rio Grande surface 
water annually allocated for delivery by the Rio Grande Project, subject to the United States’ 
obligations to Mexico under the Convention for the Equitable Distribution of the Waters of the 
Rio Grande of May 21, 1906 Between the United States and Mexico, 34 Stat. 2953 (“Treaty”) 
(the remaining 43% being apportioned under the Compact to Texas). 
 
 
REQUEST FOR ADMISSION NO. 3: Admit that the Compact Apportions Rio Grande water 
to Texas. 

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“Rio Grande water” as vague and ambiguous.  New Mexico further objects to this request to the 
extent it seeks a legal conclusion, which is improper under FRCP 36(a)(1). Subject to its 
objections, New Mexico admits that the Compact apportions surface waters of the Rio Grande to 
the State of Texas, namely 43% of the Rio Grande surface water annually allocated for delivery 
by the Rio Grande Project, subject to the United States’ obligations to Mexico under the Treaty 
(the remaining 57% being apportioned under the Compact to New Mexico).   

 
 

REQUEST FOR ADMISSION NO. 4:  Admit that Colorado’s Apportionment pursuant the 
Compact is the depletions in the Rio Grande River in Colorado as of 1938 measured by the 
indexed relationship described in Article III of the Compact subject to the system of credits and 
debits described in the Compact.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“depletions” and “Rio Grande water” as vague and ambiguous.  New Mexico further objects to this 
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request to the extent it seeks a legal conclusion, which is improper under FRCP 36(a)(1).  Subject 
to its objections, New Mexico admits that Colorado’s apportionment of the surface waters of the 
Rio Grande on the mainstem at the Colorado and New Mexico state border is defined by Article III 
of the Compact.  The Compact speaks for itself, and New Mexico denies any inference that is 
inconsistent with the Compact.       
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico admits the Compact 
allows Colorado the right to use the waters of the Rio Grande consistent with its Article III 
obligation, as modified by Article VI. 

 
 

REQUEST FOR ADMISSION NO. 5: Admit that New Mexico’s Apportionment pursuant to the 
Compact is the depletions in the Rio Grande River in New Mexico above Elephant Butte Reservoir 
as of 1938 measured by the indexed relationship described in Article IV of the Compact subject to 
the system of credits and debits described in the Compact.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“depletions” and “Rio Grande water,” and to the phrase “as of 1938 measured by the indexed 
relationship described in Article IV of the Compact subject to the system of credits and debits 
described in the Compact” as vague and ambiguous.  New Mexico further objects to this request to 
the extent it seeks a legal conclusion, which is improper under FRCP 36(a)(1).    Subject to its 
objections, New Mexico admits that part of New Mexico’s apportionment of the surface waters of 
the Rio Grande is defined by Article IV of the Compact.  The Compact speaks for itself, and New 
Mexico denies any inference that is inconsistent with the Compact.  New Mexico specifically 
denies that the apportionment identified in RFA No. 5 is the only apportionment of water it 
receives under the Compact, and affirmatively asserts that its Compact apportionment includes 
57% of Project supply.  Except as aforesaid, New Mexico denies RFA No. 5.     
 

 
REQUEST FOR ADMISSION NO. 6: Admit that Texas’s Apportionment under the Compact is 
the water delivered to Elephant Butte Reservoir by New Mexico pursuant to Article IV of the 
Compact plus Accretions to the Rio Grande River below Elephant Butte Dam subject to the United 
States’s [sic] treaty obligation to New Mexico and EBID’s Rio Grande Project contractual right.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“delivered” and to the phrase “pursuant to Article IV of the Compact plus Accretions to the Rio 
Grande River below Elephant Butte Dam subject to the United States’s treaty obligation to New 
Mexico and EBID’s Rio Grande Project contractual right” as vague and ambiguous.  New Mexico 
further objects to this request to the extent it seeks a legal conclusion, which is improper under 
FRCP 36(a)(1).  Subject to its objections, New Mexico denies RFA No. 6.   

 
 

REQUEST FOR ADMISSION NO. 7: Admit that Colorado’s obligation to deliver water under 
the Compact is at the Colorado-New Mexico State line.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
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terms “obligation,” “deliver,” and “water” as vague and ambiguous.  New Mexico further objects 
to this request as seeking a legal conclusion, which is improper under FRCP 36(a)(1).  Subject to 
its objections, New Mexico admits that Colorado’s obligation to deliver water under the 
Compact is set forth in Article III of the Compact.  Specifically, New Mexico admits that under 
Article III, Colorado delivers surface water of the Rio Grande at the Colorado-New Mexico State 
line as measured at specified locations.  The Compact speaks for itself, and New Mexico denies 
any inference that is inconsistent with the Compact.       

 
 

REQUEST FOR ADMISSION NO. 8: Admit that New Mexico’s obligation to deliver water 
under the Compact is at Elephant Butte Reservoir.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “obligation,” “deliver,” and “water” as vague and ambiguous.  New Mexico further objects 
to this request to the extent it seeks a legal conclusion, which is improper under FRCP 36(a)(1).   
Subject to its objections, New Mexico admits that Article IV of the Compact includes an 
obligation to deliver water at Elephant Butte Reservoir.  The Compact speaks for itself, and New 
Mexico denies any inference that is inconsistent with the Compact.  Except as aforesaid, New 
Mexico denies RFA No. 8, and specifically denies that all surface water delivered to the Rio 
Grande Project is apportioned to Texas. 
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico rephrases its response 
as follows: New Mexico admits that New Mexico has an obligation to deliver water under 
Article IV of the Compact at Elephant Butte Reservoir. 
 

 
REQUEST FOR ADMISSION NO. 9: Admit that Downstream Contracts promise Texas water 
districts an amount of water every year from the Project.   
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “promise,” “amount,” “Texas water districts,” “amount” and “water” as vague and 
ambiguous.  New Mexico further objects to this request to the extent it seeks a legal conclusion, 
which is improper under FRCP 36(a)(1).  Subject to its objections, New Mexico admits that the 
U.S. Supreme Court stated that the: “Downstream Contracts . . . promised Texas water districts a 
certain amount of water every year from the Reservoir’s resources,” that “the Compact is 
inextricably intertwined with the Rio Grande Project and the Downstream Contracts,” and that 
“through the Downstream Contracts” the United States is “charged with assuring that the 
Compact’s equitable apportionment to Texas and part of New Mexico is in fact made.”  Texas v. 
New Mexico, 138 S. Ct.  954 at 957, 959 (2018) (internal quotation marks omitted).  The 
Downstream Contracts speak for themselves.  Except as aforesaid, New Mexico denies RFA No. 
9. 
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico rephrases its response 
as follows: New Mexico admits that, consistent with the Court’s 2018 opinion, the “Downstream 
Contracts . . . promised Texas water districts a certain amount of water every year from the 
Reservoir’s resources,”  that “the Compact is inextricably intertwined with the Rio Grande Project 
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and the Downstream Contracts,” and that “through the Downstream Contracts” the United States is 
“charged with assuring that the Compact’s equitable apportionment to Texas and part of New 
Mexico is in fact made.” Texas v. New Mexico, 138 S. Ct. 954 at 957, 959 (2018) (internal quotation 
marks omitted). 
 

 
REQUEST FOR ADMISSION NO. 10:  Admit that New Mexico may not interfere with the 
delivery of Texas’s Apportioned water under the Compact.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “interfere,” “delivery,” and “water,” and to this request in its entirety as vague and 
ambiguous.  New Mexico further objects to this request to the extent it seeks a legal conclusion, 
which is improper under FRCP 36(a)(1).  New Mexico is unable to admit or deny this request 
because it does not understand its meaning; in particular, New Mexico does not understand what 
Texas means by “interfere” in the context of RFA No. 10.  Subject to its objections, and based in 
part on the ambiguity of the term “interfere,” New Mexico denies RFA No. 10.  
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico rephrases its response 
as follows: New Mexico denies this request.  The Project uses and reuses return flows and other 
sources of water to deliver apportioned water to Texas, and New Mexico denies that even if it 
“take[s] action, or refrain[s] from action, in a way that hinders, blocks, slows, impedes or 
depletes” specific molecules of water, which New Mexico does not admit, this does not 
necessarily constitute “inference” with delivery of Texas’s Compact apportionment, as defined 
by Texas.  

 
 
REQUEST FOR ADMISSION NO. 11:   Admit that Return flows from irrigation of lands in the 
Lower Rio Grande are part of the water belonging to the Project.  
 
RESPONSE:  In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “Return flows,” “irrigation,” “lands,” “water” and “belonging” as vague and ambiguous.  
New Mexico objects to this request to the extent a response necessitates expert opinion.  New 
Mexico further objects to this request to the extent it seeks a legal conclusion, which is improper 
under FRCP 36(a)(1).  Subject to its objections, New Mexico admits that the Project captures 
and redelivers return flows.  See, e.g., Order Granting the State’s Motion to Dismiss the United 
States’ Claims to Groundwater and Denying the United States’ Motion for Summary Judgment, 
LRG Adjudication (Aug. 6, 2012).  Except as aforesaid, New Mexico denies RFA No. 11. 
 
 
REQUEST FOR ADMISSION NO. 12: Admit that Return flows from irrigation of lands in the 
Lower Rio Grande are part of the water Apportioned to Texas under the Compact.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “Return flows,” “irrigation,” “lands,” “part” and “water” as vague and ambiguous.  New 
Mexico objects to this request to the extent a response necessitates expert opinion.  New Mexico 
further objects to this request to the extent it seeks a legal conclusion, which is improper under 
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FRCP 36(a)(1).  Subject to its objections, New Mexico admits that return flows may constitute a 
portion of the Project supply apportioned and delivered to both Texas and New Mexico under the 
Compact.  Except as aforesaid, New Mexico denies RFA No. 12.    
 
 
REQUEST FOR ADMISSION NO. 13:  Admit that Groundwater tributary to the Rio Grande 
below Elephant Butte Reservoir is part of the water belonging to the Project.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “tributary,” “part,” “water” and “belonging,” and to the phrase “below Elephant Butte 
Reservoir” as vague and ambiguous.  New Mexico objects to this request to the extent a response 
necessitates expert opinion.  New Mexico further objects to this request to the extent it seeks a 
legal conclusion, which is improper under FRCP 36(a)(1).  Subject to its objections, New 
Mexico denies RFA No. 13. 
 
REQUEST FOR ADMISSION NO. 14:  Admit that Groundwater tributary to the Rio Grande 
below Elephant Butte Reservoir is part of the water Apportioned to Texas under the Compact.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “tributary,” “part” and “water,” and to the phrase “below Elephant Butte Reservoir” as 
vague and ambiguous.  New Mexico objects to this request to the extent a response necessitates 
expert opinion.  New Mexico further objects to this request as seeking a legal conclusion, which 
is improper under FRCP 36(a)(1).  Subject to its objections, New Mexico denies RFA No. 14. 
 
 
REQUEST FOR ADMISSION NO. 15:  Admit that pumping of Groundwater tributary to the 
Rio Grande in New Mexico includes the pumping of Project Return flows that otherwise would 
reach Texas.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “tributary,” “pumping” and “Return flows,” to the phrase “that otherwise would reach,” 
and to this request in its entirety as vague and ambiguous.  New Mexico further objects to this 
request to the extent a response necessitates expert opinion.  Subject to its objections, New 
Mexico denies RFA No. 15. 

 
 
REQUEST FOR ADMISSION NO. 16:  Admit that groundwater pumping in New Mexico 
includes the pumping of Groundwater tributary to the Rio Grande that intercepts surface water 
flows in the Rio Grande that would otherwise reach Texas.  
  
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “tributary,” “groundwater pumping,” “pumping” and “intercepts,” to the phrase “that 
otherwise would reach,” and to this request in its entirety as vague and ambiguous.  New Mexico 
further objects to this request to the extent a response necessitates expert opinion. Subject to its 
objections, New Mexico denies RFA No. 16. 
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REQUEST FOR ADMISSION NO. 17: Admit that ground water pumping in New Mexico 
interferes with delivery of Project Return flows that would otherwise reach Texas.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “groundwater pumping,” “interferes,” “delivery” and “Return flows,” and to the phrase 
“that otherwise would reach” as vague and ambiguous.  New Mexico further objects to this 
request to the extent a response necessitates expert opinion.  Subject to its objections, New 
Mexico denies RFA No. 17. 
 
 
REQUEST FOR ADMISSION NO. 18: Admit that the Compact’s geographic boundary extends 
to Fort Quitman in Texas.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“extends” and to the phrase “Compact’s geographic boundary” as vague and ambiguous.  New 
Mexico further objects to this request to the extent it seeks a legal conclusion, which is improper 
under FRCP 36(a)(1).  Subject to its objections, New Mexico admits that the Compact, in its 
preamble, states that it applies to “the use of the waters of the Rio Grande above Fort Quitman, 
Texas” and was entered “for the purpose of effecting an equitable apportionment of such 
waters.”  The Compact speaks for itself, and New Mexico denies any inference that is 
inconsistent with the Compact.  Except as aforesaid, New Mexico denies RFA No. 18. 
 
 
REQUEST FOR ADMISSION NO. 19:  Admit that pumping of Groundwater tributary to the 
Rio Grande in the Lower Rio Grande interferes with deliveries of Project water Allocations to 
Texas.  
  
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “tributary,” “pumping,” “interferes,” and “deliveries,” and to this request in its entirety as 
vague and ambiguous.  New Mexico further objects to this request to the extent a response 
necessitates expert opinion.  New Mexico further objects to this request to the extent it seeks a 
legal conclusion, which is improper under FRCP 36(a)(1).  Subject to its objections, the location, 
amount and timing of groundwater pumping and associated impacts, and the response of Project 
operations is the subject of expert testimony in this case, and New Mexico denies any inferences 
that are inconsistent with its expert disclosures.  Except as aforesaid, New Mexico denies RFA 
No. 19. 
 
 
REQUEST FOR ADMISSION NO. 20:  Admit that pumping of Groundwater tributary to the 
Rio Grande in the Lower Rio Grande interferes with deliveries of Texas’s Compact 
Apportionment.  
  
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “tributary,” “pumping,” “interferes,” and “deliveries” as vague and ambiguous.  New 
Mexico further objects to this request to the extent a response necessitates expert opinion.  New 
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Mexico further objects to this request to the extent it seeks a legal conclusion, which is improper 
under FRCP 36(a)(1).  Subject to its objections, the location, amount and timing of groundwater 
pumping and associated impacts, and the response of Project operations is the subject of expert 
testimony in this case, and New Mexico denies any inferences that are inconsistent with its 
expert disclosures.  Except as aforesaid, New Mexico denies RFA No. 20. 
 

 
REQUEST FOR ADMISSION NO. 21:  Admit that the amount of Rio Grande water that 
Colorado must deliver to the Colorado-New Mexico State line is based upon flow data and 
conditions that existed prior to 1938.   
  
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “amount,” “Rio Grande water” and “deliver,” and to the phrase “flow data and conditions 
that existed prior to 1938” as vague and ambiguous.  New Mexico further objects to this request 
to the extent it seeks a legal conclusion, which is improper under FRCP 36(a)(1).  Subject to its 
objections, New Mexico admits that to the extent Article III of the Compact uses data, it was 
necessarily available prior to the approval of the Compact.  The Compact speaks for itself, and 
New Mexico denies any inference that is inconsistent with the Compact.  Except as aforesaid, 
New Mexico denies RFA No. 21.   
 
 
REQUEST FOR ADMISSION NO. 22:  Admit that the amount of Rio Grande water that New 
Mexico must deliver into Elephant Butte Reservoir to satisfy the Texas Compact Apportionment is 
based upon flow data and conditions that existed prior to 1938.  
   
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
terms “amount,” “Rio Grande water,” “deliver” and “satisfy,” and to the phrase “flow data and 
conditions that existed prior to 1938” as vague and ambiguous.  New Mexico further objects to 
this request to the extent it seeks a legal conclusion, which is improper under FRCP 36(a)(1).  
Subject to its objections, New Mexico admits that Article IV of the Compact is based upon data 
that was necessarily available prior to the approval of the Compact.  The Compact speaks for 
itself, and New Mexico denies any inference that is inconsistent with the Compact.  Except as 
aforesaid, New Mexico denies RFA No. 22.   
 
 
REQUEST FOR ADMISSION NO. 23:  Admit that New Mexico, at least since 1985, has known 
that the pumping of Groundwater tributary to the Rio Grande in the Lower Rio Grande for use in 
New Mexico reduced the volume of water that absent such pumping would flow into Texas.  
   
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“tributary,” “known” and “pumping,” and to the phrases “at least since 1985,” “in the Lower Rio 
Grande for use in New Mexico,” “reduced the volume of water” and “would flow into” as vague 
and ambiguous.  New Mexico further objects to this request to the extent a response necessitates 
expert opinion. Subject to its objections, New Mexico denies RFA No. 23.   
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REQUEST FOR ADMISSION NO. 24:  Admit that since 1985, the volume of groundwater 
pumping in the Lower Rio Grande is greater than the volume of ground water pumping in the 
Lower Rio Grande in 1938.    
  
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“volume,” “groundwater pumping,” “ground water pumping,” “Lower Rio Grande” and “greater,” 
and to the phrase “since 1985” as vague and ambiguous.  New Mexico further objects to this 
request to the extent a response necessitates expert opinion.  Subject to its objections, New Mexico 
admits that the volume of groundwater pumping below Elephant Butte Reservoir since 1985 is 
generally higher than the volume pumped in 1938.   
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico rephrases its response as 
follows: New Mexico admits that, since 1985, the volume of groundwater pumping in the Lower 
Rio Grande is generally greater than the volume of ground water pumping in the Lower Rio 
Grande in 1938.  New Mexico further asserts that, since 1985, the volume of groundwater pumping 
in the Compact area in Texas is generally greater than the volume of ground water pumping in the 
Compact area in Texas in 1938. 
 
 
REQUEST FOR ADMISSION NO. 25:  Admit that groundwater pumping consistent with state 
law in New Mexico in the Lower Rio Grande must be authorized or permitted by the State of New 
Mexico. 
  
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“groundwater pumping,” “state law” and “Lower Rio Grande,” and to the phrases “consistent 
with” and “must be authorized or permitted by,” and to the request in its entirety as vague and 
ambiguous.  New Mexico further objects to this request to the extent it seeks a legal conclusion, 
which is improper under FRCP 36(a)(1).  Subject to its objections, New Mexico admits that the 
State of New Mexico has jurisdiction over the waters within the state, and admits that groundwater 
pumping in the Lower Rio Grande must be “consistent with state law.”  Except as aforesaid, New 
Mexico denies RFA No. 25. 
 
 
REQUEST FOR ADMISSION NO. 26:  Admit that the State of New Mexico has authorized 
ground water pumping in the Lower Rio Grande.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“authorized” and “ground water pumping” as vague and ambiguous.  Subject to its objections, New 
Mexico admits that the State of New Mexico has jurisdiction over the waters within the state, and 
admits that groundwater pumping in the Lower Rio Grande must be consistent with state law.  
New Mexico further admits that since the declarations of the Lower Rio Grande Underground 
Water Basin, the New Mexico State Engineer has authorized certain groundwater pumping in that 
basin with appropriate conditions, subject to administrative rules, policies, and procedures.  Except 
as aforesaid, New Mexico denies RFA No. 26. 
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REQUEST FOR ADMISSION NO. 27: Admit that the volume of pumping of Groundwater 
tributary to the Rio Grande in the Lower Rio Grande has increased since 1951.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“tributary,” and to the phrases “volume of pumping” and “increased since 1951” as vague and 
ambiguous.  New Mexico further objects to this request to the extent a response necessitates expert 
opinion.  Subject to its objections, New Mexico admits that the volume of groundwater pumping in 
the Rio Grande basin below Elephant Butte Reservoir has increased in certain years since 1951.  
The location, amount and timing of groundwater pumping and associated impacts, and the 
response of Project operations is the subject of expert testimony in this case, and New Mexico 
denies any inferences that are inconsistent with its expert disclosures.  Except as aforesaid, New 
Mexico denies RFA No. 27. 
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico admits that the volume 
of pumping of Groundwater hydrologically connected to the Rio Grande in the Lower Rio Grande 
in New Mexico, as well the volume of pumping of Groundwater hydrologically connected to the 
Rio Grande in Texas, has increased in certain years since 1951. 
 

 
REQUEST FOR ADMISSION NO. 28: Admit that New Mexico, prior to May 22, 2018, did not 
provide notice to Texas of the allegations set forth in the First Claim for Relief in New Mexico’s 
Counterclaims filed in This Case.   
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
phrases “prior to May 22, 2018” and “provide notice” as vague and ambiguous.  Subject to its 
objections, New Mexico denies RFA No. 28. 
 
 
REQUEST FOR ADMISSION NO. 29:  Admit that New Mexico, prior to May 22, 2018, did not 
provide notice to Texas of the allegations set forth in the Fourth Claim for Relief in New Mexico’s 
Counterclaims filed in This Case.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
phrases “prior to May 22, 2018” and “provide notice” as vague and ambiguous.  Subject to its 
objections, New Mexico denies RFA No. 29. 
 
 
REQUEST FOR ADMISSION NO. 30: Admit that well pumping of Groundwater tributary to 
the Rio Grande in the Mesilla and Rincon Valleys in New Mexico depletes Rio Grande surface 
flows.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“tributary,” “well pumping” and “depletes,” and to the phrases “Groundwater tributary to the Rio 
Grande in the Mesilla and Rincon Valleys in New Mexico” and “Rio Grande surface flows” as 
vague and ambiguous.  New Mexico further objects to this request to the extent a response 
necessitates expert opinion.  Subject to its objections, New Mexico admits that under certain 

TX_MSJ_000740



12 
 

conditions, in certain years, groundwater pumping in the Mesilla and Rincon Valleys in New 
Mexico, and in the Mesilla and El Paso Valleys in Texas, has the potential to deplete Rio Grande 
surface flows.  The degree to which depletions occur in any given year is the subject of expert 
testimony in this case, and New Mexico denies any inferences that are inconsistent with its expert 
disclosures.  Except as aforesaid, New Mexico denies RFA No. 30. 
 

 
REQUEST FOR ADMISSION NO. 31:  Admit that between 1938 and 2020 the New Mexico 
Office of the State Engineer has never curtailed well pumping in the Lower Rio Grande to avoid 
depleting surface flows in the Lower Rio Grande.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“curtailed” and “well pumping,” to the phrases “between 1938 and 2020,” “has never” and “to 
avoid depleting surface flows,” and to this request in its entirety as vague and ambiguous.  Subject 
to its objections, New Mexico denies RFA No. 31. 
 
 
REQUEST FOR ADMISSION NO. 32:  Admit that groundwater pumping by the City of Las 
Cruces under LRG-430 has decreased the volume of Rio Grande surface water delivered to Texas 
below the volume of surface water that would have been present under pre-pumping conditions.  
 
RESPONSE:  In addition to New Mexico’s General Objections, New Mexico objects to the term 
“delivered,” to the phrases “groundwater pumping by the City of Las Cruces,” “decreased the 
volume of Rio Grande surface water,” and “below the volume of surface water that would have 
been present” and “under pre-pumping conditions,” and to this request in its entirety as vague and 
ambiguous.  New Mexico further objects to this request to the extent a response necessitates expert 
opinion.  Subject to its objections, the location, amount and timing of groundwater pumping and 
associated impacts, the degree to which depletions occur in any given year, the volume of return 
flows and other offsets, whether pumping under LRG-430 has decreased or contributed to an 
increase in the volume of the flows of the Rio Grande, and the response of Project operations, is 
the subject of expert testimony in this case, and New Mexico denies any inferences that are 
inconsistent with its expert disclosures.  Except as aforesaid, New Mexico denies RFA No. 32. 
 
 
REQUEST FOR ADMISSION NO. 33: Admit that pumping of Groundwater tributary to the Rio 
Grande in the Lower Rio Grande depletes drain flows within the Project Area.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“tributary,” “pumping,” “depletes,” “drain flows” and “within the Project Area” as vague and 
ambiguous.  New Mexico further objects to this request to the extent a response necessitates expert 
opinion.  Subject to its objections, New Mexico admits that under certain conditions, in certain 
years, groundwater pumping in the Rio Grande basin below Elephant Butte Reservoir has the 
potential to deplete drain flows.  The location, amount and timing of groundwater pumping, the 
effect, if any, on drain flows, and the response of Project operations is the subject of expert 
testimony in this case, and New Mexico denies any inferences that are inconsistent with its expert 
disclosures.  Except as aforesaid, New Mexico denies RFA No. 33. 
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SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico admits that, under certain 
conditions, in certain years, pumping of Groundwater hydrologically connected to the Rio Grande in 
the Lower Rio Grande, as well as pumping of Groundwater hydrologically connected to the Rio Grande 
in Texas, has the potential to deplete drain flows within the Project area. 

 
 
REQUEST FOR ADMISSION NO. 34:  Admit that pumping of Groundwater tributary to the 
Rio Grande in the Lower Rio Grande has decreased the volume of Rio Grande surface water in 
canals below the volume of surface water that would have been present under pre-groundwater 
pumping conditions.  
 
RESPONSE:  In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“tributary,” “pumping,” “Lower Rio Grande” and “canals,” and to the phrases “decreased the 
volume of” and “below the volume of surface water that would have been present under pre-
groundwater pumping conditions,” and to this request in its entirety as vague and ambiguous.  New 
Mexico further objects to this request to the extent a response necessitates expert opinion.  Subject 
to its objections, New Mexico admits that under certain conditions, in certain years, groundwater 
pumping in the Rio Grande basin below Elephant Butte Reservoir has the potential to deplete 
surface water in canals.  The location, amount and timing of groundwater pumping, the effect, if 
any, on Rio Grande surface water in canals, and the response of Project operations is the subject of 
expert testimony in this case, and New Mexico denies any inferences that are inconsistent with its 
expert disclosures.  Except as aforesaid, New Mexico denies RFA No. 34. 
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico admits that, under certain 
conditions, in certain years, pumping of Groundwater hydrologically connected to the Rio Grande in 
the Lower Rio Grande, as well as pumping of Groundwater hydrologically connected to the Rio Grande 
in Texas, has the potential to decrease the volume of Rio Grande surface water in canals below the 
volume of surface water that would have been present under pre-groundwater pumping conditions. 
 

 
REQUEST FOR ADMISSION NO. 35:  Admit that You were aware, by at least August 2005, 
that Texas was concerned about the impacts to Project supplies caused by New Mexico 
groundwater pumping.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“You,” “concerned,” “impacts” and “Project supplies,” to the phrases “were aware,” “by at least 
August 2005” and “New Mexico groundwater pumping,” and to this request in its entirety as vague 
and ambiguous.  Subject to its objections, New Mexico admits that Texas discussed potential 
impacts of groundwater pumping with New Mexico after 2000, and at that time New Mexico 
raised concerns with Texas regarding the potential impacts to Project supply caused by 
groundwater pumping in Texas.  New Mexico expressed a willingness to discuss groundwater use 
in both States, but Texas indicated that it no longer desired to discuss the subject.  Except as 
aforesaid, New Mexico denies RFA No. 35. 
 
 
REQUEST FOR ADMISSION NO. 36:  Admit that contract interpretation is a question of law.  
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RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the phrase 
“contract interpretation” as vague and ambiguous.  New Mexico further objects to this request as 
seeking a legal conclusion, which is improper under FRCP 36(a)(1).   

 
 
REQUEST FOR ADMISSION NO. 37:   Admit that groundwater pumping in the New Mexico 
Mesilla Valley from 1900 to the present has decreased the volume of Project surface water 
delivered to farm headgates in Texas below the volume of Project surface water that would have 
been delivered under pre-groundwater pumping conditions.  
  
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
phrases “groundwater pumping in the New Mexico Mesilla Valley,” “from 1900 to the present,” 
“decreased the volume of Project surface water delivered to farm headgates” and “below the 
volume of Project surface water that would have been delivered under pre-groundwater pumping 
conditions,” and to this request in its entirety as vague and ambiguous.  New Mexico further 
objects to this request to the extent a response necessitates expert opinion.  Subject to its 
objections, the location, amount and timing of groundwater pumping, the effect, if any, on Rio 
Grande surface water delivered to farm headgates, and the response of Project operations is the 
subject of expert testimony in this case, and New Mexico denies any inferences that are 
inconsistent with its expert disclosures.  Except as aforesaid, New Mexico denies RFA No. 37. 
 
 
REQUEST FOR ADMISSION NO. 38:   Admit that groundwater pumping in the New Mexico 
Mesilla Valley from 1900 to the present has decreased the volume of Project Return flows in drains 
below the amount of Project Return flows that would have been available under pre-pumping 
conditions.  

 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the 
phrases “groundwater pumping in the New Mexico Mesilla Valley,” “from 1900 to the present,” 
“decreased the volume of Project Return flows in drains below the amount of Project Return 
flows” and “that would have been available under pre-pumping conditions,” and to this request in 
its entirety as vague and ambiguous.  New Mexico further objects to this request to the extent a 
response necessitates expert opinion.  Subject to its objections, New Mexico admits that under 
certain conditions, in certain years, groundwater pumping in the Rio Grande basin below Elephant 
Butte Reservoir has the potential to decrease the volume of return flows in drains.  The location, 
amount and timing of groundwater pumping, the effect, if any on the volume of return flows in 
drains, and the response of Project operations is the subject of expert testimony in this case, and 
New Mexico denies any inference that is inconsistent with its expert disclosures.  Except as 
aforesaid, New Mexico denies RFA No. 38. 
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico admits that, under certain 
conditions, in certain years, groundwater pumping in the New Mexico Mesilla Valley, as well as in the 
Mesilla and El Paso Valleys in Texas, from 1900 to the present has decreased the volume of Project 
Return flows in drains below the amount of Project Return flows that would have been available under 
pre-pumping conditions. 
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REQUEST FOR ADMISSION NO. 39:  Admit that You were aware in 1950-1960 of ground 
water pumping in the Project Area in Texas.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“You,” to the phrases “were aware,” “in 1950-1960” and “ground water pumping in the Project 
Area in Texas,” and to this request in its entirety as vague and ambiguous.  Subject to its 
objections, New Mexico admits at least some person or entity within Texas’s expansive definition 
of “You” was aware of groundwater pumping activity within Texas’s definition of “Project Area” 
in Texas between 1950 and 1960.  Except as aforesaid, New Mexico denies RFA No. 39.   
 
 
REQUEST FOR ADMISSION NO. 40:  Admit that You were aware in 1960-1970 of ground 
water pumping in the Project Area in Texas.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“You,” to the phrases “were aware,” “in 1960-1970” and “ground water pumping in the Project 
Area in Texas,” and to this request in its entirety as vague and ambiguous.  Subject to its 
objections, New Mexico admits at least some person or entity within Texas’s expansive definition 
of “You” was aware of groundwater pumping activity within Texas’s definition of “Project Area” 
in Texas between 1960 and 1970.  Except as aforesaid, New Mexico denies RFA No. 40.   
 
 
REQUEST FOR ADMISSION NO. 41:  Admit that You were aware in 1970-1980 of ground 
water pumping in the Project Area in Texas.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“You,” to the phrases “were aware,” “in 1970-1980” and “ground water pumping in the Project 
Area in Texas,” and to this request in its entirety as vague and ambiguous.  Subject to its 
objections, New Mexico admits at least some person or entity within Texas’s expansive definition 
of “You” was aware of groundwater pumping activity within Texas’s definition of “Project Area” 
in Texas between 1970 and 1980.  Except as aforesaid, New Mexico denies RFA No. 41.   
 
 
REQUEST FOR ADMISSION NO. 42:  Admit that You were aware in 1980-1990 of ground 
water pumping in the Project Area in Texas.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“You,” to the phrases “were aware,” “in 1980-1990” and “ground water pumping in the Project 
Area in Texas,” and to this request in its entirety as vague and ambiguous.  Subject to its 
objections, New Mexico admits at least some person or entity within Texas’s expansive definition 
of “You” was aware of groundwater pumping activity within Texas’s definition of “Project Area” 
in Texas between 1980 and 1990.  Except as aforesaid, New Mexico denies RFA No. 42.   
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REQUEST FOR ADMISSION NO. 43:  Admit that You were aware in 1990-2000 of ground 
water pumping in the Project Area in Texas.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“You,” to the phrases “were aware,” “in 1990-2000” and “ground water pumping in the Project 
Area in Texas,” and to this request in its entirety as vague and ambiguous.  Subject to its 
objections, New Mexico admits at least some person or entity within Texas’s expansive definition 
of “You” was aware of groundwater pumping activity within Texas’s definition of “Project Area” 
in Texas between 1990 and 2000.  Except as aforesaid, New Mexico denies RFA No. 43.   
 
 
REQUEST FOR ADMISSION NO. 44:  Admit that You were aware in 2000-2010 of ground 
water pumping in the Project Area in Texas.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“You,” to the phrases “were aware,” “in 2000-2010” and “ground water pumping in the Project 
Area in Texas,” and to this request in its entirety as vague and ambiguous.  Subject to its 
objections, New Mexico admits at least some person or entity within Texas’s expansive definition 
of “You” was aware of groundwater pumping activity within Texas’s definition of “Project Area” 
in Texas between 2000 and 2010.  Except as aforesaid, New Mexico denies RFA No. 44.   
 
 
REQUEST FOR ADMISSION NO. 45:  Admit that You were aware in 2010-present of ground 
water pumping in the Project Area in Texas.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the term 
“You,” to the phrases “were aware,” “in 2010-present” and “ground water pumping in the Project 
Area in Texas,” and to this request in its entirety as vague and ambiguous.  Subject to its 
objections, New Mexico admits at least some person or entity within Texas’s expansive definition 
of “You” was aware of groundwater pumping activity within Texas’s definition of “Project Area” 
in Texas between 2010 and the present.  Except as aforesaid, New Mexico denies RFA No. 45.   
 
 
REQUEST FOR ADMISSION NO. 46:  Admit that the farm delivery requirement for farmers in 
the Lower Rio Grande established by the Adjudication Court in Stream System 97-101 was 4.5 
acre-feet per acre.  

 
RESPONSE:  In addition to New Mexico’s General Objections, New Mexico objects to the term 
“farm delivery requirement,” and to the phrase “farmers in the Lower Rio Grande” as vague and 
ambiguous.  Subject to its objections, New Mexico asserts that the Final Judgment in SS-97-101 
speaks for itself.  New Mexico denies any inference inconsistent with this judgment.  Except as 
aforesaid, New Mexico denies RFA No. 46.  
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico denies that the final 
judgment in SS-97-101 approved a farm delivery requirement (“FDR”) of 4.5 acre-feet per acre for 
all irrigated acres in the Lower Rio Grande.  The final judgment approved an FDR of 3.024 acre-
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feet per acre for lands irrigated with surface water only, up to 4.5 acre-feet per acre for combined 
surface and groundwater acres, and up to 4.5 acre-feet per acre for groundwater-only acres. 
 
 
REQUEST FOR ADMISSION NO. 47:  Admit that under Stream System 97-101 pecan growers 
could establish a right to a farm delivery requirement of 5.5 acre-feet per acre by a date certain.  
 
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“pecan growers” and “farm delivery requirement” as vague and ambiguous.  Subject to its 
objections, New Mexico asserts that the Final Judgment in SS-97-101 speaks for itself.  New 
Mexico denies any inference inconsistent with this judgment.  Except as aforesaid, New Mexico 
denies RFA No. 47.  
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico admits that the final 
judgment in SS-97-101 allowed certain farmers to submit evidence to support a farm delivery 
requirement of up to 5.5 acre-feet per acre.  Few farmers took advantage of this process, and the 
window for making such submissions has closed. 

 
 

REQUEST FOR ADMISSION NO. 48:  Admit that the State of New Mexico’s expert witness in 
Stream System 97-101, John Longworth, used a version of the Blaney-Criddle Method in 
determining a proposed farm delivery requirement of 3.0 acre-feet per acre.  
  
RESPONSE:  In addition to New Mexico’s General Objections, New Mexico objects to the term 
“used,” and to the phrases “a version of the Blaney-Criddle Method,” “in determining a proposed 
farm delivery requirement” as vague and ambiguous.  Subject to its objections, New Mexico 
admits that Mr. Longworth submitted an expert report in Case No. CV-96-888 that discussed the 
Modified Blaney-Criddle Method.  Mr. Longworth’s expert report speaks for itself.  New Mexico 
denies that Mr. Longworth “proposed [a] farm delivery requirement of 3.0 acre-feet per acre.”  
Except as aforesaid, New Mexico denies RFA No. 48.  
 

 
REQUEST FOR ADMISSION NO. 49:  Admit that the farm delivery requirement of 3.0 acre-
feet per acre as proposed by the State of New Mexico in Stream System 97-101 was selected in 
part because of concerns about the effect of groundwater pumping on Compact deliveries to Texas.  
  
RESPONSE: In addition to New Mexico’s General Objections, New Mexico objects to the terms 
“farm delivery requirement,” “concerns,” “effect” and “groundwater pumping,” and to the phrases 
“as proposed by the State of New Mexico,” “was selected in part,” and “Compact deliveries” as 
vague and ambiguous.  New Mexico further objects to this request as improperly seeking 
information protected by attorney-client privilege.  Subject to its objections, New Mexico denies 
RFA No. 49.   
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REQUEST FOR ADMISSION NO. 50:  Admit that attached hereto as Exhibit B is a true and 
correct copy of the September 13, 1935 report of the Board of Review of the National Resource 
Committee Relating to water projects on the Rio Grande above El Paso.  
 
RESPONSE: The document at Exhibit B was not authored or created by New Mexico.  In 
addition, Exhibit B is not a document produced by New Mexico, and New Mexico does not have a 
copy in its records.  Accordingly, New Mexico is unable to authenticate the same or to say whether 
this document is a true and correct copy.   
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico further asserts that the 
information New Mexico knows or can readily obtain is insufficient to enable it to admit or deny 
Texas’s request. 

 
 

REQUEST FOR ADMISSION NO. 51: Admit that attached hereto as Exhibit C is a true and 
correct copy of the Proceedings of the Rio Grande Compact Commission meetings of March 3 
through March 18, 1938 (Including appendices).  

 
RESPONSE:  Admit.   
 
 
REQUEST FOR ADMISSION NO. 52: Admit that attached hereto as Exhibit D is a true and 
correct copy of the Engineers Report to the Rio Grande Compact Commission dated December 27, 
1937.  
 
RESPONSE: Admit. 
 

 
REQUEST FOR ADMISSION NO. 53: Admit that attached hereto as Exhibit E is a true and 
correct copy of the U.S. Geological Survey, Preliminary memorandum on ground-water supplies 
for Elephant Butte Irrigation District, New Mexico, September 1947 (known as the “Conover 
Report”) (at NM_00124167-193.)  
 
RESPONSE: Admit. 
 

 
REQUEST FOR ADMISSION NO. 54: Admit that the U.S. Geological Survey, Preliminary 
memorandum on ground-water supplies for Elephant Butte Irrigation District, New Mexico, 
September 1947, (NM_00124167-193) (i.e., the Conover Report) is part of the official records of 
the State of New Mexico Office of the State Engineer.  
 
RESPONSE:  In addition to New Mexico’s General Objections, New Mexico objects to the phrase 
“official records of the State of New Mexico Office of the State Engineer” as vague and 
ambiguous.  New Mexico is unable to determine what Texas means by the phrase “official records 
of the State of New Mexico Office of the State Engineer.”  Subject to its objections, New Mexico 
admits that the Office of the State Engineer has a copy of the document marked as Exhibit E.  
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However, New Mexico is unaware whether this Office maintains “official records” within the 
meaning intended by Texas.  Therefore, New Mexico is unable to admit or deny whether Exhibit E 
“is part” of such “official records.”  Except as aforesaid, New Mexico denies RFA No. 54. 
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico admits that, under the 
expansive definition of “official records” proffered by Texas, the Office of the State Engineer has a 
copy of Exhibit E in its “official records.”  New Mexico denies this has any legal significance. 
 

 
REQUEST FOR ADMISSION NO. 55: Admit that the U.S. Geological Survey, Preliminary 
memorandum on ground-water supplies for Elephant Butte Irrigation District, New Mexico, 
September 1947, (NM_00124167-193) (i.e., the Conover Report) was made a part of the official 
records of the State of New Mexico Office of the State Engineer in or before 1950.  
 
RESPONSE:  In addition to New Mexico’s General Objections, New Mexico objects to the 
phrases “was made a part of,” “the official records of the State of New Mexico Office of the State 
Engineer,” and “in or before 1950” as vague and ambiguous.  New Mexico has made a reasonable 
inquiry, and based on the information known or presently available to New Mexico, New Mexico 
is unable to admit or deny this request.     
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico further asserts that the 
information New Mexico knows or can readily obtain is insufficient to enable it to admit or deny 
Texas’s request. 
 

 
REQUEST FOR ADMISSION NO. 56: Admit that attached hereto as Exhibit F is a true and 
correct copy of the 1954 USGS Water-Supply Paper 1230, Ground-Water Conditions in the Rincon 
and Mesilla Valleys and Adjacent Areas in New Mexico (WSP 1230). 
 
RESPONSE: New Mexico denies that the comment embedded on Page 1 of Exhibit F is a part of 
the true and correct copy of the 1954 USGS Water-Supply Paper 1230, Ground-Water Conditions 
in the Rincon and Mesilla Valleys and Adjacent Areas in New Mexico (WSP 1230).  New Mexico 
admits that the remainder of Exhibit F is a true and correct copy of that document. 
 
 
REQUEST FOR ADMISSION NO. 57: Admit that attached hereto as Exhibit G is a true and 
correct copy of “Rio Grande, Elephant Butte Dam to El Paso, TX,” authored by the State of New 
Mexico Office of the State Engineer.  
 
RESPONSE: The document at Exhibit G is not a document produced by New Mexico.  New 
Mexico has made a reasonable inquiry, and based on the information known or presently available 
to New Mexico, New Mexico is unable to admit or deny this request.     
 
SUPPLEMENTAL RESPONSE: Subject to its objections, New Mexico further asserts that the 
information New Mexico knows or can readily obtain is insufficient to enable it to admit or deny 
Texas’s request. 
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505-239-4672 

MARCUS J. RAEL, JR.* 
LUIS ROBLES 
Special Assistant Attorney General 
Robles Rael & Anaya 
500 Marquette Ave NW #700 
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marcus@roblesrael.com 
505-242-2228  
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JOHN B. DRAPER 
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IN THE 

SUPREME COURT OF THE UNITED STATES 
 

____________♦____________ 
STATE OF TEXAS,  

                                                                          Plaintiff,                      
v. 
 

STATE OF NEW MEXICO and 
STATE OF COLORADO, 

 
                                                   Defendants. 

____________♦____________ 
 

OFFICE OF THE SPECIAL MASTER 
____________♦____________ 

 
STATE OF NEW MEXICO’S CERTIFICATE OF SERVICE 

____________♦____________ 
 
This is to certify that on October 30th, 2020, I caused a true and correct copy of the State of New 
Mexico’s Supplemental Responses to the State of Texas’s First Set of Requests for Admission 
to the State of New Mexico to be served by e-mail upon all counsel of record and interested parties 
on the Service List, attached hereto. 
 
 
 
 Respectfully submitted this 30th day of October 2020. 
 
 
 /s/ Michael A. Kopp  
 Michael A. Kopp 
 Special Assistant Attorney General 
 TROUT RALEY 
 1120 Lincoln Street, Suite 1600 
 Denver, Colorado 80203 
 (303) 861-1963 
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         IN THE SUPREME COURT OF THE UNITED STATES
          BEFORE THE OFFICE OF THE SPECIAL MASTER
                  HON. MICHAEL J. MELLOY

 STATE OF TEXAS            )
                           )
         Plaintiff,        )
                           )     Original Action Case
 VS.                       )     No. 220141
                           )     (Original 141)
 STATE OF NEW MEXICO,      )
 and STATE OF COLORADO,    )
                           )
         Defendants.       )

******************************************************
       REMOTE ORAL AND VIDEOTAPED DEPOSITION OF
                    JOHN D'ANTONIO
                    JUNE 24, 2020
                       VOLUME 1
******************************************************

      REMOTE ORAL AND VIDEOTAPED DEPOSITION of JOHN
D'ANTONIO, produced as a witness at the instance of
the Plaintiff State of Texas, and duly sworn, was
taken in the above-styled and numbered cause on
June 24, 2020, from 9:03 a.m. to 12:51 p.m., before
Heather L. Garza, CSR, RPR, in and for the State of
Texas, recorded by machine shorthand, at the offices
of HEATHER L. GARZA, CSR, RPR, The Woodlands, Texas,
pursuant to the Federal Rules of Civil Procedure and
the provisions stated on the record or attached
hereto; that the deposition shall be read and signed.
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17

    Mr. John Draper
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    325 Paseo De Peralta
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1               THE VIDEOGRAPHER:  The time is 9:03 a.m.

2 We're on the record.

3               (The witness was sworn.)

4               MR. SOMACH:  I guess we should start

5 with some appearances.  This is Stuart Somach.  I'm

6 the attorney for the State of Texas.  On the phone or

7 on the Zoom, I guess, is Rich Deitchman, Theresa

8 Barfield, Mac Goldsberry from my office, also

9 appearing on behalf of the State of Texas.  I'm not

10 sure if anybody else is on the phone.  There is -- I

11 have a list, but I can't entirely scroll through it

12 right now so if anybody else for Texas is on the

13 phone, just make your appearance.

14                     (No response.)

15               MR. SOMACH:  Then Jeff, for New Mexico?

16               MR. WECHSLER:  Good morning.  Jeff

17 Wechsler for the State of New Mexico, and we also have

18 or will have throughout the day John Draper, Greg

19 Ridgley, Arianne Singer, Shelly Dalrymple, Susan

20 Barela, Rolf Schmidt-Petersen, Peggy Barroll, and

21 Estevan Lopez.

22               MR. SOMACH:  And for the United States?

23               MR. LEININGER:  Good morning.  This is

24 Lee Leininger for the United States, and we're joined

25 with Jim Dubois from Department of Justice, Chris Rich
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1 and Shelly Randel from the solicitor's office, Ian

2 Ferguson, Michelle Estrada-Lopez, Bureau of

3 Reclamation.

4               MR. SOMACH:  And for the State of

5 Colorado?

6               MR. WALLACE:  Good morning.  This is

7 Chad Wallace, along with Preston Hartman, for the

8 State of Colorado.

9               MR. SOMACH:  And EP No. 1.

10               MR. HICKS:  Renea Hicks for El Paso

11 County Water Improvement District No. 1, and also on

12 the Zoom, I believe, is Dr. Al Blair.

13               MR. SOMACH:  Anybody on behalf of the

14 Elephant Butte Irrigation District?

15               MR. ESSLINGER:  Gary Esslinger.

16               MR. SOMACH:  Okay.

17               MR. FUCHS:  Erek Fuchs.

18               MR. SOMACH:  Okay.  What about -- I'll

19 just go down through the service list here if I could.

20 What about for Albuquerque?

21               MR. BROCKMANN:  Yes, Stuart, this is Jim

22 Brockmann on behalf of Albuquerque.  I'll also sit in

23 for Jay for the City of Las Cruces.

24               MR. SOMACH:  Okay.  City of El Paso?

25               MR. CAROOM:  Good morning.  Doug Caroom
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1 for the City of El Paso.

2               MR. SOMACH:  Hudspeth County

3 Conservation Reclamation District?

4                   (No response.)

5               MR. SOMACH:  New Mexico pecan growers?

6                   (No response.)

7               MR. SOMACH : New Mexico State?

8               MR. UTTON:  Good morning.  This is John

9 Utton.

10               MR. SOMACH:  Anybody else?  Okay.  Now,

11 Jeff, my -- is someone else -- want to say something?

12               MR. GEORGE:  Good morning.  This is

13 Jonathan George on behalf of Texas.  I was -- I missed

14 my cue to speak.

15               MR. SOMACH:  Okay.  Who else?  Anybody

16 else?

17                    (No response.)

18               MR. SOMACH:  Okay.  Jeff, my

19 understanding is we'll go to -- I'm trying to think

20 when my time -- 1:00 your time, and if necessary,

21 we'll -- we'll move into tomorrow, and we have Friday,

22 and heaven forbid that we need another half day, but I

23 do appreciate your accommodating me.  I did have a

24 conflict arise yesterday and because it was a family

25 conflict as opposed to a business conflict, I put the
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1 priority there, so I appreciate your accommodation.

2                     JOHN D'ANTONIO,

3 having been first duly sworn, testified as follows:

4                  E X A M I N A T I O N

5 BY MR. SOMACH:

6     Q.   Mr. D'Antonio, you've been sworn in, and I

7 know that you've had your deposition taken before; is

8 that correct?

9     A.   That's correct.

10     Q.   A few times?

11     A.   A couple of times as far as I can remember,

12 yes.

13     Q.   Have you ever -- you've never done one of

14 these remote depositions, have you?

15     A.   I have not.

16     Q.   Okay.  I -- I don't know if they're easier or

17 harder, to be honest with you.  This is the first one

18 I've taken so we'll experience this together.  Jeff's

19 an old hand at it, so he can help us out where we --

20 we run into problems.  But in general, this is just

21 like any other deposition, so I want to make certain

22 that you understand that you're under oath and that by

23 agreement of the parties and involvement of the

24 Special Master, an oath is the same as if we were in

25 the same room taking an in-person deposition.  Do you
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1 understand that?

2     A.   I do.

3     Q.   And you know that the deposition could, under

4 various circumstances, be utilized in the courtroom

5 during the trial of this case or elsewhere in this

6 case.  Do you understand that?

7     A.   Yes.

8     Q.   You can see me okay?

9     A.   I can if I look up.

10     Q.   Well, that's -- as it should be.

11     A.   Yep.

12     Q.   And you can see your attorney, Mr. Wechsler,

13 okay; is that correct?

14     A.   I can see him, yes.

15     Q.   All right.  Then without much further ado,

16 let's get started.  I -- because you're -- you're not

17 a -- testifying as a expert in the sense of -- of

18 being a retained consultant or even a non-retained

19 expert, I don't have any background information for

20 you, so I want to start there just to kind of get some

21 context.  I do have an exhibit I'm going to put up.

22 And, of course, I lost my list of exhibits somewhere

23 in the shuffle.  Let me grab it.  This would be what

24 is -- is marked as the John D'Antonio Bio.  So if you

25 could put that up for me.  Again, I've never done this
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1 before so I'm not sure entirely how this works, but

2 let's give it a try.  There you go.

3               MR. SOMACH:  Now, does the deponent have

4 control of that screen, so he can scroll through that?

5               THE VIDEOGRAPHER:  I'll give that to him

6 right now.

7               MR. SOMACH:  Okay.

8               THE VIDEOGRAPHER:  And just whenever

9 you -- you have to click on the screen to start the

10 control.

11               THE WITNESS:  Yes.

12     Q.   (BY MR. SOMACH)  Okay.  John, do you know what

13 it is --

14               MR. SOMACH:  And let's mark this as

15 Exhibit 1.

16               THE VIDEOGRAPHER:  Okay.

17               (Exhibit No. 1 was marked.)

18     Q.   (BY MR. SOMACH)  And, John, do you know what

19 that is?

20     A.   Yes.  It's my bio that I used when I was with

21 the U.S. Army Corps of Engineers from two thousand --

22 the end of 2011 to about March of 2019.

23     Q.   All right.  I don't -- you know, I'm only

24 using this particular exhibit as an anchor to kind of

25 run down through -- through your background.  I notice
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1 statutorily the chair of the water quality control

2 commission, part of the mining commission, and so I

3 got into some of the other aspects of -- of New Mexico

4 water associated with those particular areas, also

5 air -- air quality, DOD controls, so some of the Los

6 Alamos programs and clean up hazardous and toxic

7 waste.  Several others that escape me right now.

8     Q.   What -- what's the role -- that's the wrong

9 choice of words, but as a cabinet secretary, do you

10 have agencies that are below you in terms of your

11 responsibility that you're responsibility --

12 responsible for those state agencies?

13     A.   You have programs and bureaus, which are

14 headed by directors and bureau chiefs, but no, there's

15 just one agency.  New Mexico Environmental Department

16 is one agency.  New Mexico Office of the State

17 Engineer is one agency, so there's no agencies

18 underneath those.

19     Q.   So is it a -- is it a -- a parallel --

20 correct me if I'm describing this wrong.  Is it a

21 parallel agency to the Office of State Engineer?

22     A.   I would say yes.  It just has different -- a

23 different mission but same -- same reporting to the

24 governor.  It's a -- it's an executive agency that

25 reports directly to the governor.
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1     Q.   As is the Office of State Engineer?

2     A.   Yes.

3     Q.   All right.  Now, how -- you said you were in

4 that job for a year, the last year of the

5 governor's --

6     A.   It was about five or six months.  No, it was

7 just closing out Governor Johnson's last -- last term.

8     Q.   And what -- what was -- when -- when that was

9 done, what did you do then?

10     A.   Well, I thought I had to look for another job

11 based on working for a Republican governor and -- and

12 Governor Richardson was coming in as a -- as a

13 Democrat.  Everybody knew that.  Typically what

14 happens is all those agency heads are wiped clean, and

15 they start fresh.  In my particular case, I was -- I

16 worked with their transition team to help them come up

17 to speed.  They asked me if I was interested in

18 staying on as secretary of the environment department,

19 and I said no, but I -- I said I'd rather be state

20 engineer, and they asked me if I had put in for that

21 position, and I said no, and they asked me to go ahead

22 and put in for that position, which I did interview

23 for the -- for the position and was appointed by

24 Governor Richardson.

25     Q.   How long -- I'm sorry?
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1     A.   Go ahead.

2     Q.   I -- I interrupted you.  Go ahead and finish.

3     A.   I was just appointed for immediately Governor

4 Richardson took office?

5     Q.   What -- I want to come back to the role of

6 state engineer in a little bit and spend a little time

7 on it so I can understand it, but how long were you in

8 the job of state engineer -- state engineer at that

9 point in time?

10     A.   So at that point in time, that was my first

11 appointment to the state engineer position.  As I had

12 stated earlier, I worked for the agency since 1998,

13 but that was the -- my first time when I got appointed

14 in 2003 state engineer, and I worked for Governor

15 Richardson for his eight years, both his admin -- both

16 of his terms of office.  So from 2008 to 2011, I

17 worked for -- for him.

18     Q.   In -- in your opinion, was Governor

19 Richardson actively involved in New Mexico water

20 issues?

21     A.   Yes.

22     Q.   So you met with him often; is that correct?

23     A.   Yes.

24     Q.   And all these things are relative and so you

25 can qualify this in any way you want to, but -- but
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1 did he have a knowledge of -- of water and water

2 resources in -- in New Mexico?

3     A.   I would say he had general knowledge.  He was

4 a New Mexico Congressman in northern New Mexico for 16

5 years, so he dealt with a number of really complicated

6 issues, acequia issues, tribal issues, water issues.

7 He's very astute with respect to water, and he -- he

8 went to the trouble of putting together a 22-member

9 task force to find the state engineer and so the --

10 the candidates for the state engineer office had to do

11 at least two interviews in hotel ballrooms with a

12 U-shaped table with 22 stakeholder groups asking

13 questions regarding the appropriateness of becoming

14 state engineer.  So he -- he did a lot of -- he put a

15 lot of effort into it.  I think he wanted some

16 political, you know, backing that there was a -- there

17 was knowledgeable people, all stakeholders within the

18 state that were participative in selecting the state

19 engineer's office to make sure it was not a political

20 buyer.

21     Q.   And you -- I assume you kept him informed

22 throughout the eight years of significant water issues

23 within the state?

24     A.   Yes.

25     Q.   And that included issues in -- I want to come
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1 back to this, also, but below Elephant Butte on the --

2 on the Rio Grande; is that correct?

3     A.   Yes.

4     Q.   So you were a state engineer, and we're going

5 to come back.  I want to talk about what that job

6 entails, but move me forward.  You were there for the

7 entire term of Governor Richardson, and then what?

8     A.   Then Governor Martinez was -- was elected.  I

9 stayed on for Governor Martinez -- almost her first

10 year, and I decided to leave in November.  So she was

11 elected at the end of -- so 2011 was her first year.

12 I -- I was state engineer until November of that first

13 year and decided to leave and take a job back with the

14 U.S. Army Corps of Engineers.

15     Q.   And what job was that with the -- the Corps

16 of Engineers?

17     A.   It was the -- the lead civilian position in

18 the Albuquerque district.  The title for it is Deputy

19 District Engineer for Programs and Project Management.

20     Q.   And how long were you in that -- that job?

21     A.   About seven-and-a-half years.

22     Q.   And is that the job that immediately preceded

23 your -- your coming back to the state engineer's

24 office?

25     A.   It is, but let me qualify it.  I had -- you
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1 know, I had three developmental assignments as a

2 deputy district engineer for programs and project

3 management, so I had two acting positions in senior

4 executive service, one in San Francisco, South Pacific

5 Division, one in Atlanta, Georgia, South Atlantic

6 Division, which were the -- they had two senior

7 executives that headed both those big division

8 offices, and I was in those two division offices.  And

9 then I decided to take a developmental assignment as

10 the western state's water council -- well, actually,

11 Western Federal Agency Support Team, which is

12 comprised of 12 federal agencies that deal with water

13 in -- in the western United States.  They needed a

14 liaison to those 12 federal agencies.  I went ahead

15 and put in for that because I was interested in

16 staying in -- in western water, and so I was working

17 in that capacity with the -- with -- with high-level

18 federal agency personnel in looking at water policy

19 and setting water policy for the western United

20 States.

21     Q.   And what was the name of that organization

22 again that --

23     A.   WestFAST so Western Federal Agency Support

24 Team.  Works with the western state's water council as

25 the -- as the liaison to all the federal agencies.  I
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1 did that for a few months before Governor Lujan

2 Grisham's folks came in and asked me to come back as

3 state engineer for New Mexico.

4     Q.   How did that occur?  Was that similar to your

5 selection as state engineer with Governor Richardson?

6     A.   A little bit different.  I -- I had answered

7 questions.  The transition team was searching for

8 candidates.  They wanted to interview me.  I told them

9 I was not interested in the position, but they -- I

10 interviewed with them to give them my view on things

11 that were going on, and they were -- they were still

12 in search and then they asked me if I would consider

13 coming back as state engineer.  My immediate response

14 was no.  After a few weeks that went by, they -- they

15 asked me again, and I said, well, if -- if she needs a

16 fallback position, I might consider it, and then they

17 sort of put a full court press on me, and she called

18 me directly to see if I would come back.

19     Q.   Is -- is the current governor as involved in

20 water issues as was Governor Richardson?

21     A.   It's a little bit different.  Her

22 organization structure is somewhat different.

23 Governor Richardson had a specific water policy person

24 who I could use as a -- as a conduit to the governor's

25 office very quickly.  Governor Lujan Grisham does not
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1 have just a specific water policy person, although we

2 do meet in what we call natural resource huddles, so

3 we meet with the natural resource groups, but I think

4 her plate -- and she's been focusing on healthcare

5 issues, education issues, and obviously this COVID-19

6 is taking all the oxygen in the room.  So she's --

7 she's concerned with it.  She -- but she's not as

8 directly involved as Governor Richardson was but under

9 obviously different circumstances.

10     Q.   Who was the liaison with -- for water issues

11 with Governor Richardson?

12     A.   The -- the liaison that -- he was the policy

13 person on water was Mr. Bill Hume, H-U-M-E.

14     Q.   What -- I notice in this Exhibit 1 that

15 there's a couple of Blue Ribbon Task Force that you

16 were a member of, one in 1998 to 2011 -- I guess maybe

17 they're the same.  They're just simply, on my sheet,

18 repeated.  But what are those or what was that?  I

19 assume they're the same thing, right?

20     A.   They're -- they are the same thing, but they

21 were comprised of different personnel.  From 2008 to

22 2011, it was an organization that was stood up by

23 Governor Johnson.  I was asked by Tom Turney, who was

24 the state engineer at that time, to attend those

25 meetings for him, which I did, and it was more of the
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1 business farming communities that -- that were

2 interested in water policy within the State of New

3 Mexico.  I worked very closely with them for those

4 three years.  Governor Richardson stood up his own

5 Blue Ribbon Task Force when he became governor and

6 appointed different personnel.  There -- there was a

7 little bit of overlap with -- with the first Blue

8 Ribbon Task Force, but it was a bigger group, more

9 diverse with Governor Richardson, and so it was --

10 that was in place for the eight years under Governor

11 Richardson.

12     Q.   I notice on that very last paragraph in

13 Exhibit 1, there's some -- I assume these are specific

14 roles that you had or jobs or tasks that you had,

15 however you want to describe them, while you were

16 state engineer.  Can you run through those and kind of

17 explain what those were?

18     A.   Sure.  The first one, Secretary of the

19 Interstate Stream Commission, statutorily the state

20 engineer, is the Secretary of the Interstate Stream

21 Commission.  Chairman of the Water Trust Board, that

22 is a -- that's also -- in the statutes, the Chairman

23 is elected to a 15-member board.  The Chairman is

24 elected by his order of peers.  That's -- ten of those

25 board members are other cabinet secretaries within --
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1 Grande at the Colorado/New Mexico state line," and

2 then it refers to -- to further define that

3 obligation.  But -- but it begins, "The obligation of

4 Colorado to deliver water in the Rio Grande at the

5 Colorado/New Mexico state line measured at or near

6 Lobatos" and so forth.  Did I read that correctly?

7     A.   Yes.

8     Q.   Okay.  Take a look at Article 4.  Article 4

9 begins with this statement, "The obligation of New

10 Mexico to deliver water to the Rio Grande at San

11 Marcial."  We know that one's changed.  Let me stop

12 there and say:  Did I read that clause correctly?

13     A.   Yes.

14     Q.   Is the obligation imposed on Colorado and New

15 Mexico, are those obligations, at least the way

16 they're described, that clause that I read -- that I

17 recognize that after the clause, things are different,

18 but the initial clause, are they the same in Article 3

19 as in Article 4?

20     A.   Well, the same in what respect?  The clause

21 in the first requires a state delivery, this one

22 requires a delivery at San Marcial, so I'm not sure

23 what you mean.

24     Q.   Well, the delivery is to two different

25 obligations, but is the language the obligation of New
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1 Mexico to deliver water in the Rio Grande, is that

2 language that begins Article 4 identical with the use

3 of the word Colorado instead of New Mexico, is it

4 identical in both clauses --

5     A.   Yes.

6     Q.   -- in both articles?

7     A.   Yes.

8               MR. WECHSLER:  Object to form.

9     Q.   (BY MR. SOMACH)  Do you have any reason to

10 believe, as state engineer and commissioner for New

11 Mexico, that those two clauses should be interpreted

12 differently?

13               MR. WECHSLER:  Object to the extent it

14 calls for a legal conclusion.

15               MR. SOMACH:  Not looking for a legal

16 conclusion.

17     Q.   (BY MR. SOMACH)  Your -- your views,

18 Mr. D'Antonio.

19     A.   Can you please ask it again?

20     Q.   The language that I'm talking about with the

21 exception of New Mexico and Colorado in Articles 3 and

22 4 reads the same.  Is there any reason you can think

23 of in your -- your -- your understanding of the

24 Compact as commissioner why that language should be

25 interpreted differently in Article 3 than it is
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1 interpreted for Article 4?

2               MR. WECHSLER:  Object to form.

3     A.   No.

4     Q.   (BY MR. SOMACH)  Okay.  And presumably, as the

5 commissioner for New Mexico, you're concerned about

6 the interpretation and obligations in both Articles 3

7 and 4; is that correct?

8     A.   Yes.

9     Q.   Once Colorado delivers water pursuant to

10 Article 3, may it intercept that water for use in

11 Colorado?

12     A.   I'm sorry.  I missed that -- the question.

13 Please ask it again.

14     Q.   Once Colorado delivers water to -- to the

15 Colorado/New Mexico state line, can Colorado intercept

16 that water for use in Colorado?

17               MR. WECHSLER:  Object to form.

18     A.   I'm (unintelligible).

19     Q.   (BY MR. SOMACH)  It may not.  Is that what

20 you're saying?

21     A.   Yes.  It may not.

22     Q.   Once it gets into New Mexico, it becomes New

23 Mexico's water; is that correct?

24     A.   Correct.

25     Q.   Now, we touched on this earlier, and I want
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1 to get more specific on the question now, but was

2 Texas apportioned water under the Compact?

3     A.   Yes.  According to the Compact, yes.

4     Q.   What water was Texas apportioned under the

5 Compact?

6     A.   Percentage of the natural flow that goes to

7 the Otowi gage index.

8     Q.   And when you say a percentage, what is that

9 percentage?

10     A.   It's based on the quantity that's -- that

11 passes the -- the gage.  There's a prescribed amount

12 that -- that's shared between New Mexico and Texas,

13 and then once it gets to a certain level, the

14 remainder goes, again, into the project to Texas

15 essentially, but it's shared by EBID down there.

16     Q.   What -- what about the water that's delivered

17 into Elephant Butte reservoir, is that apportioned to

18 Texas?

19     A.   A part of it is.  43 percent is supposed to

20 go to Texas, and 57 percent is to remain for use by

21 the EBID farmers.

22     Q.   Is that -- is that split that you made

23 pursuant to the Compact or pursuant to the downstream

24 reclamation contracts involving EBID and EP No. 1?

25     A.   It's pursuant to the historical operation of
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1 the Compact, as well as to the 1938 contracts that --

2 that the federal government had with the districts.

3     Q.   That historic operation that you refer to, is

4 that historic operation consistent with or in

5 furtherance of the downstream contracts?

6     A.   It's consistent with.

7     Q.   So -- and I'm just trying to understand.  In

8 terms of understanding what water is apportioned to

9 Texas, it is -- it is the water that's in Elephant

10 Butte reservoir subject to EBID's contract with the

11 United States is -- and let's exclude from this

12 discussion.  Let's assume that 60,000 acre feet is

13 going to Mexico so of the residual, is the water in

14 the reservoir apportioned to Texas subject to EBID's

15 downstream contract rights?  Is that a way of -- of

16 phrasing it?  Is that a proper phraseology?

17               MR. WECHSLER:  Objection; ambiguous;

18 compound; misstates prior testimony.

19               MR. SOMACH:  I'm not relying on prior

20 testimony.

21     Q.   (BY MR. SOMACH)  Did you understand what I

22 asked?

23     A.   Can you break it down into specific

24 questions, please?

25     Q.   Well, is the water that is in Elephant Butte
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1 reservoir all apportioned to Texas except for the

2 amount of water that goes to EBID under its downstream

3 contract with Reclamation?

4               MR. WECHSLER:  Object to form.

5     A.   Yes.  Minus any credit water that's in there

6 and minus any San Juan-Chama water that's in there.

7 So it's taken into consideration the total of what's

8 in Elephant Butte.

9     Q.   (BY MR. SOMACH)  And I want to talk a little

10 bit about all the water in Elephant Butte.  I think

11 probably what -- to clarify for now because I want to

12 talk about what other water is in Elephant Butte, but

13 usable water is what you're talking about; is that

14 correct?

15     A.   That's correct.

16     Q.   Okay.  Okay.  We're at -- I'm about to move

17 into another little area here.  I notice that in

18 California, it's 11:50.  In New Mexico, it's, now,

19 12:50.  I'm wondering if this is a good place to

20 break, and we'll pick up again at 8:00 my time and

21 9:00 -- does anybody have any objection to doing that?

22               MR. WECHSLER:  No objection.

23               MR. SOMACH:  Okay.  Then if that's the

24 case, let's go off the record, and we'll resume in --

25 I was going to say 12 hours, but that's not right.
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1 Whatever.  We'll resume in the morning, 9:00

2 Mr. D'Antonio's time, and -- and 8:00 my time.

3               THE WITNESS:  Very good.  Thank you.

4               THE VIDEOGRAPHER:  The time is 12:51

5 p.m.  We're off the record.

6               (The deposition concluded at 12:51 p.m.)
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6          That the amount of time used by each party at
7 the deposition is as follows:
8          MR. SOMACH - 03:11:39

         MR. WECHSLER - 00:00:00
9          MR. LEININGER - 00:00:00

         MR. WALLACE - 00:00:00
10          MR. HICKS - 00:00:00
11

         GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
12 this, the 21st day of July, 2020.
13

14                     _____________________________

                    HEATHER L. GARZA, CSR, RPR, CRR
15                     Certification No.:  8262

                    Expiration Date:  04-30-22
16

17 Worldwide Court Reporters, Inc.

Firm Registration No. 223
18 3000 Weslayan, Suite 235

Houston, TX 77027
19 800-745-1101
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         IN THE SUPREME COURT OF THE UNITED STATES
          BEFORE THE OFFICE OF THE SPECIAL MASTER
                  HON. MICHAEL J. MELLOY

 STATE OF TEXAS            )
                           )
         Plaintiff,        )
                           )     Original Action Case
 VS.                       )     No. 220141
                           )     (Original 141)
 STATE OF NEW MEXICO,      )
 and STATE OF COLORADO,    )
                           )
         Defendants.       )

******************************************************
       REMOTE ORAL AND VIDEOTAPED DEPOSITION OF
                    JOHN D'ANTONIO
                    JUNE 25, 2020
                       VOLUME 2
******************************************************

      REMOTE ORAL AND VIDEOTAPED DEPOSITION of JOHN
D'ANTONIO, produced as a witness at the instance of
the Plaintiff State of Texas, and duly sworn, was
taken in the above-styled and numbered cause on
June 25, 2020, from 9:15 a.m. to 12:57 p.m., before
Heather L. Garza, CSR, RPR, in and for the State of
Texas, recorded by machine shorthand, at the offices
of HEATHER L. GARZA, CSR, RPR, The Woodlands, Texas,
pursuant to the Federal Rules of Civil Procedure and
the provisions stated on the record or attached
hereto; that the deposition shall be read and signed.
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1 FOR THE DEFENDANT STATE OF COLORADO:
2     Mr. Chad Wallace

    Mr. Preston V. Hartman
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    1300 Broadway, 7th Floor
4     Denver, Colorado 80203

    (720) 508-6281
5     chad.wallace@coag.gov

    preston.hartman@coag.gov
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7 FOR THE UNITED STATES:
8     Mr. James J. Dubois
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    Lee.leininger@usdoj.gov
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2
    Mr. Renea Hicks

3     LAW OFFICE OF MAX RENEA HICKS
    Post Office Box 303187

4     Austin, Texas 78703
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5     rhicks@renea-hicks.com
6
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21
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1               THE VIDEOGRAPHER:  Today is Thursday,

2 June 25th, 2020.  The time is 9:15 a.m.  We're on the

3 record.

4                     JOHN D'ANTONIO,

5 having been first duly sworn, testified as follows:

6                  E X A M I N A T I O N

7 BY MR. SOMACH:

8     Q.   Good morning, Mr. D'Antonio.

9     A.   Good morning.

10     Q.   How are you this morning?

11     A.   Fine.  Thank you.  How are you?

12     Q.   Good.  And you've got all of your -- your

13 various electronic equipment functioning at this point

14 in time; is that correct?

15     A.   I do, yes.  It's -- I can see the realtime

16 going on now, so thank you.

17     Q.   Good.

18               MR. SOMACH:  Let's do some appearances

19 here for the record.  This is Stuart Somach, attorney

20 of record for the State of Texas in this litigation,

21 and with me also on behalf of the State of Texas are

22 Francis Goldsberry, Theresa Barfield, Rich Deitchman,

23 and Robert Hoffman.  Those are the names that I see on

24 the screen that I have in front of me.  If there's

25 anybody else for Texas, why don't you make your
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1 appearance now.

2                    (No response.)

3               MR. SOMACH:  Okay.  And for New Mexico,

4 Jeff?

5               MR. WECHSLER:  Good morning.  Jeff

6 Wechsler for the State of New Mexico.  We're joined by

7 John Draper, Greg Ridgley, Arianne Singer, Shelly

8 Dalrymple, Susan Barela.  We will be joined at some

9 point today by Rolf Schmidt-Petersen, Peggy Barroll,

10 Estevan Lopez, and Ken Knox.

11               MR. SOMACH:  Okay.  And for the United

12 States?

13               MR. LEININGER:  Good morning.  This is

14 Lee Leininger, Department of Justice.  We're joined

15 today with Jim Dubois, Department of Justice; from the

16 solicitor's office, Chris Rich and Shelly Randel; also

17 from the Bureau of Reclamation, Ian Ferguson, and I

18 can't tell if Michelle has joined us.

19               MS. ESTRADA-LOPEZ:  I'm here.

20               MR. LEININGER:  Oh, there she is.  Thank

21 you.  Michelle Estrada-Lopez is also here.

22               MR. SOMACH:  And, Chad, for Colorado?

23               MR. WALLACE:  Good morning, Stuart.

24 This is Chad Wallace along with Preston Hartman for

25 Colorado.
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1               MR. SOMACH:  And is there anyone here

2 from EP No. 1?  I see Renea but --

3               MR. HICKS:  Renea Hicks for El Paso

4 County Water Improvement District No. 1, and also on

5 is Dr. Al Blair.

6               MR. SOMACH:  Okay.  EBID?

7               MR. ESSLINGER:  Good morning.  This is

8 Gary Esslinger.

9               MR. SOMACH:  Good morning, Gary.  Let's

10 go down then through the -- the list of other

11 intervenors.  Let's go to -- I'm sorry -- Albuquerque.

12               MR. BROCKMANN:  Yeah, Stuart, this is

13 Jim Brockmann.  I'll be on for Albuquerque and Las

14 Cruces, and I appreciate you granting us intervenor

15 status in this.

16               MR. SOMACH:  Oh, I said intervenors,

17 right?  Well, you know --

18               MR. BROCKMANN:  Take it.

19               MR. SOMACH:  -- you can take my

20 authority and put it in a thimble probably, so I'll

21 let you explain that I've granted you that to the

22 Special Master and to the Court.  On the other hand, I

23 can also grant intervenor authority to the City of El

24 Paso.  Who's on for the City of El Paso?  Anybody?

25               MR. BROCKMANN:  We might as well have
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1 documents.  Obviously, we're still in discovery.  I

2 would say, yeah, they were a proponent of the

3 operating agreement.

4 Q. (BY MR. SOMACH)  Are you familiar with what is

5 known as the D2 line?

6 A. Yes.

7 Q. Can you describe what the D2 line is, just so

8 the record is clear?  I'm sure the United States and

9 you will talk about this later, but -- but I just want

10 to make sure that you understand or -- what -- what

11 the D2 line is for the purposes of my limited

12 questions now.

13 A. Well, I understand it in -- in regards to the

14 D1/D2 concept, which is project -- essentially project

15 diversions over releases.  So the -- so if you take

16 EBID, distributions to EBID, to El Paso No. 1, and to

17 Mexico in relation to the total diversions from

18 Caballo, that gives you the -- the D1/D2 ratio.

19 Q. And that's based upon a -- a time period,

20 isn't it?

21 A. Yes, it is.

22 Q. And do you know what that time period is?

23 A. Approximately 1950 to 1978.

24 Q. Do you know whether or not Texas believes

25 that that's a appropriate time period to utilize for
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1 determining how much water should be apportioned or

2 allocated -- and I'll use both terms, you can -- you

3 can use whichever one you want -- to Texas?

4 A. Well, the -- they and New Mexico both

5 acquiesced to that timeline in how the project was

6 operated all the way up into 2005.

7 Q. When you say "acquiesced," what does that

8 mean?

9 A. That's how the -- the project was -- was

10 managed, the deliveries, the allocations were managed

11 based on that -- that relationship since -- since that

12 time, since the '50s.

13 Q. Are -- are you aware of what -- and only if

14 you're aware of what Texas' position is with respect

15 to what deliveries should be under the Compact?

16 A. No, I'm not aware of this.

17 Q. About -- we talked about this a bit ago, but

18 when -- when about did New Mexico learn that wells

19 were being pumped in the Hueco?

20   A.   I can't answer that question.  I'm sure it

21 was in the -- in the drought of the '50s, but I have

22 no knowledge of that time period on who knew when.

23 Q. Is there a hydrologic or physical

24 interconnection between the groundwater basin, the

25 Hueco groundwater basin, and the Mesilla/Rincon
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1 groundwater basins?

2  MR. WECHSLER:  Objection; foundation.

3 A. If there is, it's very slight or else they'd

4 be the same basin, so -- and honestly, I'm probably

5 not qualified to answer that so I would say I don't

6 know.

7 Q. (BY MR. SOMACH)  You'd say you don't know?

8 A. I don't know.

9   Q.   Okay.  If I could have put up the Bates No.

10 US0539807.  It's a August, 2005, PowerPoint

11 presentation.  There we go.  And let's mark this the

12 next exhibit in line.  I think it's 3; is that right?

13  (Exhibit No. 3 was marked.)

14   Q.   (BY MR. SOMACH)  I'm being parsimonious with

15 my exhibits.  Can you take a look and scroll through

16 this document, Mr. D'Antonio?  Let me know when you're

17 ready.  I'd like to talk a little bit about it.

18 A. Not very responsive on my scrolling here.

19 Q. Take your time.  We'll suffer through the

20 technology.

21 A. I think I have the general idea of what it is

22 and I can refer to specific slides based on your

23 question.

24 Q. Okay.  Well, first question about Exhibit 3

25 is what is it?

TX_MSJ_000797_003
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1 A. It's a PowerPoint presentation on Active

2 Water Resource Management in the Lower Rio Grande and

3 the tools that are required in order to implement

4 active water resource management, and it looks like

5 it's a presentation to the Lower Rio Grande Water

6 Users Association in August of 2005.

7 Q. Is this a PowerPoint presentation that you

8 made?

9 A. Likely, yes.

10 Q. That -- at least it says that on the cover;

11 is that correct?

12 A. Yeah.

13 Q. By John D'Antonio; is that correct?

14 A. Yes.

15   Q.   Okay.  And what is the Lower Rio Grande Water

16 Users Association?

17 A. Well, it's a -- it's a group of water users

18 that are within that basin.  Some of them -- the

19 makeup of them, as far as I know, and I may miss a

20 few, but it's -- it consists of pecan growers and row

21 croppers, which are the farming groups, and it also

22 includes City of Las Cruces, New Mexico State

23 University, the Camino Real Water User District and

24 Public Service Company of New Mexico and there are

25 maybe one or two others that escapes me right now.
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1 Q. Let's take a look at the first slide after

2 the cover, which is at US0539808.  Are you there?  You

3 do -- you describe about midway through the existence

4 of downstream pressure.  Do you see that?

5 A. I do see that.

6   Q.   Okay.  And what -- what is that pressure?

7 What was that pressure back in 2005?

8 A. It -- it looks like it's a quote from

9 somebody, and I don't remember who that quote is from.

10 That's been 15 years ago.  But there's always been

11 some discussion with downstream -- with the downstream

12 and Texas.  I mean, I can go back to -- to 1997 when

13 there was a discussion of a pipeline being built to

14 Elephant Butte by Texas water.  I've seen their senate

15 bills that have appropriated a billion dollars to look

16 at and evaluate supplies from the Rio Grande.  So

17 there -- there's been an ostensible threat always, and

18 if you -- if you understand western water law, there's

19 a lot of litigation that ensues from a downstream

20 state that ensues an upstream state, so I think

21 there's always an awareness that something could

22 happen.  I think I was always comfortable that we

23 were -- we were doing the things we needed to do in

24 New Mexico in managing our water resources that --

25 that could answer and -- and stay out of litigation
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1 with the State of Texas.  So, again, it's just a --

2 it's just an awareness thing downstream pressure.

3 Texas sues us on the Pecos.  Texas has always been in

4 the minds of new Mexicans -- in 1974, Texas sued New

5 Mexico on the Pecos for a billion dollars and so

6 there's always been downstream pressures, and it

7 happens in -- in most western states.

8 Q. You were aware of this pressure in 2005 then,

9 I assume?

10 A. Apparently.

11 Q. And I think you also said that that pressure

12 existed prior to 2005; is that correct?

13 A. Well, the knowledge of -- of actions in

14 Texas, we were aware of.  Like I said before, the --

15 the pressure that I felt was in managing our water in

16 the entire State of New Mexico with the droughts --

17 the drought that was happening in -- in 2002, and I

18 would say through the -- the last probably 15 years,

19 we suffered severe droughts.  So, yeah, it was -- I

20 think it was in that regard that the pressure to be

21 able to manage and have the tools in place necessary,

22 not only to manage the lower Rio Grande, but all the

23 other priority basins that we had at the State of New

24 Mexico that were subject to prior -- priority

25 administration.
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1 that -- is that accurate?

2  A.   Yeah.  According to this slide, it is.

3   Q.   Okay.  And the second bullet says, "The

4 Supreme Court could require offsets for all

5 post-Compact groundwater pumping."  And you cite a

6 precedent for that; is that correct?

7 A. I did in this presentation, yes.

8 Q. And in our case, post-Compact groundwater

9 pumping would include anything after 1938.  That's

10 correct, isn't it?

11  MR. WECHSLER:  Object to form.

12 A. Based on your question, yes.

13  Q.   (BY MR. SOMACH)  Okay.  And -- and the last

14 bullet point is interesting.  It says, "Loss of the

15 use of aquifer as a drought reserve."  That kind of

16 goes to the conjunctive use of surface and groundwater

17 that you were talking about earlier, doesn't it?

18 A. Yes, it does.

19   Q.   Okay.  If you can turn to the next slide,

20 which for the record is US0539817, can you see that?

21 Well, you had it.  There it is.

22  A.   This one?  Okay.

23   Q.   Uh-huh.  The -- the -- there appears to be --

24 what you're saying here is that it's not just your

25 concern, it's the governor and the legislature's
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1 concern; is that correct?

2     A.   Yes.

3     Q.   Okay.  And then the second bullet point there

4 says, "Legislators have admonished the State Engineer

5 not to let the Pecos River history repeat itself

6 anywhere, including on the Lower Rio Grande."  What is

7 that -- what is that referring to?

8     A.   The Supreme Court action that Texas took

9 against New Mexico, I believe, in -- when they filed

10 in 1974, but that was a different case, and there

11 were -- there were measured under deliveries at the

12 state line there.  This is not the case in the same

13 case in the Rio Grande, and the whole idea behind this

14 presentation is to get the legislature and the

15 governor behind giving me funding so that we could put

16 the tools in place to preclude Texas from filing a

17 lawsuit against New Mexico under some of those same --

18 some of those same concerns.  And, again, my -- my

19 feeling was we were managing the Lower Rio Grande in a

20 way that would allow us to stay out of litigation by

21 taking care of and administering water rights based on

22 this active water resource management initiative.  So

23 I know what the slides say, but the intent -- the

24 intent was to keep it in control and -- and the

25 corrections within New Mexico and -- and I think we
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1 definitely would have been able to do that, and I

2 think the operating agreement flipped that strategy on

3 its head because it so exacerbated the need for New

4 Mexico to pump additional groundwater before we could

5 put this active water resource management initiative

6 in place.

7     Q.   Turn to Slide No. 0539815, which I think is

8 the next slide.  Oh, you went past it.  There you go.

9 Here, you're talking about the action that is needed;

10 is that correct?

11     A.   Yes.

12     Q.   So let's -- let's start with the first bullet

13 point, "Improved regulation of groundwater pumping is

14 imperative."  What -- what has been done to improve

15 the regulation of groundwater pumping in the Lower Rio

16 Grande?

17     A.   I put a metering order in place in December

18 of 2004, requiring all groundwater pumping to be

19 metered and followed up with two additional -- I think

20 an extension of the orders and two additional orders

21 in subsequent years to make sure there was compliance

22 with -- with that order.

23     Q.   Is that it?

24     A.   Well, no -- well, there was some other things

25 that happened.  Obviously in prior -- and I believe it
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1 was in 1999, there was some Mesilla -- Mesilla

2 guidelines, administrative guidelines, that were put

3 in place, that the state engineer put in place that

4 was the intent of managing groundwater pumping, but

5 you really -- you really can't put -- you really can't

6 manage what you don't measure, so it was necessary to

7 put -- put the -- you know, the -- the meters in place

8 and require the meters to be there.  I also

9 established a water master district not only there but

10 other areas of the state and set up a water master

11 within the Lower Rio Grande to start taking control

12 and -- and quantifying the water that was being --

13 that was being pumped and -- and so that's -- that

14 happened.  We even provided -- the State provided

15 low-interest loan funding, because I got sued by

16 Elephant Butte Irrigation District on them not wanting

17 me to impose metering to them.  We even provided

18 low-interest loan money for them to get into

19 compliance with that cost so the metering was not

20 imperative.  So when you look at improved regulation

21 of groundwater pumping, we were -- we were putting

22 that action in place through -- through those --

23 through those efforts.

24     Q.   Let's turn to the -- to the next slide.  It's

25 actually two slides down.  For the record, the one I'm
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1 talking about the US0539820.  It's the one that

2 says, "What LRGWUO can do."

3     A.   Okay.

4     Q.   What is LRGWUO?  Is that the association; is

5 that right?

6     A.   Yes.  The Lower Rio Grande Water Users

7 Organization, I think.

8     Q.   So have the cooperative agreements that are

9 talked about in the diamond bullet for shortage

10 sharing, have they been developed?

11     A.   No, they have not been developed yet.

12     Q.   Okay.  What about the second diamond bullet,

13 "Strengthen water leasing mechanisms, implement

14 special water users associations," has that occurred?

15     A.   Not yet.

16     Q.   "Develop alternative methods to ensure

17 seniors are kept whole."  What -- what alternative

18 methods have been developed since 2005?

19     A.   Well, we've -- we've teed -- we've teed these

20 issues up.  Obviously we got -- we got challenged

21 in -- in district court on trying to establish the

22 district-specific regulations.  We got -- we got sued

23 on -- on those particular regulations.  We wound up

24 actually prevailing after the case went through

25 district court, court of appeals in New Mexico Supreme
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1 Court in 2012 that New Mexico Supreme Court affirmed

2 all of the actions that the state engineer took

3 previously to put the active water resources

4 management tools in place, but that's also about the

5 time of the lawsuit.  And so I think -- I think some

6 of the activities that we've been trying to do have

7 been hampered by -- by the lawsuit, obviously, and

8 by -- by other things beyond the state engineer's

9 control.  Stuart, your mic is off.  I can't hear you.

10     Q.   I did that because the gardeners were outside

11 and I couldn't hear, let alone I'm sure you can't.  On

12 that second -- on that slide -- that first bullet

13 says, "Participate in developing different

14 district-specific regulations."  Do you see that?

15 Have district-specific regulations been promulgated or

16 developed?

17               MR. WECHSLER:  What page are you looking

18 at?

19     A.   What page are you on now, Stuart?  Yeah.

20     Q.   (BY MR. SOMACH)  It's -- it's the next page.

21 Says, "In addition."  And that, for the record, is

22 US0539821?

23     A.   Yes.  So draft district-specific regulations

24 have been put -- have been drafted.  I mean, we

25 drafted the -- the -- but they haven't been formalized
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1 based on a lot of these other issues that have gotten

2 in the way.

3     Q.   So they've been drafted, but they haven't

4 been actually promulgated; is that correct?

5     A.   That's correct.

6     Q.   And so they obviously haven't also been

7 implemented; is that correct?

8     A.   That's correct.

9     Q.   What about AWRMs for the Lower Rio Grande,

10 have they been promulgated?

11     A.   I'm not sure I understand that question.

12 AWRMs aren't things that need to be promulgated.

13 Active water resource management is -- is a -- there's

14 a statute that was passed.  Are you talking about

15 district-specific regulations?

16     Q.   Yes.  So how you would actually implement the

17 AWRM, a state statute, would be through

18 district-specific regulations; is that -- is that

19 correct?  Am I understanding that correct?

20     A.   Yeah.  Each -- each particular basin would

21 have its own district-specific regulations that would

22 be put together by input and from input from all the

23 stakeholders within that particular basin.

24     Q.   That hasn't been done yet is what I

25 understood you to say?
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1     A.   No, it has not been done yet.

2     Q.   Okay.  Has there been a reduction in

3 groundwater pumping in New Mexico in the Rincon and

4 Mesilla valleys since 2005?

5               MR. WECHSLER:  Objection; vague.

6     A.   I don't know.

7               MR. SOMACH:  Okay.  Let's -- let's --

8 we've been at this now for maybe an hour and a half so

9 let's take a break.  Let's come back at 11:05, 12:05.

10 I will say that I'm not sure how much longer I'll go

11 and whether we'll finish with me today, but in any

12 event, the United States is going to follow.  But

13 I'll -- I'll try to get as much done as I can do in

14 the next hour before we have to break today.

15               THE WITNESS:  Okay.

16               MR. SOMACH:  If I do the time right,

17 11:55 means -- 10:55 means it's 11:55 so it's almost

18 12:00.  So that's -- what I did say is accurate.  I'll

19 try to get wrapped up in terms of my questions before

20 we break for the day, but if I can't, we'll trickle

21 over into tomorrow and then U.S. will -- will pick up.

22 Just to let you know my plans.  Okay.  That's it.

23 Let's -- let's talk about ten after.

24               THE VIDEOGRAPHER:  The time is 10:56

25 p.m.  We're off the record.  I'm sorry.  11:56 a.m.

TX_MSJ_000805

tbarfield
Highlight



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 206

1                       (Break.)

2               THE VIDEOGRAPHER:  The time is 12:14

3 p.m.  We're back on the record.

4     Q.   (BY MR. SOMACH)  Mr. D'Antonio, is the Office

5 of State Engineer, does it administer water rights in

6 the Middle Rio Grande differently than it does in the

7 Lower Rio Grande?

8     A.   Conceptually, no, waterline basically is

9 waterline in New Mexico, and we still have the basic

10 attendance of, you know, administering permits,

11 requiring permits, conditioning those permits, and,

12 and then on new applications for -- for use or change

13 of place in purpose of use or new appropriations of

14 water, we have to do an analysis and impairment

15 analysis and look at the public welfare issues of the

16 State of New Mexico and whether or not it's contrary

17 to conservation within the State of New Mexico.  So

18 water management is water management, and they're all

19 based on New Mexico waterline.

20     Q.   What about these regulations under AWRM,

21 are -- are there regulations that have been propounded

22 and implemented in the Middle Rio Grande under the

23 AWRM statutes?

24     A.   Not under the AWRM statutes, but we do have

25 Middle Rio Grande guidelines that were put in place in
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1 about -- about 20 years ago that are still -- that are

2 still in force and in place so, no, not under AWRM.

3     Q.   But otherwise, is that what you're saying?

4 Are other regulatory mechanisms in place in the Middle

5 Rio Grande that are not in place in the Lower Rio

6 Grande?

7     A.   Well, there -- there are guidelines.  We're

8 still -- we still have to comply with the same law and

9 the same parameters that I look at as state engineer,

10 but there are guidelines associated, like there's

11 Mesilla guidelines in the Lower Rio Grande to give

12 instruction to our water rights staff on how an

13 application processing would take place.  Same thing

14 in the Middle Rio Grande.  There are guidelines

15 associated with how water rights applications are --

16 are administered.

17     Q.   You, several times over the last couple days,

18 referred to conjunctive use of surface and

19 groundwater.  Could you describe what you mean when

20 you are talking about conjunctive use of surface and

21 groundwater?

22     A.   Well, just that.  I can use the example in

23 the Lower Rio Grande.  Some parcels of land down there

24 have a combined right of both surface and groundwater.

25 They're conjunctively managed.  When surface supply
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1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3

4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10

THE STATE OF TEXAS :
11 COUNTY  OF  HARRIS :
12     I, HEATHER L. GARZA, a Certified Shorthand
13 Reporter in and for the State of Texas, do hereby
14 certify that the facts as stated by me in the caption
15 hereto are true; that the above and foregoing answers
16 of the witness, JOHN D'ANTONIO, to the interrogatories
17 as indicated were made before me by the said witness
18 after being first remotely duly sworn to testify the
19 truth, and same were reduced to typewriting under my
20 direction; that the above and foregoing deposition as
21 set forth in typewriting is a full, true, and correct
22 transcript of the proceedings had at the time of
23 taking of said deposition.
24          I further certify that I am not, in any
25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6          That the amount of time used by each party at
7 the deposition is as follows:
8          MR. SOMACH - 03:07:40

         MR. WECHSLER - 00:00:00
9          MR. LEININGER - 00:00:00

         MR. WALLACE - 00:00:00
10          MR. HICKS - 00:00:00
11

         GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
12 this, the 21st day of July, 2020.
13

14                     _____________________________

                    HEATHER L. GARZA, CSR, RPR, CRR
15                     Certification No.:  8262

                    Expiration Date:  04-30-22
16

17 Worldwide Court Reporters, Inc.

Firm Registration No. 223
18 3000 Weslayan, Suite 235

Houston, TX 77027
19 800-745-1101
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         IN THE SUPREME COURT OF THE UNITED STATES
          BEFORE THE OFFICE OF THE SPECIAL MASTER
                  HON. MICHAEL J. MELLOY

 STATE OF TEXAS            )
                           )
         Plaintiff,        )
                           )     Original Action Case
 VS.                       )     No. 220141
                           )     (Original 141)
 STATE OF NEW MEXICO,      )
 and STATE OF COLORADO,    )
                           )
         Defendants.       )

******************************************************
       REMOTE ORAL AND VIDEOTAPED DEPOSITION OF
                    JOHN D'ANTONIO
                    JUNE 26, 2020
                       VOLUME 3
******************************************************

      REMOTE ORAL AND VIDEOTAPED DEPOSITION of JOHN
D'ANTONIO, produced as a witness at the instance of
the Plaintiff State of Texas, and duly sworn, was
taken in the above-styled and numbered cause on
June 26, 2020, from 9:02 a.m. to 12:59 p.m., before
Heather L. Garza, CSR, RPR, in and for the State of
Texas, recorded by machine shorthand, at the offices
of HEATHER L. GARZA, CSR, RPR, The Woodlands, Texas,
pursuant to the Federal Rules of Civil Procedure and
the provisions stated on the record or attached
hereto; that the deposition shall be read and signed.
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11
12 FOR THE DEFENDANT STATE OF NEW MEXICO:
13     Mr. Jeffrey Wechsler
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16

    -and-
17

    Mr. John Draper
18     DRAPER & DRAPER, LLC
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7 FOR THE UNITED STATES:
8     Mr. James J. Dubois

    Mr. R. Lee Leininger
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1 FOR THE EL PASO COUNTY WATER AND IMPROVEMENT DISTRICT
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2

    Mr. Renea Hicks
3     LAW OFFICE OF MAX RENEA HICKS

    Post Office Box 303187
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    (512) 480-8231
5     rhicks@renea-hicks.com
6
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7 AUTHORITY AND THE CITY OF LAS CRUCES:
8     Mr. James C. Brockmann

    STEIN & BROCKMANN, P.A.
9     Post Office Box 2067

    Santa Fe, New Mexico 87504
10     (505) 983-3880

    jcbrockmann@newmexicowaterlaw.com
11
12 FOR THE NEW MEXICO PECAN GROWERS:
13     Ms. Tessa T. Davidson

    DAVIDSON LAW FIRM, LLC
14     4206 Corrales Road

    Post Office Box 2240
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    (505) 792-3636
16     ttd@tessadavidson.com
17
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1               THE VIDEOGRAPHER:  Today is Friday, June

2 26th, 2020.  The time is 9:02 a.m.  We're on the

3 record.

4               MR. SOMACH:  All right.  Why don't we

5 start by making appearances?  This is Stuart Somach on

6 behalf of the State of Texas.  Also on the Zoom call

7 is Francis Goldsberry, Theresa Barfield, Richard

8 Deitchman, and Robert Hoffman, all representing Texas

9 all from my office.  Jeff?

10               MR. WECHSLER:  Jeff Wechsler on behalf

11 of the State of New Mexico and, again, today either on

12 already or will be on will be John Draper, Arianne

13 Singer, Shelly Dalrymple, Susan Barela, Rolf

14 Schmidt-Petersen, Peggy Barroll, Estevan Lopez, and

15 Ken Knox.

16               MR. SOMACH:  And the United States?

17               MR. LEININGER:  Good morning.  This is

18 Lee Leininger for the United States, and I'm joined by

19 Jim Dubois for the Department of Justice, and with the

20 Solicitor's Office, Chris Rich, Shelly Randel, and for

21 the Bureau of Reclamation, Ian Ferguson and Michelle

22 Estrada-Lopez.

23               MR. SOMACH:  And Colorado?

24               MR. WALLACE:  Good morning.  This is

25 Chad Wallace for the State of Colorado.
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1               MR. HARTMAN:  Also, Preston Hartman for

2 Colorado is on the line.

3               MR. SOMACH:  Did you get that, Heather

4 and Pete?  It's a phone number there.  You've got

5 that?

6               THE REPORTER:  Yes.

7               MR. SOMACH:  Okay.  Albuquerque?

8               MR. BROCKMANN:  Good morning.  It's Jim

9 Brockmann both for Albuquerque and Las Cruces again.

10               MR. SOMACH:  City of El Paso?

11                     (No response.)

12               MR. SOMACH:  EP No. 1?

13               MR. HICKS:  Yes, Renea Hicks for El Paso

14 County Water Improvement District No. 1, and Dr. Blair

15 is on.  For some reason, the gallery view is only

16 showing a few people, I can't tell who all is on, but

17 Dr. Blair tells me he's on the text, so I take him at

18 his word.

19               MR. SOMACH:  Elephant Butte Irrigation

20 District?

21               MR. ESSLINGER:  Good morning.  This is

22 Gary Esslinger.

23               MR. SOMACH:  And Hudspeth County?

24                     (No response.)

25               MR. SOMACH:  New Mexico pecan growers?
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1               MS. DAVIDSON:  Good morning.  Tessa

2 Davidson for New Mexico pecan growers.

3               MR. SOMACH:  New Mexico State?

4                    (No response.)

5               MR. SOMACH:  Anybody else?

6                      (No response.)

7               MR. SOMACH:  So we've got it all

8 covered.

9                     JOHN D'ANTONIO,

10 having been first duly sworn, testified as follows:

11                  E X A M I N A T I O N

12 BY MR. SOMACH:

13     Q.   Good morning, Mr. D'Antonio.

14     A.   Good morning.

15     Q.   Are you all ready to go?

16     A.   I am.

17     Q.   Let me remind you that you're still under

18 oath and you have been the last two days before today.

19 Now, the way I assume we'll proceed today is a little

20 bit as we discussed yesterday.  I'll finish up within

21 the next little while.  I don't obviously know exactly

22 how long it'll take.  And then Mr. Leininger will --

23 will pick up on behalf of the United States and then

24 before we're done, we'll just confirm that we'll need

25 another -- another half day somewhere down the road
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1 to -- to finish up the deposition.  Mr. D'Antonio,

2 you're familiar with the operating agreement, I

3 assume?

4     A.   Yes, I am.

5     Q.   We talked on and off about it over the last

6 couple of days.  What do you understand Texas' role to

7 be in the negotiation of the operating agreement?

8     A.   Well, they -- they were present.  The

9 commissioner, Mr. Pat Gordon was present and acting to

10 my knowledge as a facilitator between the two

11 districts and Bureau of Reclamation.

12               THE REPORTER:  Mister who?  I'm sorry?

13               MR. SOMACH:  I'm sorry, Heather?

14               THE REPORTER:  Mister who?  Who did you

15 say was present?

16               THE WITNESS:  Mr. Pat Gordon.

17               THE REPORTER:  Thank you.

18     Q.   (BY MR. SOMACH)  Do you know -- first of all,

19 was New Mexico involved in those negotiations?

20     A.   Not to my knowledge.

21     Q.   Do you have any opinion as to why New Mexico

22 was not involved?

23     A.   Well, the opinion, what I heard after the

24 fact essentially was that the operating agreement was

25 between the two districts and the Bureau of
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1 payback of water.  We have different provisions that

2 we use, and we can settle these things through our

3 administrative litigation unit, but every once in a

4 while, somebody that's illegally diverting will --

5 will challenge even our administrative control and --

6 and we'll -- we'll have to go to a district court

7 judge to make a decision before they comply.  But for

8 the most part, yeah, we've got the authority through

9 the administrative processes and through our ALU

10 process, through alternate dispute resolution, if it

11 were to get to that point.  But, yeah, we have -- we

12 have -- we take care of most of those things

13 internally, but once in a while, we've got to have the

14 Court enforce some -- some actions.

15     Q.   Let's -- let's go to another exhibit.  This

16 is --

17               MR. LEININGER:  Pete, I'm sorry.  This

18 is the February 5, 2020, Barroll deposition testimony

19 transcript, and I have it as Letter E.

20     Q.   (BY MR. LEININGER)  John, this is a -- this is

21 a transcript -- I'm sorry.  Let's get the sticker on

22 here.

23               (Exhibit No. 10 was marked.)

24     Q.   (BY MR. LEININGER)  John, this is -- this is

25 the transcript of Dr. Barroll's deposition on February
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1 5th of 2020.  If we go to Page 56, and I think it's

2 also PDF 56, and down to Lines 19 and 20.

3     A.   Okay.

4     Q.   Do you see where Dr. Barroll says, "So far in

5 the lower Rio Grande, we have not done active

6 curtailment of any water rights"?  Do you see that?

7     A.   Yeah, I see it.

8     Q.   So this is a -- this is a 2020 statement.  We

9 were talking about your earlier PowerPoint, which was

10 January, 2005, and here in 2020, Dr. Barroll is

11 saying "we," and I think she's referring to the state

12 engineer's office -- "has not done any active

13 curtailment of water right."  Do you agree with that

14 or not?

15               MR. WECHSLER:  Objection; foundation.

16     A.   Well, you've got to understand what active

17 curtailment is, and if you go back up to her answer,

18 she's talking about -- so the question is how water

19 use is administered by the state engineer prior to

20 2005, and she's talking about water rights -- let's

21 see.  Standard administration of water rights versus

22 active administration of water rights, active

23 administration being more related to some sort of

24 priority call or other curtailment of water rights.

25 So what she's talking about here is actually putting
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1 in district-specific regulations under the active

2 water resource management initiative and looking at

3 how you would curtail uses or come to an agreement on

4 an alternative needs of administration.  That's not

5 the same -- curtailment there is not the same as

6 enforcing against illegal uses.  So, yeah, I agree

7 with her statement that she has in here, but there are

8 two different issues that -- that I think you're

9 trying to ask.

10     Q.   (BY MR. LEININGER)  Okay.  So your -- your

11 understanding of her statement is that there's not

12 been a active water resource management plan that's

13 been put into effect to curtail water rights?

14     A.   No.  The active water resource management

15 plan has been put in place, and that's the tools, the

16 water master's, the metering, the databases that we're

17 doing, that's the active water resource management

18 initiative.  What she's talking about here is

19 essentially how we would administer, which would be

20 through district-specific regulations, and those were

21 challenged, those aren't in place yet, so any active

22 curtailment with respect to water administration, that

23 piece is not in place yet.

24     Q.   Okay.  If you go to Page 57, next page.  And

25 I'm just trying to understand this testimony further
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1 and your explanations are helpful.  So if you look on

2 Lines 1 through 4, she's also explaining that --

3 sorry.  Page 57.  You have to go down a little bit.

4     A.   Right.  I didn't want to just pick it up in

5 the middle of -- of a sentence, but go ahead and ask

6 your question and see if I have to go back up and read

7 the context that it was stated in.  So go ahead and

8 ask your question.

9     Q.   Okay.  So the question here is just she's

10 talking about permits are being issued with

11 conditions, which would be fulfilled in enforcement by

12 the office of these conditions.

13     A.   Right.

14     Q.   And she describes that as part of the

15 active -- early active water resource management.  So

16 those conditions that are put onto permits that are

17 then enforced, can you describe any examples of those?

18     A.   Sure.  Let me just look at the prior page a

19 little bit, what the question was.  I think this goes

20 to your last line of questioning before our break.

21 She's talking about permits that are filed for new

22 appropriations, and we -- we conditioned those --

23 those applications, those -- those permit

24 applications, we always condition them, and -- and

25 obviously they cannot impair, they cannot -- they
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1 can't be detrimental to the public welfare of the

2 State of New Mexico, they can't be contrary to

3 conservation.  The impairment piece is where we

4 require offsets, so -- so in this particular case, if

5 there was a new appropriation, somebody would have to

6 acquire a water right and transfer that water right in

7 before they could -- that permit would be accepted.

8 So -- so there's -- there's different conditions.

9 There's metering conditions depending on the use, if

10 it's a commercial use.  So there -- there's various

11 conditions associated with any permits that gets

12 applied for, and if it gets granted, it can't cause

13 impairment.  It can't be detrimental to public welfare

14 or contrary to conservation with the State of New

15 Mexico.  So there's -- there's a process that happens

16 that prevents impairment to other water users.

17     Q.   Are you using the ILRGM model to evaluate

18 those impairments, the -- I believe it's Integrated

19 Lower Rio Grande Model?

20     A.   I don't know what my district office uses

21 down there.  They -- they definitely use a -- a

22 conjunctive management model that they use, and they

23 use the Mesilla Valley guidelines.  If it's within the

24 Mesilla Valley that's a -- the process they use to

25 evaluate applications.
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WITNESS CORRECTIONS AND SIGNATURE 

Please indicate changes on this sheet of paper, 

giving the change, page number, line number and reason 

for the change. Please sign each page of changes. 

PAGE/LINE 

14/ 24 

19/ 14 

27/ 13 

27/ 14 

30/ 12 

30/ 13 & 14 

CORRECTION 

change "hot' to "how" 

REASON FOR CHANGE 

Correction 

change "or" to "and" Correction 

change "a" to "an" Correction 

change''operations" to "apportionment" Correction 

change "ask" to "answer" Correction 

chang_e "western state~, a lot of council" to 

"Western States Water Council" Correction 

30/ 21 chan2e "could discuss" to "could have discussed" Correction 

37/ 11 

44/ 4 

51/ 15 

74/8 

77/ 3 

80/ 22 

87/ 19 

89/ 24 

103/ 9 

change "lc,g" to "water" Correction 

chang_e "appropriate" to "u_11approp_riated" Correction 

chang_e "was" to "wasn't" Correction 

change "continuum" to "continual" Correction 

change "2" to "$200" Correction 

change "the Antonio" to "D'Antonio" Correction 

delete "awal'.',' ' Correction 

chans_e "back" to "bad" Correction 

change "limitation" to.,interpretation" Correction 
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S I G N A T U R E 0 F W I T N E S S 

I, JOHN D'ANTONIO , solemnly swear or affirm under 

the pains and penalties of perjury that the foregoing 

pages contain a true and correct transcript of the 

testimony given by me at the time and place stated 

with the corrections, if any, and the reasons therefor 

noted on the foregoing correction page(s). 
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/ci' 
D'ANTONIO, VOLUME III 
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1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3

4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10

THE STATE OF TEXAS :
11 COUNTY  OF  HARRIS :
12     I, HEATHER L. GARZA, a Certified Shorthand
13 Reporter in and for the State of Texas, do hereby
14 certify that the facts as stated by me in the caption
15 hereto are true; that the above and foregoing answers
16 of the witness, JOHN D'ANTONIO, to the interrogatories
17 as indicated were made before me by the said witness
18 after being first remotely duly sworn to testify the
19 truth, and same were reduced to typewriting under my
20 direction; that the above and foregoing deposition as
21 set forth in typewriting is a full, true, and correct
22 transcript of the proceedings had at the time of
23 taking of said deposition.
24          I further certify that I am not, in any
25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6          That the amount of time used by each party at
7 the deposition is as follows:
8          MR. SOMACH - 01:07:48

         MR. WECHSLER - 00:00:00
9          MR. LEININGER - 02:11:41

         MR. WALLACE - 00:00:00
10          MR. HICKS - 00:00:00
11

         GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
12 this, the 21st day of July, 2020.
13

14                     _____________________________

                    HEATHER L. GARZA, CSR, RPR, CRR
15                     Certification No.:  8262

                    Expiration Date:  04-30-22
16

17 Worldwide Court Reporters, Inc.

Firm Registration No. 223
18 3000 Weslayan, Suite 235

Houston, TX 77027
19 800-745-1101
20

21

22

23

24

25
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      IN THE SUPREME COURT OF THE UNITED STATES
       BEFORE THE OFFICE OF THE SPECIAL MASTER
               HON. MICHAEL J. MELLOY

STATE OF TEXAS,              §
                             §
           Plaintiff,        §
                             §
vs.                          § ORIGINAL ACTION
                             § CASE NO.: 220141
STATE OF NEW MEXICO,         § (ORIGINAL 141)
and STATE OF COLORADO,       §
                             §
           Defendants.       §

     *******************************************

        REMOTE VIDEOCONFERENCED DEPOSITION OF

                JOHN D'ANTONIO, P.E.

                   AUGUST 14, 2020

     *******************************************
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1

2       REMOTE VIDEOCONFERENCED DEPOSITION OF JOHN

3 D'ANTONIO, P.E., produced as a witness at the

4 instance of the United States Department of Justice,

5 and remotely duly sworn by agreement of all counsel,

6 was taken in the above-styled and numbered cause on

7 August 14, 2020, from 9:03 a.m. to: 3:06 p.m. before

8 Karen L. D. Schoeve, RDR, CRR, reported remotely by

9 computerized machine shorthand, pursuant to Section

10 5.4 of Appendix C of the September 6, 2018 Case

11 Management Plan, as amended (CMP) and the provisions

12 stated on the record or attached hereto; that the

13 deposition shall be read and signed.

14

15       This deposition is being conducted remotely

16 regarding the COVID-19 State of Disaster status of

17 the world.

18

19       REPORTER'S NOTE: Please note that due to the

20 quality of the transmission data for a Zoom video-

21 conference, overspeaking causes audio distortion

22 in the testimony when preparing a videoconference

23 transcript.

24

25
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1       Please be advised that an UNCERTIFIED ROUGH

2 DRAFT version of this transcript exists.  If you are

3 in possession of said rough draft, please replace it

4 immediately with this CERTIFIED FINAL TRANSCRIPT.

5

6       Quotation marks are used for clarity and do

7 not necessarily reflect a direct quote.

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
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1          R E M O T E  A P P E A R A N C E S
2 FOR THE STATE OF TEXAS:
3     Mr. Stuart L. Somach

    Mr. Robert B. Hoffman
4     SOMACH SIMMONS & DUNN

    500 Capitol Mall, Suite 1000
5     Sacramento, California 95814

    (916) 446-7979
6     ssomach@somachlaw.com
7

FOR THE STATE OF NEW MEXICO:
8

    Mr. Jeffrey Wechsler
9     MONTGOMERY & ANDREWS

    325 Paseo De Peralta
10     Santa Fe, New Mexico 87501

    (505) 986-2637
11     jwechsler@montand.com
12

    Mr. Luis Robles
13     ROBLES, RAEL & ANAYA, P.C.

    500 Marquette Avenue NW, Suite 700
14     Albuquerque, New Mexico 87102

    (505) 242-2228
15     luis@roblesrael.com
16

FOR THE STATE OF COLORADO:
17

    Mr. Chad Wallace
18     COLORADO DEPARTMENT OF LAW

    1300 Broadway, 7th Floor
19     Denver, Colorado 80203

    (720) 508-6281
20     chad.wallace@coag.gov
21

FOR THE UNITED STATES:
22

    Mr. R. Lee Leininger
23     U.S. DEPARTMENT OF JUSTICE

    999 18th Street, Suite 370
24     Denver, Colorado 80202

    (303) 844-1375
25     lee.leininger@usdoj.gov
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1
    -and-

2
    Mr. Christopher B. Rich

3     U.S. DEPARTMENT OF THE INTERIOR
    125 South State Street, Suite 6201

4     Salt Lake City, Utah 84138
    (801) 524-5677

5

6 FOR THE EL PASO COUNTY WATER AND IMPROVEMENT
DISTRICT NO. 1:

7
    Mr. Renea Hicks

8     LAW OFFICE OF MAX RENEA HICKS
    P.O. Box 303187

9     Austin, Texas 78703-0504
    (512) 480-8231

10     rhicks@renea-hicks.com

11     -and-

12     Ms. Maria O'Brien
    MODRALL SPERLING ROEHL HARRIS & SISK, P.A.

13     500 Fourth Street N.W.
    Albuquerque, New Mexico 87103

14     (505) 848-1800
    mobrien@modrall.com

15

16
FOR THE ALBUQUERQUE BERNALILLO COUNTY WATER UTILITY

17 AUTHORITY AND THE CITY OF LAS CRUCES:

18     Mr. James C. Brockmann
    STEIN & BROCKMANN, P.A.

19     Post Office Box 2067
    Santa Fe, New Mexico 87504

20     (505) 983-3880
    jcbrockmann@newmexicowaterlaw.com

21

22 FOR THE NEW MEXICO STATE UNIVERSITY:

23     Mr. John W. Utton
    UTTON & KERY, P.A.

24     Post Office Box 2386
    Santa Fe, New Mexico 87504

25     (505) 699-1445
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1

2
ALSO PRESENT:

3
    Al Blair

4     Shelly Dalrymple
    Peggy Barroll
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6     Aryian Singer
    Ian Ferguson

7     Fred Cortez
    Michelle Estrada-Lopez

8
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11
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    Realtime Systems Administrator
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1                 P R O C E E D I N G S

2               THE VIDEOGRAPHER:  The time is

3 9:03 a.m., and we are on the record.

4                 JOHN D'ANTONIO, P.E.,

5 having been previously sworn to tell the truth, the

6 whole truth, and nothing but the truth, so help him

7 God, testified further:

8                      EXAMINATION

9 BY MR. LEININGER:

10      Q.   Good morning, Mr. D'Antonio.  My name's

11 Lee Leininger.  You may recall at the end of your

12 last three days of deposition, I was continuing to

13 ask you questions.  So you are still under oath.

14               You understand that?

15      A.   I do.

16      Q.   Okay.  And basically, the same rules and

17 procedures apply.  We'll go for about an hour here,

18 take a break, or we can take a break whenever you

19 request, you or your attorney.

20               Is that okay?

21      A.   That's fine.

22      Q.   And just as a last matter, I think at the

23 end of the last deposition, there were a number of

24 other attorneys representing various parties that

25 also wanted to ask you questions, so I'm going to
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1 proceed and hopefully finish this morning and then

2 turn it over to those guys, okay?

3      A.   Okay.

4      Q.   Did you review your transcript of the

5 previous three days of deposition?

6      A.   Yes.

7      Q.   Okay.  So you recall that we ended your

8 deposition on June 24th discussing the FDR, the form

9 delivery requirement that the State of New Mexico

10 stipulated to for irrigation use in the Lower Rio

11 Grande?

12      A.   Yes.

13      Q.   And that was the stream system issue

14 Number 101 in the Lower Rio Grande adjudication,

15 correct?

16      A.   That's correct.

17      Q.   Do you recall having your deposition taken

18 in that case?

19      A.   Yes, I do recall that.

20               MR. LEININGER:  Let's -- Christian, if

21 we could go to what should be identified as the

22 deposition transcript for that case.  And I

23 apologize.  I didn't look back at our numbering, so

24 does anyone know what number this next exhibit is

25 going to be?
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1               THE VIDEOGRAPHER:  It should be 14.

2               MR. LEININGER:  14, okay.

3               MR. WALLACE:  Lee, this is Chad.  Do

4 you want to take appearances before we get too far

5 down the line?

6               MR. LEININGER:  Oh, I'm sorry, Chad.

7 I didn't mean to skip right over that.  Certainly.

8 So --

9               THE COURT REPORTER:  Before you do,

10 I'll have to have you put the document down so that

11 I can see the screen, please, then we can do it.

12 Thank you.

13               MR. LEININGER:  Yeah, my apologies

14 everyone.

15               So for the United States, this is Lee

16 Leininger with the U.S. Department of Justice.

17               We also have from the Department of

18 Interior Solicitor's Office, Chris Rich.

19               And I'm looking for Shelly Randel.

20 No, Chris Rich.

21               And then from the Bureau of

22 Reclamation, we have Ian Ferguson, Fred Cortez and

23 Michelle Estrada Lopez.

24               Let's proceed with Texas.

25               MR. SOMACH:  Yes.  This is Stuart

TX_MSJ_000864



( 800) 745-1101
Worldwide Court Reporters, Inc.

Page 91

1 Grande.  For the portions of the lower -- of the Rio

2 Grande project below Elephant Butte, can BOR

3 contract with New Mexico, or can New Mexico contract

4 with BOR for the distribution of the project water

5 in New Mexico?

6      A.   I suppose so.  I think the contracts now

7 are with EBID and with El Paso Number 1 and then I

8 think there's a contract between El Paso 1 and EBID.

9      Q.   So New Mexico can have authority to

10 administer a Reclamation -- federal Reclamation

11 project?

12               MR. WECHSLER:  Objection; form.

13      A.   That's a different question.

14      Q.   (BY MR. LEININGER)  Well, let me

15 understand the answer to your last question.  The

16 question is, can New Mexico contract with the Bureau

17 of Reclamation for that distribution and allocation

18 of project water within New Mexico?

19      A.   I suppose they could.  I mean, I don't --

20 I'm not sure -- I don't understand the line of

21 questioning here, but I think the Bureau and any

22 federal agency and the state agency could enter into

23 a contract for project water.  In the Lower Rio

24 Grande, I think the projects -- the contracts are

25 already in place and the water is spoken for, so
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1 those -- those contracts speak for themselves that

2 are in place now, so I'm not sure exactly what

3 you're asking.

4      Q.   Well, this line of questioning, John,

5 stems from your statement about New Mexico utilizing

6 its apportionment under the Compact below Elephant

7 Butte, okay?

8      A.   Okay.

9      Q.   All right.  So you've stated that the

10 surface water apportionment to New Mexico below

11 Elephant Butte is 57 percent of the project supply,

12 correct?

13      A.   Yes.

14      Q.   Okay.  My question goes to how New Mexico

15 can utilize 57 percent of the project water, okay?

16      A.   Did you mean to --

17      Q.   Do you understand my line of questioning?

18 So now -- so the next question from that is, what is

19 New Mexico's authority to either contract with the

20 Bureau of Reclamation to utilize that water, or what

21 is New Mexico's authority to administer the project

22 water?

23      A.   Well, I guess --

24      Q.   Is that a compound question?  I'll break

25 that down for you.  Let's just do the first one.
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1               What is New Mexico's authority to

2 contract with BOR to utilize project water below

3 Elephant Butte?

4               MR. WECHSLER:  Form and foundation.

5      A.   Well, I think it's somewhat of a moot

6 point, isn't it?  Don't you already have a contract.

7 The contracts are in place, the project is under

8 Reclamation law and it runs.  So no, New Mexico does

9 not have authority to contract with BOR on this

10 particular project.  It's already under contract.  I

11 guess that's what you're asking.

12      Q.   (BY MR. LEININGER)  Okay.  So there's no

13 express federal authority for New Mexico to

14 administer that project water for the Rio Grande

15 project?

16               MR. WECHSLER:  Form and foundation.

17               MR. WALLACE:  Objection; form.

18      A.   No, I just want to be clear that

19 New Mexico still has administrative authority on

20 surface and groundwater below Elephant Butte.  And

21 so -- and I mentioned, I mean, the State is involved

22 in permitting processes all the time.  And we've got

23 a bunch of questions on that.

24               But New Mexico's not involved to

25 administer the contract water, no.
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1      Q.   (BY MR. LEININGER)  Okay.  In

2 New Mexico -- and just a couple more questions.  So

3 New Mexico cannot administer the surface water

4 that's under contract to BOR, correct?

5               MR. WECHSLER:  Object to form.

6      A.   No, New Mexico does not administer the

7 surface water that's under contract, other than we

8 still permit the points of diversion and the places

9 of use as an overall project permitting with the

10 federal government, that's still something that's

11 required.  But, no, we don't administer on a

12 day-to-day basis any of the water that's meant for

13 the project.

14      Q.   (BY MR. LEININGER)  Okay.  Sorry, but we

15 need some clarity here.  You said with regard to

16 overall project permitting with the federal

17 government, what are you referring to?  How does the

18 OSE permit project water use with the federal

19 government?

20      A.   Well, there are applications that were

21 filed, even when the federal government filed for

22 all the unappropriated surface water in the State of

23 New Mexico in 1903 or '5, or whatever that was, and

24 it would require a permit from then the territory or

25 application to the territorial engineer at the same
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1 time.

2               And same with the project was built

3 and constructed.  There were applications that were

4 filed for the points of diversion and for storage,

5 the storage of the -- within, you know, behind

6 Elephant Butte Dam required a permit from the State

7 Engineer's office, the points of diversions on the

8 three main diversion structures all required a

9 permit from the State Engineer's office.

10               So it worked ancillary.  They were

11 involved in the day-to-day administration with

12 respect to those points of diversions; and so that's

13 what, I mean, New Mexico is still in the

14 administrative scheme, even though we're not

15 managing every molecule of water within the project

16 under the contract that the Bureau of Reclamation

17 does.

18               So I hope I was clear on that.

19      Q.   We're getting there.  Just a couple more

20 questions.

21               So when you talk about, with respect

22 to points of diversion, can New Mexico manage

23 project points of diversion in the quantity of water

24 diverted within the project?

25               MR. WECHSLER:  Form and foundation.
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1      A.   Well, can New Mexico manage?  I think we

2 can observe and make sure there's compliance with

3 what's going on -- or at least taking information

4 and data to make sure that the diversions are within

5 compliance in quantity of water.  But, no, we don't

6 manage project points of diversion in the way I

7 think you're stating it and going for the project.

8      Q.   (BY MR. LEININGER)  Let's go back to the

9 last exhibit.  Right.  This is Exhibit 16 again.

10 It's the counterclaims, rather, from New Mexico.

11 Let's go to .pdf 25.  And you'll see a heading, I

12 hope, that says "Improper Project Maintenance

13 Against the United States."  You may have to page

14 down.

15      A.   (Complied.)  Okay.

16      Q.   So you've reviewed the counterclaims.  Are

17 you familiar with this claim against the United

18 States?

19      A.   (Examined exhibit.)  Well, just based on

20 the reading of it, I wouldn't say I've reviewed them

21 in-depth lately, so . . .

22      Q.   Do you know what the complaint is?

23      A.   Well, from my understanding there was

24 project maintenance that the Bureau of Reclamation

25 is responsible for doing, and a lot of it's not
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1 being done.  And so it translates into project

2 inefficiencies based on vegetation within the

3 channel.  I think that's part of it.

4      Q.   Who's the person with the most knowledge

5 at the OSE on U.S. operation of maintenance of the

6 project facilities?

7               MR. WECHSLER:  Foundation.

8      A.   Well, it's handled -- most of that's

9 handled with the -- I would say through the

10 Interstate Stream Commission based on the fact that

11 we have a -- nearly a $750,000 to a million dollar

12 contract a year to help dredge out the channel right

13 above Elephant Butte to make sure we get our Compact

14 deliveries into the lake there.  And so the

15 Interstate Stream Commission is constantly reviewing

16 channel efficiencies.

17               And, in fact, during our Rio Grande

18 Compact Commission meetings, we have reports from

19 the Bureau of Reclamation annually that talks about

20 maintenance and talks about efficiencies and answers

21 questions that we have.  And those questions are

22 usually given to me through our Interstate Stream

23 Commission staff to address some of these

24 inefficiencies within the channel.

25      Q.   (BY MR. LEININGER)  And my question's a
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1 little broader than that.  I mean, you have an

2 allegation here that United States has allowed

3 growth of water consuming vegetation around the

4 reservoirs and along the channel.  And allowed the

5 channel, in the next paragraph, to fill with silt

6 and other debris.  Who is the person in New Mexico

7 who has the most knowledge regarding these

8 allegations?

9               MR. WECHSLER:  Same objection.

10      A.   Well, again, are we looking at the same --

11 so the counterclaims document that was filed in

12 2018, you know, when this was written and put

13 together, I would just go back to our experts that

14 were with New Mexico at that time and it would

15 go back to Raul Schmidt-Peterson.  Peggy Barroll,

16 probably, was doing some work down there, although

17 she's more of the hydrologist.  But it would be them

18 and their staffs or immediate staffs that deal with

19 Rio bed operations.

20      Q.   (BY MR. LEININGER)  Right.  I mean, we

21 have not seen an expert report from New Mexico

22 specifically addressing this question of channel

23 maintenance and the impacts of efficiency in project

24 operations.  Peggy Barroll had touched upon it, but

25 we didn't see any studies attempting to quantify
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1 you to interpret the contract.  I'm just asking you

2 whether it is the contract that defines the

3 apportionment New Mexico gets below Elephant Butte

4 Reservoir, no matter what's in the contract?

5               MR. WECHSLER:  Object to form.

6      A.   Well, I think the Compact itself and the

7 originators of the Compact, they always talk about

8 that acreage split, you know, the 88,000 acres that

9 could go up by 3 percent in New Mexico and the

10 67,000 for a total of 155,000 and they had that

11 3 percent of variance that they would allow.

12               So I think the Compact -- when the

13 Compact was set up, it contemplated that split and I

14 think the operating, or the -- not the operating

15 agreement, but the contracts with the districts are

16 consistent with the understanding of the Compact.

17 That's the best I can answer to your question.

18      Q.   (BY MR. SOMACH)  Yeah.  Let me just ask:

19 Is there any daylight between what's in the

20 contracts and what New Mexico is apportioned under

21 the -- under the Compact?

22               MR. WECHSLER:  Form and foundation.

23      A.   And I'm not familiar with the contracts,

24 Mr. Somach.  So I'm not sure if there's any daylight

25 between what's in the contract and what New Mexico's
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1 apportioned.

2      Q.   (BY MR. SOMACH)  Well, the Compact,

3 Article 4, any other article, doesn't talk about

4 57/43, does it?

5      A.   I don't believe so.  The Compact just

6 talks about how the water's gonna get delivered.

7               So, no, I don't think it -- but I know

8 the Compact founders, everything that I've seen,

9 always contemplated that split based on the acreage

10 and operating the project as a single unit, equal

11 project water to each project acre.  And then -- so,

12 again, I'm getting back to my understanding of the

13 project supply that the Compact actually apportions

14 the water to New Mexico and Texas.  So I'm just

15 saying the contracts that the Bureau of Reclamation

16 has is part of that overall picture that helps

17 identify that acreage split.

18      Q.   Well, actually, you framed my next

19 question, perhaps inadvertently.

20               But what else besides the contracts

21 frame what New Mexico gets in terms of a

22 apportionment below Elephant Butte Reservoir?

23      A.   Well, obviously the understanding of the

24 historical operation of the Compact is how the

25 project supply essentially is used by both states.
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1 And the project supply, like I'd said before, it

2 includes those return flows, and it also includes

3 any of the flood flows or extra flows that come in

4 downstream.

5      Q.   And that's how the project is operated and

6 what the entitlements are under the contracts; isn't

7 that true?

8      A.   Again, I'm not really familiar with the

9 contract -- the specific aspects of the contract

10 other than I know it apportions the water in those

11 amounts.  But I've really never looked or studied

12 the contract terms.

13      Q.   In your opinion, can New Mexico use the

14 water that's apportioned to it under the Rio Grande

15 Compact below Elephant Butte Reservoir in a manner

16 that's inconsistent with Elephant Butte Irrigation

17 District's contracts with the United States?

18      A.   Well, not the surface water apportionment.

19      Q.   It had been my understanding that

20 New Mexico doesn't believe groundwater was

21 apportioned under the Compact.  Is that an incorrect

22 understanding?

23      A.   No, that's true.  Groundwater is not

24 apportioned under the Compact.

25      Q.   Well, all the Compact deals with is
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1 surface water, and the question is:  Can New Mexico

2 utilize the water apportioned to it under the

3 Compact in a manner that's inconsistent with the

4 Elephant Butte Irrigation District contract with the

5 United States?

6               MR. WECHSLER:  Object to form.

7 Foundation.

8      A.   Well, I think it's consistent with the

9 Elephant Butte Irrigation District's use of the

10 water.

11      Q.   (BY MR. SOMACH)  The question I had,

12 though, was couldn't Mexico utilize the water that's

13 apportioned under the Compact below Elephant Butte

14 Reservoir in a manner that is inconsistent with the

15 Elephant Butte Irrigation District contract with the

16 United States?

17      A.   Well, again, it's -- I don't think we

18 would use it inconsistently with it, but it is

19 apportioned to New Mexico for the benefit of

20 Elephant Butte.  So I don't think we -- I don't

21 think we look at it to do anything with it in a

22 manner that's inconsistent with Elephant Butte who

23 needs water.

24               But, again, I just want to be clear.

25 It apportioned to the State of New Mexico.
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1      Q.   Yes.  I'm trying to understand what that

2 means, by understanding whether there's a difference

3 between what's provided for in the Elephant Butte

4 Irrigation District contract and what New Mexico was

5 apportioned under the Compact.  Are they the same or

6 are they different things?

7      A.   (Examined realtime screen.)  Well, they're

8 the same -- the quantity is the same.  And I think

9 the -- I just -- so the difference, as I see it is,

10 you know, I think, Texas is of the opinion that, you

11 know, that their water is used as a -- within the

12 terms of that particular contract.  And New Mexico's

13 opinion is that it's apportioned to the State of

14 New Mexico, we're gonna -- we recognize that

15 contract and we -- we're not going to do anything

16 that's inconsistent with Elephant Butte being able

17 to use that water under those contract terms.

18               But just from my perspective on, as

19 the New Mexico Commissioner, that water's

20 apportioned to New Mexico, and it's subject to that

21 contract.

22      Q.   And I'm not -- I'm not quibbling with

23 that.  And I think you may have just answered the

24 question.  You've said that whatever the

25 apportionment -- and I don't mean to put words in
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1 your mouth, so correct me if I say this wrong.

2               But whatever was apportioned to

3 New Mexico below Elephant Butte Irrigation District

4 is subject to the contract with the Elephant Butte

5 Irrigation District, and I've said that.

6               Whatever was apportioned to New Mexico

7 below Elephant Butte Reservoir is subject to the

8 contract that Elephant Butte Irrigation District has

9 for the United States.  Is that what you said?

10      A.   That's what I said.

11      Q.   And I recognize that there is a legal

12 argument about whether there's an apportionment to

13 New Mexico or whether it was something else.

14               Is there a functional difference

15 between what New Mexico believes was apportioned to

16 New Mexico below Elephant Butte Reservoir and what

17 is subject to the contract with the Elephant Butte

18 Irrigation District?

19               MR. WECHSLER:  Form and foundation.

20      Q.   (BY MR. SOMACH)  In other words, there may

21 be a legal distinction, and I don't want to argue

22 the legal issue with you.  I'm trying to figure out

23 if there's a functional difference.

24               Is what functionally New Mexico got

25 below Elephant Butte Irrigation -- Elephant Butte
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1 Reservoir equal to the Elephant Butte Irrigation

2 District's contract with the United States,

3 functionally?

4      A.   Well, I would say functionally in the

5 quantity of the apportionment.

6      Q.   So the quantity apportioned to New Mexico

7 is defined by the Elephant Butte Irrigation District

8 contract?

9               MR. WECHSLER:  Object to form.

10      A.   Yes, you could say that.  That is

11 consistent.

12      Q.   (BY MR. SOMACH)  Beyond quantity is the --

13 does the Elephant Butte Irrigation District define

14 where New Mexico can utilize its apportioned water

15 below Elephant Butte Reservoir?

16      A.   (Examined realtime screen.)

17               Well, I think within a contract

18 there's contract lands, project lands that are

19 subject to the contract.  Again, I have not seen the

20 contract itself; but, yeah, I'm supposing that the

21 place of use is identified within that contract.

22      Q.   And that would define where the

23 apportioned water to New Mexico below Elephant Butte

24 Reservoir could be used -- area that could be used;

25 is that correct?
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1      A.   (Examined realtime screen.)

2               Yeah.  I'd say that's correct.

3      Q.   And what about the purpose of use or the

4 things that the water could be utilized for?  Is

5 that also defined in the contract, in other words,

6 is the use of water -- the purposes of use of water

7 apportioned to New Mexico below Elephant Butte

8 Reservoir, is that also defined in the Elephant

9 Butte Irrigation District's contract with the United

10 States?

11               MR. WECHSLER:  Foundation.

12      A.   Again, Mr. Somach, I'm not familiar with

13 the contract itself.  I'm assuming that it's in

14 there; but, again, I'm not familiar with the

15 contracts.

16      Q.   (BY MR. SOMACH)  Let's assume for the sake

17 of the question that there is a specified use for

18 the water contract with Elephant Butte Irrigation

19 District.

20               With that assumption, would

21 New Mexico's use of water apportioned to it below

22 Elephant Butte Reservoir under the Compact be also

23 limited to the uses within the Elephant Butte

24 Irrigation District contract with the United States?

25      A.   Well, I think it would be limited and
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1 subject to other contracts under the Multiple

2 Purposes Act -- am I saying that right?  I don't

3 know.  The MPA, the act that allows for other water

4 to be used by, say, the City of Las Cruces or others

5 Miscellaneous Purpose Act.  That's what it is.

6      Q.   Are you aware of Miscellaneous Use

7 Purpose -- Purpose Use Act contract that Las Cruces

8 has with the United States?

9      A.   No, I'm really not, but I think most of

10 the Bureau of Reclamation has that ability to enter

11 into both types of contracts.

12      Q.   And that presumably would be consistent

13 with and pursuant to the contract that EBID has with

14 the United States for use of water below Elephant

15 Butte Reservoir; is that correct?

16      A.   Yeah, I think that's correct.

17      Q.   Let me ask quickly a couple of other

18 questions that came out of some earlier questioning.

19               I had asked you about the -- you're

20 the Secretary of the Interstate Stream Commission,

21 correct?

22      A.   That's correct.

23      Q.   And you're also the State Engineer for the

24 State of New Mexico, that's correct, right?

25      A.   That's correct.
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1      Q.   And I think you said that the Interstate

2 Stream Commission will protest if it feels that an

3 application might affect an interstate stream.  Is

4 that a correct statement?

5      A.   Well, protest what?  Protest an

6 application?

7      Q.   If it feels it will affect an interstate

8 stream.

9      A.   Mr. Somach, what I'm asking is you said

10 that the Interstate Stream Commission will protest,

11 and I'm asking what will they protest?

12      Q.   An application.

13      A.   An application, okay.  I just want to make

14 sure you're -- yeah, they have the ability to lodge

15 a protest, based on effects -- any detrimental

16 effects that could happen to a -- regarding the

17 Compact.

18      Q.   Okay.  Now, let's assume for a moment that

19 an application's been granted.  Does the Interstate

20 Stream Commission monitor an interstate stream to

21 ensure that ongoing operations on that stream do not

22 adversely effect New Mexico's ability to meet its

23 obligations to a downstream state?

24      A.   Well, the State Engineer's office and

25 staff is the one that monitors the permits.  They're
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 hereto; that the deposition shall be read and signed.
23
24
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1                THE VIDEOGRAPHER:  Good morning.  We are

2  now going on the record.  The time is 9:39 a.m., and

3  today's date is February 5th, 2020.  Please note that

4  the microphones are sensitive and may pick up

5  whispering, private conversations, and cellular

6  interference.  Please turn off your cellphones and

7  place them away from the microphones as they can

8  interfere with the deposition audio.  This is Media

9  Unit No. 1 in the video deposition of Peggy Barroll

10  taken by the plaintiff in the matter of Texas versus

11  New Mexico filed in the Supreme Court of the United

12  States, Case No. 141.  This deposition is being held

13  at the Drury Plaza Hotel Santa Fe located at 828 Paseo

14  de Peralta.  My name is Gary Goldblum, certified legal

15  video specialist with The Video Department.  I am not

16  related to any party in this action nor am I

17  financially interested in the outcome.  Counsel all

18  present in the room and everyone attending remotely

19  will now state their appearances and affiliations for

20  the record.

21                MR. LEININGER:  I'll start there.  This

22  is Lee Leininger for the U.S. Department of Justice.

23                MR. ROMAN:  David Roman on behalf of the

24  State of New Mexico.

25                MR. WECHSLER:  Jeff Wechsler for the New
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1  Mexico State Engineer.

2                MS. DALRYMPLE:  Shelly Dalrymple for the

3  New Mexico Interstate Stream Commission.

4                MS. BARNCASTLE:  Samantha Barncastle for

5  the Elephant Butte Irrigation District.

6                MR. WALLACE:  Chad Wallace for the State

7  of Colorado.

8                MS. O'BRIEN:  Maria O'Brien for El Paso

9  County Water Improvement District No. 1.

10                MR. SOMACH:  Stuart Somach for the State

11  of Texas.

12                THE REPORTER:  On the telephone?

13                MR. GOLDSBERRY:  Francis Goldsberry for

14  the State of Texas.

15                MR. RICH:  Chris Rich, Solicitor's

16  Office United States.

17                THE VIDEOGRAPHER:  The court reporter is

18  Heather Garza with Veritext.

19                MR. BARTH:  Gil Barth.

20                MR. LEININGER:  Sorry.  There's a few

21  more.

22                THE VIDEOGRAPHER:  Okay.

23                MR. LEININGER:  Who else is on the

24  phone?

25                MR. KOPP:  Michael Kopp for the State of
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1  New Mexico.

2                MR. UTTON:  This is John Utton.  I

3  represent New Mexico State University, Public Service

4  Company of New Mexico, and the Camino Real Regional

5  Utility Authority.

6                MR. LEININGER:  Is that it?  Will you

7  please swear in the witness?

8                      PEGGY BARROLL,

9  having been first duly sworn, testified as follows:

10                   E X A M I N A T I O N

11  BY MR. LEININGER:

12      Q.   Will you please state your full name for the

13  record?

14      A.   Margaret Wethered Barroll.

15      Q.   And we've known each other for a long time,

16  so if I slip and call you Peggy, forgive me, but I'll

17  try to stick with the formal Ms. Barroll.

18                MS. DALRYMPLE:  Dr. Barroll.

19                MR. LEININGER:  Dr. Barroll.  Thank you.

20  Dr. Barroll.

21      Q.   (BY MR. LEININGER)  So let me introduce

22  myself.  My name is Lee Leininger with the U.S.

23  Department of Justice.  I'll be asking questions.

24  Other attorneys will likely be asking questions so

25  when I finish, we're not -- we're not finished, and I
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1  may reserve the opportunity to come back and ask

2  follow-up questions.  Okay?

3      A.   Okay.

4      Q.   Okay.  And who's representing you today?

5      A.   David Roman.

6      Q.   From --

7      A.   The New Mexico State's Attorney General's

8  Office.

9      Q.   Okay.  Thank you.  Have you had your

10  deposition taken before?

11      A.   Yes, I have.

12      Q.   How many times?

13      A.   I'm not sure.  Probably around ten.

14      Q.   Oh, okay.  So you're very familiar with it.

15  When was the last time you had your deposition taken?

16      A.   Oh, it's been several years.  I'm not sure

17  when.

18      Q.   All right.  And basically, you know, if you

19  can just give me the list and -- and what your

20  depositions were in reference to?

21      A.   Okay.  I've done, I think, three or four that

22  were related to actual court cases as opposed to

23  hearings.  I was deposed in the Pecos settlement

24  litigation.  I was deposed in a water rights hearing

25  that went to trial for the Santa Fe ski area and then
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1  one for the Pegasus gold mine and then a bunch of them

2  that were just water rights hearings like the Hideout

3  Golf Course case and a couple of times for various ski

4  areas.  More of the Pegasus Gold Mine and Lone

5  Mountain.

6      Q.   So they were all in the context of your

7  professional expertise?

8      A.   I -- yeah.  And I was deposed once for -- it

9  was -- involved a traffic accident.

10      Q.   Okay.  And how about testimony, have you

11  testified in trial?

12      A.   I -- I think I only went to actual trial once

13  for the Santa Fe ski area.  The other once settled or

14  summary judgment before trial.

15      Q.   And these hearings, the administrative

16  hearings or --

17      A.   I testified at a lot of administrative

18  hearings.

19      Q.   Okay.  So you're familiar with the ground

20  rules of a deposition, correct?

21      A.   Yes, I am.

22      Q.   Let's just go through those very quickly.

23  You're under oath, subject to penalty of perjury so

24  it's just like testifying.  You understand your

25  answers are sworn testimony?
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1                MR. LEININGER:  Okay.  All right.  Why

2  don't we take a break now.

3                THE VIDEOGRAPHER:  We're going off the

4  record.  The time is 10:52.

5                       (Break.)

6                THE VIDEOGRAPHER:  We are going back on

7  the record.  The time is 11:12.

8      Q.   (BY MR. LEININGER)  Let's go ahead and mark

9  the next exhibit, so we'll put your CV aside.

10                (Exhibit No. 4 was marked.)

11      Q.   (BY MR. LEININGER)  Dr. Barroll, you've been

12  handed exhibit marked No. 4?

13      A.   Yes.

14      Q.   And it's a slides taken from a PowerPoint

15  with the title slide reading, "Active Water Resource

16  Management in the Lower Rio Grand."  Then it has the

17  Office of the State Engineer and the Interstate Stream

18  Commission logo and states, "Tools For New Era in

19  Water Management, presented by Peggy Barroll,

20  Hydrologist, New Mexico Office of the State Engineer,

21  Lower Rio Grande Water Users Association 8/19/05,"

22  August 19, 2005.  Did I read that correctly?

23      A.   Yes.

24      Q.   Do you recognize this document?

25      A.   Yes.
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1      Q.   Did you compile this document?

2      A.   Yes, I did.

3      Q.   Why don't we start with just the first page.

4  And I'll probably use the acronym AWRM.  Are you

5  familiar with that?

6      A.   Yes, I am.

7      Q.   Is that stands for active water resource

8  management?

9      A.   That's correct.

10      Q.   Briefly tell me, what was -- what is the

11  AWRM?

12      A.   AWRM originated with the -- a piece of

13  legislation in which the state legislator instructed

14  the state engineer to administer water rights in the

15  absence of an adjudication in order to improve

16  interstate stream management and for other reasons, I

17  guess, and the state engineer wrote some framework

18  rules on how administration -- priority administration

19  or otherwise in the absence of a completed

20  adjudication would occur.

21      Q.   So when you say, "Instructed the state

22  engineer to -- the state legislator instructed the

23  state engineer to administer water rights in the

24  absence of an adjudication," what water rights or what

25  uses of water are you talking about?
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1      A.   I think it would include any use of water in

2  New Mexico.

3      Q.   Okay.  So this is essentially for the

4  administration of any use of water in New Mexico, and

5  this, in particular, for the Lower Rio Grande?

6      A.   Yes.

7      Q.   How was --

8      A.   This presentation is related to the Lower Rio

9  Grande.

10      Q.   So this is dated 2005, year 2005.  How were

11  water uses administered by the OSE prior to 2005?

12      A.   So at that time, we had -- we would sort of

13  talk amongst ourselves as to sort of normal or

14  standard administration of water rights versus active

15  administration of water rights, active administration

16  being more related to some sort of priority call or

17  other curtailment of water rights, if necessary, in

18  times of shortage.  And so prior to -- and, actually,

19  you know, so far in the Lower Rio Grande, we have not

20  done active curtailment of any water rights.  The

21  normal administration has been, you know, the

22  requirement of anyone who's drilling a well or

23  appropriating water for use to come to the state

24  engineer's office and get a permit, go through the

25  application process, allow for protests or objections,
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1  may have to go to hearing, and then permits would be

2  issued with conditions, which would have to be

3  fulfilled and enforcement by the office of these

4  conditions and then, again, we have -- as part of the

5  early active water resource management, that was the

6  declaration of the water master district appointment

7  of water master and water master staff and the

8  metering order.

9      Q.   And when was that?  When was the appointment

10  of the water master?

11      A.   I think 2004 would have been when the first

12  water master was appointed.

13      Q.   Okay.  So prior to that, administration was

14  limited to metering, and that metering was only M&I?

15      A.   Prior to that time, there was not

16  comprehensive metering of irrigation uses.  I think

17  some of them were, in fact, metered before that time,

18  but there was no comprehensive metering of irrigation

19  uses.  I -- I believe all M&I was metered.

20      Q.   And with regard to administration, beyond

21  metering -- and we talked about the metering orders,

22  correct?

23      A.   Yes.

24      Q.   Beyond that, what actively did the OSE do to

25  administer water uses?
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1                MR. ROMAN:  Object to form; foundation.

2                But you can answer.

3      A.   The administration consisted of all new uses

4  or new wells or changes in water use aside from

5  surface water within the project, but all other

6  changes in use, they'd have to -- water users would

7  have to come to the state engineer, file a permit, and

8  it would be evaluated for impairment, might go to

9  hearing.  There'd be opportunity for protests.  There

10  would be conditions and then enforcement of those

11  conditions.

12      Q.   (BY MR. LEININGER)  Okay.  And outside of

13  that, how -- how about administration for quantities

14  of water use?

15      A.   Water users who had permits with quantities

16  listed, there would -- state engineer's office, those

17  users would be limited to the amounts listed on their

18  permits.

19      Q.   Okay.  And -- and I'm sorry.  For "permits,"

20  what are you referring to?

21      A.   The permit from the state engineer's office

22  to divert groundwater say.

23      Q.   So the permitting process, let's go ahead and

24  talk a little bit about that.  When did that begin?

25      A.   I believe in 1980 with the declaration of the
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1      Q.   Okay.  Do you -- do you recall -- you say it

2  was a settlement.  Do you recall what the OSE position

3  was prior to settlement, what the FDR should have

4  been?

5      A.   I think the reports -- our reports had

6  different figures in them.  John Longworth was taking

7  the lead on this rather than myself.  I think we had

8  some numbers in the high 3s and a number around 4.

9      Q.   Not more than 4?

10      A.   I don't believe so.  I don't remember all of

11  the things that were in our exhibits.

12      Q.   So these are -- these are estimates then for

13  amount of water pumped for agricultural purposes

14  during a full supply year of 3 acre feet per acre,

15  which is related to usable water in storage, correct?

16      A.   Yeah.  Except these are -- I mean, the -- the

17  bars are the limits of what groundwater could be

18  pumped if the FDRs were set to these levels.

19      Q.   And you're calculating limits based upon

20  total number of acres or -- or what for the F -- for

21  this calculation of what the limits would be with

22  these FDRs?

23      A.   I don't remember what I threw in for acreage

24  in that calculation, whether I -- oh, I think I was

25  throwing in 75,000 acres.
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1      Q.   Oh, is that on here?

2      A.   That's in that table.

3      Q.   Okay.  You have the magnifying glass so --

4      A.   Yeah.

5      Q.   -- I'll take your word for it.  Okay.  So

6  let's jump over to the sustainable -- sustainable

7  system column.  You have a bullet point here from this

8  2005 document that says, "If the aquifer system

9  continues to operate in this way, it will continue to

10  be a sustain -- it will continue to be a sustainable

11  system.  Draw downs from drought will recover in

12  intervening good years."  So that's the conclusion in

13  2005, correct?

14      A.   Yeah.  That's what I -- that's what we

15  thought -- that's what I thought in 2005, yeah.

16      Q.   Okay.  And then you go onto say, "If

17  groundwater pumping regularly exceeds recharge, the

18  LRG aquifer system will cease to be a sustainable

19  system and turn into a mined aquifer."

20      A.   Yes.

21      Q.   Is that the situation we're in now?

22      A.   Yes.

23      Q.   And when did the LRG aquifer system, in your

24  view, become a mined aquifer?

25      A.   I'd say in the years following the adoption
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1  of the operating agreement when EBID's allocation in

2  full supply years was decreased by over a hundred,

3  150,000 acre feet so that in full supply years, the

4  amount of surface water applied and available for

5  recharge is now significantly lower and then EBID

6  farmers pump more groundwater to make up for that lack

7  in surface water and so all together, the farm -- the

8  aquifer budget is changed in such a way that we are

9  probably largely in a mined condition, though it's

10  possible we may be able to get some recovery in some

11  of the wet years.

12      Q.   Okay.  Let's break that down a little bit.

13  What -- what year do you think you would define

14  pumping -- and, again, I guess we're talking the

15  Mesilla and Rincon -- Rincon valleys as being a mined

16  aquifer?

17                MR. ROMAN:  Object to form.

18      A.   So I think that we started -- so D3

19  allocation was initiated in 2006.  2006 through 2010,

20  the project had close to a full supply.  EBID's

21  allotments were close to two.  I think we were -- the

22  aquifer was holding its own then, and then we went

23  into drought, very low surface water supply.  In 2011,

24  groundwater levels declined, and they have never

25  really since recovered.  I could say we started a
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1  little earlier, because we -- there was the

2  groundwater level drop in 2003/2004, and it never

3  really recovered from even that drop so maybe the

4  mining started in 2003.

5      Q.   (BY MR. LEININGER)  Okay.  So you -- you used

6  the term here sustainable system.  So sustainable

7  system would be prior to 2001?

8      A.   Prior to 2003, I guess.

9      Q.   Prior to 2003.  And then just for definition

10  purposes, how do you define a mined aquifer?

11      A.   One in which the -- on a long-term average

12  basis, pumping exceeds recharge and so groundwater

13  levels continue to decline.

14      Q.   Okay.  You can put that one away.

15      A.   Here, you can have this.

16      Q.   Oh, thanks.

17      A.   My mother had one of those.

18      Q.   I wish I could keep this, but it's actually

19  Department of Justice property.

20           Okay.  So we're back to our favorite Exhibit

21  4, and here on this Page 12 -- I'm sorry, the next

22  page, it says, "This effect has been evident in the

23  recent drought."  Just for foundation, I think you're

24  referring to the effect on groundwater pumping as

25  having on drains; is that right?
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1      A.   Yeah.

2      Q.   Okay.  So as of -- as of 2005, your statement

3  here, "The drains have dried up rapidly and have not

4  yet recovered."  You think that was a result of the --

5  of the early 2000s drought?

6      A.   Yeah.  That was the 2003/2004 drought, dried

7  up the drains.

8      Q.   Okay.  And you say "have not yet recovered,"

9  so when you wrote this, was there a full supply year?

10      A.   I -- I'm not sure.  Let's see.  2005 was sort

11  of technically speaking a full supply year.  There was

12  a full supply allocation made, but I think that it was

13  only -- it only got up to a full supply allocation

14  late in the year, so EBID and EP No. 1 didn't really

15  take a full supply delivery.

16      Q.   Okay.

17      A.   So it's questionable as to whether -- then,

18  of course, once you get to 2006, D-3 allocation, so

19  EBID doesn't get the same full supply allocation as it

20  used to get.

21      Q.   So would you expected the drains to recover

22  after the drought in 2001 --

23      A.   2003/2004.  So this was written in 2005, so

24  would it have recovered?

25      Q.   Okay.  I'm sorry.  I thought you said the
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1  drought years were 2002/2003?

2      A.   If I said that, I was -- I misspoke.

3      Q.   Okay.

4      A.   It was 2003 and 2004 were the years where the

5  project had a very low supply, very low allocation in

6  allotments.

7      Q.   They had not recovered by the time you'd --

8      A.   The drains had not come back by the time I

9  wrote this report.

10      Q.   Gotcha.

11      A.   This PowerPoint.

12      Q.   Okay.  That finally gets us to the title of

13  this presentation, which is the AWRMs.  Slide 14,

14  you've got a slide titled, "In addition, the district

15  specific regulations will include priority

16  administration."

17      A.   So two slides ahead, and it says "in

18  addition" is the title of it?

19      Q.   Right.

20      A.   Yeah, okay.  "In addition, the district

21  specific regulations will include priority

22  administration"?  That's the one?

23      Q.   Yeah.

24      A.   Okay.  Yes.

25      Q.   So let's start in a nutshell.  What --
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1  explain the AWRMs and -- well, let's start there.

2  Explain the AWRMs and their goal, what they were

3  trying to accomplish?

4      A.   The AWRM rules are -- including the framework

5  rules were to give the state engineer a regularized

6  official documented way to curtail water rights and

7  priority if necessary, even in the absence of a

8  completed adjudication.

9      Q.   Okay.  The reasons are stated on this

10  slide, "To protect the historical operations of the

11  Rio Grande project."  So how was curtailment of junior

12  groundwater rights necessary to protect historical

13  operations of the Rio Grande project?

14      A.   Well, it -- the regs -- the idea of the regs

15  was to provide a mechanism to provide the means by

16  which junior groundwater rights would be curtailed in

17  priority if necessary to protect the historical

18  operations of the Rio Grande project.  So I believe

19  those draft regs had, like, a provision for the U.S.

20  to do a priority call on behalf of the project.  So if

21  the U.S. viewed the historical -- that the operations

22  of the Rio Grande project were being impaired by

23  junior groundwater use, the U.S. had this -- the --

24  the regs would have given the U.S. this mechanism to

25  ask the state engineer to make a call, and because
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1  junior groundwater pumping -- or groundwater pumping,

2  in general, can affect reduced groundwater levels,

3  increase river seepage, making it more difficult to

4  deliver project water, deplete drain flows, which

5  reduces project supply, et cetera.

6      Q.   The next page talked about a priority

7  administration target?

8      A.   Yes.

9      Q.   So to protect the historical operating

10  efficiency of the Rio Grande was -- that was the

11  purpose of the AWRMs?

12      A.   That was the target that we had developed in

13  the -- that those draft district specific regs.

14      Q.   Okay.  The D2 curve?

15      A.   Yeah.

16      Q.   And we -- we can pull up that when we take a

17  look at the -- the AWRMs, but just briefly, what was

18  the D2 curve?

19      A.   The D2 curve was an analysis developed by

20  Bureau of Reclamation staff probably during the early

21  1980s in which they compared historical data from 1951

22  to 1978 from the monthly water data distribution

23  reports on comparing release from storage -- release

24  from project storage versus how much project water was

25  diverted from stream by the districts in Mexico during

Page 162

Veritext Legal Solutions
800-336-4000

TX_MSJ_000911



1  that time period.  It's -- can be used as a measure of

2  project performance or efficiency.

3      Q.   That time period was what?

4      A.   1951 to 1978.

5      Q.   So the AWRMs were intended to ensure the same

6  amounts of delivery at these downstream head gates

7  from a given release at Caballo?

8      A.   They were intended to maintain the same level

9  of project efficiency.  There were some downstream

10  targets, I believe, in the -- in the regs.  They -- I

11  don't think they were necessarily river head gate

12  diversions.

13      Q.   Okay.  So what were they?

14      A.   I don't remember, but I -- I don't want to

15  say they were down head gate diversions, because I

16  don't recall that they were, but I haven't read them

17  lately.

18      Q.   Okay.  So I understood your -- your

19  conception of D2 was a certain amount of release

20  generated a certain amount of diversion downstream?

21      A.   Yeah.

22      Q.   And these diversions were at the head gates

23  or elsewhere?

24      A.   The diversions in the D2 curve were at, yeah,

25  river -- river heading -- canal headings on -- on the
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1  river, pretty much.

2      Q.   Well -- so this is important.  Are the

3  diversions you're referring to diversions at the major

4  head gates for the districts --

5      A.   Yes.

6      Q.   -- downstream?

7      A.   Yes.

8      Q.   Okay.

9      A.   They were.

10      Q.   Okay.  And that was for that period between

11  '52 and '78?

12      A.   '51 and '78.

13      Q.   Sorry.  '51 and '78.  Right.  So the AWRMs

14  were being generated to continue to produce that

15  amount of diversions given the historic '51 to '78

16  time period for a release of water from storage?

17      A.   It was intended to attempt to maintain the

18  level of efficiency -- project efficiency from that

19  period, and there was -- I know there was

20  understanding there would be adjustments in it, for

21  example, Canutillo pumping would be explicitly

22  accounted for.  So it's -- you know, it's not as

23  exactly the same diversions as in the D2 period.

24  It's -- it would have -- there was understanding that

25  there'd have to be adjustments made for changes in
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1  conditions --

2      Q.   Okay.  So --

3      A.   -- and diversions since that point.

4      Q.   So the Canutillo well field is a well field

5  that's in Texas in the lower Mesilla valley, correct?

6      A.   That's correct.

7      Q.   Okay.  So other than adjustments for

8  Canutillo pumping and effects on delivery -- surface

9  water delivery, what other adjustments were considered

10  in the AWRMs?

11      A.   I don't know that we have any others listed

12  in there.

13      Q.   Okay.  Let's go to Page 22 on this.

14                MR. ROMAN:  Can you give the title?

15                MR. LEININGER:  Yeah.  I'm sorry.  22 is

16  titled, "Why administer to the historical operating

17  conditions?"

18      Q.   (BY MR. LEININGER)  You give four reasons

19  here.  First gives a quantified target for surface

20  water delivery; second, documented in US BOR Rio

21  Grande project water supply allocation procedures;

22  three, it has been the basis of Rio Grande project

23  operations for 50 years; four, it is generally

24  favorable to New Mexico.  Let's just look at that last

25  bullet point.  How is it generally favorable to New
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1  Mexico?

2      A.   Well, at the time I believed it was -- our

3  team believed it was because it incorporated pumping

4  that was occurring during the 1951 to 1970 period.

5      Q.   Okay.  So explain to me how that's generally

6  favorable to New Mexico if you're basing a target on

7  pumping that was impacting surface flows?

8      A.   It's -- it was considered generally favorable

9  to New Mexico to not cause a great disruption in the

10  irrigation district and to allow and to ensure that

11  the groundwater necessary to supply the project during

12  times of drought is included in the consideration of

13  what the efficiency of the project should be.

14      Q.   All right.  So by saying "not disruptive,"

15  you mean it grandfathers in a certain amount of

16  ground -- groundwater pumping in that --

17      A.   That is what we believed at the time, yes.

18      Q.   -- in that period prior to 1978?

19      A.   Yes.

20      Q.   Okay.  So it's generally -- you say it's

21  generally favorable compared to what?  What -- what

22  were you concerned about that would be the

23  alternative?

24      A.   We did not want to implement a kind of any

25  administration that would make agriculture untenable
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1  in the Lower Rio Grande by preventing groundwater

2  pumping during times of low surface water supply.

3      Q.   Okay.  Any other reasons?

4      A.   That we regarded as -- any other reasons of

5  what?

6      Q.   Well, we'll get -- I'm going to pull out one

7  more PowerPoint that you generated or the OSE

8  generated, and it talked about concerned about

9  lawsuits from Texas.  So was that a consideration?

10      A.   Well, that was a consideration in doing AWRM

11  all together in the Lower Rio Grande.  I mean, the

12  fact that we were doing AWRM was, I believe -- I mean,

13  I believe the AWRM statute in itself was, again,

14  motivated by the possibility of interstate litigation.

15      Q.   Okay.  So how'd it go?  What happened to

16  AWRMs?

17                MR. ROMAN:  Object to form.

18                MR. LEININGER:  Yeah.  Let me -- I'll

19  restate that question.

20      Q.   (BY MR. LEININGER)  The AWRMs were not

21  adopted, correct?

22      A.   That's correct.

23      Q.   Okay.

24                MR. ROMAN:  And I'd just like to

25  clarify.  You've been using the term AWRMs, but if --
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1  if I'm mistaken, correct me, but I believe you're

2  referring to the district specific regulations under

3  the active water resource management statute, but if

4  I'm mistaken, that's fine.

5                MR. LEININGER:  Yeah, that's correct.

6  As they applied to the Lower Rio Grande.

7      A.   Right.

8      Q.   (BY MR. LEININGER)  That's been your

9  understanding?

10      A.   The district specific regs have not been

11  adopted.

12      Q.   Okay.  All right.  So to the -- to the best

13  of your knowledge, why were they not adopted?

14      A.   There's been a lot of things that happened,

15  and I -- I can't really say for sure.  The framework

16  regs were in litigation for a long time, and a lot of

17  facts on the ground changed shortly after the -- we

18  put out these drafts.

19      Q.   So you recall that the AWRMs were subject to

20  litigation that was -- went all the way up to the New

21  Mexico Supreme Court, correct?

22      A.   That's right.

23      Q.   All right.  And the Supreme Court found that

24  the AWRMs were legally authorized under New Mexico

25  statute and laws?
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1      A.   That the framework was constitutional.

2      Q.   It was constitutional.  Thank you.  Yeah.  It

3  was a constitutional question.  So after AWRMs were

4  found to be constitutional and consistent with the law

5  of New Mexico, was there any attempt by the State of

6  New Mexico, the OSE office, to revisit AWRMs in the --

7                MR. ROMAN:  Object --

8      Q.   (BY MR. LEININGER)  -- Lower Rio Grande?

9                MR. ROMAN:  Object to form and

10  foundation.

11      A.   The topic has come up.  It's come up in the

12  forum of the users group, which I guess is covered by

13  confidentiality.  We have not issued -- the state

14  engineer has not issued completed or issued another

15  draft of the district specific rules and regulations.

16      Q.   (BY MR. LEININGER)  Okay.  There's -- there

17  was two drafts, correct, in --

18      A.   Yeah, yeah, I believe so.

19      Q.   All right.  How are we doing?  Let's -- let's

20  push on until 5:00, and then we'll decide what to do

21  from there.  Are you doing okay?  Do you need a break?

22      A.   I'm okay.

23      Q.   You can put this away.

24      A.   Some water.

25                MS. DALRYMPLE:  I'll get it.
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1                (Exhibit No. 10 was marked.)

2      Q.   (BY MR. LEININGER)  You've been handed what's

3  been labeled Exhibit 10.  It appears to be another

4  PowerPoint slide series, and this one on the cover

5  sheet says, "Active Water Resource Management,

6  Protecting Our Water Future, Office of the State

7  Engineer, Lower Rio Grande Water District, Water

8  Master District, State of New Mexico June 28th, 2006."

9  Did I get that right?

10      A.   Yes.  I think so.

11      Q.   Were you -- did you generate these slides?

12      A.   Looks -- some of them are mine.

13      Q.   Okay.  So you're familiar with this slide

14  show?

15      A.   Yes.

16      Q.   So this is about a year after the prior slide

17  show dated June 28th, 2006.  The other one, which

18  we've been talking about, was dated August 19, 2005.

19  So let's go Page 6.  And the purpose of this slide

20  show is to still roll out the draft active water

21  resource management regulations and to promote them,

22  the OSE was promoting them; is that correct?

23      A.   Yes.  I believe so, yes.

24      Q.   Let's go to the slide that -- or I believe

25  it's 6.  It says, "Population growth."

Page 170

Veritext Legal Solutions
800-336-4000

TX_MSJ_000919



1      A.   Yes.

2      Q.   And it states, "Fact, water demand is

3  growing, supply is not.  Regional population growth

4  projections," and you've got a bar chart with four --

5  five years, two thousand -- sorry, five decades, 2000,

6  2010, 2020, 2030, and 2040.  So are these projections

7  still reasonably accurate?

8      A.   I don't know.  I'm not -- this isn't my

9  field.

10      Q.   Oh, okay.  So you didn't participate -- you

11  didn't assist in the generation of this slide?

12      A.   I didn't generate these, and I don't know.

13      Q.   Okay.  Okay.  Let's go to the slide, I

14  believe it's the 12th page, it says, "Fact, as a

15  result, total consumption of irrigation water has

16  increased."  Do you see that slide?

17      A.   Yes.  That was a conclusion based on the --

18  the data and analysis we had at that time.  The CIRs

19  were probably generated using that modified

20  Blaney-Criddle by the -- by Bryan Wilson from water

21  use and report.  It's -- I mean, this is -- this is

22  what we thought -- this is how we viewed the picture

23  at the time.

24      Q.   Okay.  And it's slightly different from your

25  previous slides the year earlier.  You have a -- a
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1           IN THE SUPREME COURT OF THE UNITED STATES

2            BEFORE THE OFFICE OF THE SPECIAL MASTER

                   HON. MICHAEL J. MELLOY

3

4   STATE OF TEXAS            )

                            )

5           Plaintiff,        )

                            )     Original Action Case

6   VS.                       )     No. 220141

                            )     (Original 141)

7   STATE OF NEW MEXICO,      )

  and STATE OF COLORADO,    )

8                             )

          Defendants.       )

9

10

 THE STATE OF TEXAS :

11  COUNTY  OF  HARRIS :

12      I, HEATHER L. GARZA, a Certified Shorthand

13  Reporter in and for the State of Texas, do hereby

14  certify that the facts as stated by me in the caption

15  hereto are true; that the above and foregoing answers

16  of the witness, PEGGY BARROLL, to the interrogatories

17  as indicated were made before me by the said witness

18  after being first duly sworn to testify the truth, and

19  same were reduced to typewriting under my direction;

20  that the above and foregoing deposition as set forth

21  in typewriting is a full, true, and correct transcript

22  of the proceedings had at the time of taking of said

23  deposition.

24           I further certify that I am not, in any

25  capacity, a regular employee of the party in whose
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1  behalf this deposition is taken, nor in the regular

2  employ of this attorney; and I certify that I am not

3  interested in the cause, nor of kin or counsel to

4  either of the parties.

5

6           That the amount of time used by each party at

7  the deposition is as follows:

8           MR. LEININGER - 05:07:04

          MR. ROMAN - 00:00:00

9           MR. SOMACH - 00:00:00

          MR. WALLACE - 00:00:00

10           MS. O'BRIEN - 00:00:00

          MS. BARNCASTLE - 00:00:00

11

12           GIVEN UNDER MY HAND AND SEAL OF OFFICE, on

 this, the 24th day of February, 2020.

13

14

                   <%16770,Signature%>

15                    HEATHER L. GARZA, CSR, RPR, CRR

                   Certification No.:  8262

16                    Expiration Date:  04-30-22

                   VERITEXT LEGAL SOLUTIONS

17                    Firm Registration No. 571

                   300 Throckmorton Street, Suite 1600

18                    Fort Worth, TX 76102

                   1-800-336-4000

19

20

21

22

23

24

25
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1 droman@roblesrael.com

2                        February 24, 2020

3 RE: Texas v. New Mexico

4 DEPOSITION OF: Peggy Barroll (# 3852882)

5      The above-referenced witness transcript is

6 available for read and sign.

7      Within the applicable timeframe, the witness

8 should read the testimony to verify its accuracy. If

9 there are any changes, the witness should note those

10 on the attached Errata Sheet.

11      The witness should sign and notarize the

12 attached Errata pages and return to Veritext at

13 errata-tx@veritext.com.

14      According to applicable rules or agreements, if

15 the witness fails to do so within the time allotted,

16 a certified copy of the transcript may be used as if

17 signed.

18                          Yours,

19                          Veritext Legal Solutions

20

21

22

23

24

25
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1           IN THE SUPREME COURT OF THE UNITED STATES
2            BEFORE THE OFFICE OF THE SPECIAL MASTER

                   HON. MICHAEL J. MELLOY
3
4   STATE OF TEXAS            )

                            )
5           Plaintiff,        )

                            )     Original Action Case
6   VS.                       )     No. 220141

                            )     (Original 141)
7   STATE OF NEW MEXICO,      )

  and STATE OF COLORADO,    )
8                             )

          Defendants.       )
9

10
11  ******************************************************
12             ORAL AND VIDEOTAPED DEPOSITION OF
13                       PEGGY BARROLL
14                     FEBRUARY 6, 2020
15                         VOLUME 2
16  ******************************************************
17

       ORAL AND VIDEOTAPED DEPOSITION of PEGGY BARROLL,
18  produced as a witness at the instance of the

 Plaintiff, and duly sworn, was taken in the
19  above-styled and numbered cause on February 6, 2020,

 from 8:41 a.m. to 3:24 p.m., before Heather L. Garza,
20  CSR, RPR, in and for the State of Texas, recorded by

 machine shorthand, at the DRURY PLAZA HOTEL - SANTA
21  FE, 828 Paseo De Peralta, Santa Fe, New Mexico,

 pursuant to the Federal Rules of Civil Procedure and
22  the provisions stated on the record or attached

 hereto; that the deposition shall be read and signed.
23
24
25
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1                A P P E A R A N C E S
2
3  FOR THE PLAINTIFF STATE OF TEXAS:
4      Mr. Stuart L. Somach

     Mr. Francis M. Goldsberry, II (via telephone)
5      SOMACH SIMMONS & DUNN

     500 Capitol Mall, Suite 1000
6      Sacramento, California 95814

     (916) 446-7979
7      ssomach@somachlaw.com

     mgoldsberry@somachlaw.com
8
9  FOR THE DEFENDANT STATE OF NEW MEXICO:
10      Mr. David A. Roman

     ROBLES RAEL ANAYA
11      500 Marquette NW, Suite 700

     Albuquerque, New Mexico 87102
12      (505) 242-2228

     droman@roblesrael.com
13

     -and-
14

     Ms. Lisa M. Thompson (via telephone)
15      Mr. Michael Kopp (via telephone)

     TROUT RALEY
16      1120 Lincoln Street, Suite 1600

     Denver, Colorado 80203
17      (303) 861-1963

     lthompson@troutlaw.com
18      mkopp@troutlaw.com
19

     -and-
20

     Ms. Shelly L. Dalrymple
21      STATE OF NEW MEXICO

     SPECIAL ASSISTANT ATTORNEY GENERAL
22      130 S. Capitol Street

     Concha Ortiz Y Pino Building
23      Santa Fe, New Mexico 87504

     (505) 827-6150
24      shelly.dalrymple@state.nm.us
25
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1  FOR THE DEFENDANT STATE OF COLORADO:
2      Mr. Chad Wallace

     COLORADO DEPARTMENT OF LAW
3      1300 Broadway, 7th Floor

     Denver, Colorado 80203
4      (720) 508-6281

     chad.wallace@coag.gov
5
6  FOR THE UNITED STATES:
7      Mr. R. Lee Leininger

     U.S. DEPARTMENT OF JUSTICE
8      999 18th Street, Suite 370

     Denver, Colorado 80202
9      (303) 844-1364

     lee.leininger@usdoj.gov
10

     -and-
11

     Mr. Christopher B. Rich (via telephone)
12      U.S. DEPARTMENT OF THE INTERIOR

     125 South State Street, Suite 6201
13      Salt Lake City, Utah 84138

     (801) 524-5677
14
15  FOR EL PASO COUNTY WATER IMPROVEMENT DISTRICT NO. 1:
16      Ms. Maria O'Brien

     MODRALL SPERLING ROEHL HARRIS & SISK, P.A.
17      500 Fourth Street N.W.

     Albuquerque, New Mexico 87103
18      (505) 848-1800

     mobrien@modrall.com
19
20  FOR ELEPHANT BUTTE IRRIGATION DISTRICT:
21      Ms. Samantha R. Barncastle

     BARNCASTLE LAW FIRM, LLC
22      1100 South Main, Suite 20

     Las Cruces, New Mexico 88005
23      (575) 636-2377

     samantha@h2o-legal.com
24
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3
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4

      Mr. Ian Ferguson

5       Mr. Jeff Wechsler
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6       Mr. John Utton
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7       Mr. Phil King
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8       Mr. Gilbert Barth (via telephone)
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1                THE VIDEOGRAPHER:  Today's date is

2  February 6th, 2020, and we are going on the record.

3  The time is 8:41 a.m.  This begins DVD No. 4 in the

4  continuation of Dr. Peggy Barroll.  The witness has

5  been sworn in, and you may proceed.

6                      PEGGY BARROLL,

7  having been first duly sworn, testified as follows:

8                   E X A M I N A T I O N

9  BY MR. LEININGER:

10      Q.   Okay.  Good morning, Dr. Barroll.  This is --

11  for the record, this is Lee Leininger.  I'm continuing

12  the questioning this morning.  So yesterday, we had

13  discussed the draft AWRMs, and one question I want to

14  go back to, it's the first public draft, Exhibit 11.

15  Do you still have a copy of that in front of you?

16      A.   Yes, I do.

17      Q.   If you'd turn to Page 14.

18      A.   Yes.

19      Q.   And see Paragraph AAA --

20      A.   Yes.

21      Q.   -- called, "Supply administration date."  And

22  it reads, "Supply administration date, colon, a date

23  to be determined as necessary by the State Engineer

24  for implementation of supply administration to

25  temporarily curtail junior water rights in years in
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1  which the Rio Grande project supply is insufficient to

2  provide an EBID allotment of 3.024 acre-feet per

3  acre."  Did I read that correctly?

4      A.   Yes.

5      Q.   Okay.  So this is the -- we spoke a little

6  bit about 3 acre-feet per acre in one of the earlier

7  exhibits that was produced by the OSE.  This is the

8  only reference to 3.024 in the draft AWRMs and so

9  explain to me why it was important to the OSE at this

10  time to have a supply administration date tied to

11  3.024 acre-feet per acre to provide an allotment to

12  EBID?

13                MR. ROMAN:  I'm going to object to

14  foundation.

15                You can answer.

16      A.   Yes.  My understanding of the use of the

17  3.024 in this context was to provide an indicator of

18  whether it was a full supply year for the project or

19  not, and the -- that was related to the fact that I

20  believe that certain kinds of administration --

21  certain type, and probably the supply administration,

22  was intended to only occur in years -- in -- in

23  non-full supply years.

24      Q.   (BY MR. LEININGER)  Okay.  So we had had some

25  previous testimony with regard to EBID's allotment
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1  targeted to 4.0 acre-foot per acre.  Do you recall

2  that earlier testimony?

3      A.   I think we were talking about limits on

4  groundwater pumping.

5      Q.   Okay.

6      A.   At 4 --

7      Q.   Well, wasn't it in the context of a farm

8  delivery requirement?

9      A.   It was in the context of, yeah, the -- the --

10  a limit of groundwater pumping associated with a farm

11  delivery requirement of 4.

12      Q.   So, in other words, we had an exhibit in

13  which you talked about a combined rate for EBID.  So

14  we had a surface water plus groundwater, which

15  resulted in an amount of water to calculate a farm

16  delivery requirement; is that a fair statement?

17      A.   Right.  A farm delivery requirement that was

18  used to determine the limit of -- for irrigation well

19  pumping for EBID farmers.

20      Q.   Okay.  So the farm delivery requirement of

21  4.0 exceeded the 3.024 acre-feet per acre allotment

22  under the project; is that correct?

23      A.   Yes.

24      Q.   Let's go to the next exhibit.  Sorry.  I have

25  to untether.  I was looking in the wrong pile.  Here
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1      A.   Well, there was not really an allocation

2  process.  It was the Bureau simply allowed people to

3  order water as they see fit.  That was -- I mean, I

4  consider the allocation process when the Bureau is

5  telling the districts or the farmers how much they can

6  order, how much they're entitled to order.  That's

7  what I call the allocation process.  And prior to '51,

8  there were a few years in which the Bureau was saying,

9  looks like we might be short, everybody start

10  conserving water or you can only order two-and-a-half

11  or three, but by the end of the year, they had dropped

12  that limit.  That's the extent of the allocation

13  process prior to 1951.

14      Q.   Have you written a report or otherwise

15  provided information, anecdotal or otherwise, with

16  respect to the -- what I will call the allocation

17  process predicated, upon the fact that you've defined

18  that previously, that describes exactly what you just

19  talked about?

20      A.   What I've talked about, I've learned from

21  reading the project histories.  So what I'm describing

22  is -- is what I've gleaned from reading the project

23  histories of that time period.

24      Q.   Have you done an analysis of the amount of

25  water apportioned to Texas under the 1930 -- 1938 Rio
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1  Grande Compact?

2      A.   No.  The '38 Compact has quantitative

3  delivery obligations to Elephant Butte.  That's -- and

4  I have played around with those relationships a little

5  bit.  Beyond that, no.

6      Q.   Explain what you mean by you've played around

7  with those relationships a little bit.

8      A.   I -- somewhere I have a spreadsheet in which

9  the numbers from the delivery obligations are

10  tabulated, and I think I probably have the numbers

11  from the original Compact and the numbers after the

12  1948 change from delivery from San Marcial to Elephant

13  Butte and compared and contrasted those.  That's what

14  I mean.

15      Q.   Do you have an opinion -- an expert opinion

16  about the quantity of water that was apportioned to

17  Texas under the 1938 Compact?

18      A.   Well, Texas -- I don't regard myself as an

19  expert on the Compact or what the Compact law is.  I

20  think that's what the Supreme Court is going to tell

21  us.

22      Q.   Do you have a -- a -- a opinion as an

23  engineer hydrologist who certainly has rendered

24  opinions with respect to what the allocation -- the

25  Bureau of Reclamation allocation responsibilities are,
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1  do you have a similar view, a non-legal view as to

2  what Texas apportionment under the Rio Grande project

3  was?

4      A.   My understanding is that at the time of the

5  Compact, there was an interdistrict contract in which

6  a division of water under times of shortage was set at

7  57/43 basically, and that I -- it seems to me that

8  that having been contemporaneous with the Compact that

9  there is a relationship between the 57/43 and what the

10  Compact is apportioning the states below Elephant

11  Butte.  But this is, again, my speculation.  When I

12  first started working the Lower Rio Grande, my

13  understanding of the law was that a court had decided

14  that the Compact kind of ended at Elephant Butte and

15  nothing that went on below the Elephant Butte was a

16  Compact matter.

17      Q.   I'm sorry.  I --

18      A.   That nothing that went on below Elephant

19  Butte was a Compact matter.  There was that case, El

20  Paso V. Reynolds in which I think New Mexico was

21  arguing there was Compact issues below Elephant Butte,

22  and the Court said, no, there are not.  But, again,

23  this is my own vague understanding of how these things

24  work.  It seems to me that what goes -- that any

25  apportionment below Elephant Butte is a difficult
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1  subject.

2      Q.   In what context then are you opining with

3  respect to obligations with respect to allocations

4  pursuant to D2?

5                MR. ROMAN:  Object to form.

6      A.   I -- again, I don't know what the Compact

7  obligates New Mexico to deliver to Texas below

8  Elephant Butte.  I've -- I've read the complaints and

9  some of the responses in other court documents.  I've

10  read some of what the first special master wrote and

11  some of what the second special master said.  I find

12  it pretty confusing.  There's a strong suggestion that

13  the Compact encompasses the project, and I've always

14  thought that the Compact was designed to kind of

15  protect the project and make sure enough water got

16  into Elephant Butte to supply the project and then the

17  project would then be responsible for delivering the

18  water between the two states below Elephant Butte.  So

19  in the sense that the project is protected by the

20  Compact, the Compact is intended to support the

21  project in some ways as its delivery mechanism.  I

22  would think that the Compact is not inconsistent with

23  a well-running project in both New Mexico and Texas,

24  which means that in low supply years, supplemental

25  pumping is necessary and is considered to be part of
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1  keeping the project running.

2      Q.   (BY MR. SOMACH)  Is that only -- is that

3  pumping only in low supply years or is it allowable in

4  every year?

5      A.   We're getting beyond where I'd want to

6  speculate.  I -- I think, again, that's all going to

7  be up to the Supreme Court.

8      Q.   Well, you have made a number of -- of --

9  you've rendered a number of opinions with respect to

10  New Mexico somehow being shorted because of the way

11  the Bureau of Reclamation is operating and allocating;

12  is that correct?

13      A.   Yes.  I think current allocation and delivery

14  is -- there's been a large change in allocation and

15  delivery to the detriment of New Mexico, and I think

16  that change has been too great.

17      Q.   That change must be from some thing; is that

18  correct?  In other words, there must be a baseline

19  upon which you are evaluating that change; is that

20  correct?

21      A.   Yeah.  That baseline would be the operations

22  of the Rio Grande project since its inception until

23  2005.

24      Q.   So "since its inception" means all the way

25  back to, what, 19 -- some year in the early 1900s?
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1           IN THE SUPREME COURT OF THE UNITED STATES

2            BEFORE THE OFFICE OF THE SPECIAL MASTER

                   HON. MICHAEL J. MELLOY

3

4   STATE OF TEXAS            )

                            )

5           Plaintiff,        )

                            )     Original Action Case

6   VS.                       )     No. 220141

                            )     (Original 141)

7   STATE OF NEW MEXICO,      )

  and STATE OF COLORADO,    )

8                             )

          Defendants.       )

9

10

 THE STATE OF TEXAS :

11  COUNTY  OF  HARRIS :

12      I, HEATHER L. GARZA, a Certified Shorthand

13  Reporter in and for the State of Texas, do hereby

14  certify that the facts as stated by me in the caption

15  hereto are true; that the above and foregoing answers

16  of the witness, PEGGY BARROLL, to the interrogatories

17  as indicated were made before me by the said witness

18  after being first duly sworn to testify the truth, and

19  same were reduced to typewriting under my direction;

20  that the above and foregoing deposition as set forth

21  in typewriting is a full, true, and correct transcript

22  of the proceedings had at the time of taking of said

23  deposition.

24           I further certify that I am not, in any

25  capacity, a regular employee of the party in whose
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1  behalf this deposition is taken, nor in the regular

2  employ of this attorney; and I certify that I am not

3  interested in the cause, nor of kin or counsel to

4  either of the parties.

5

6           That the amount of time used by each party at

7  the deposition is as follows:

8           MR. LEININGER - 03:03:19

          MR. ROMAN - 00:00:00

9           MR. SOMACH - 01:04:52

          MR. WALLACE - 00:00:00

10           MS. O'BRIEN - 00:00:00

          MS. BARNCASTLE - 00:00:00

11

12           GIVEN UNDER MY HAND AND SEAL OF OFFICE, on

 this, the 24th day of February, 2020.

13

14

                   <%16770,Signature%>

15                    HEATHER L. GARZA, CSR, RPR, CRR

                   Certification No.:  8262

16                    Expiration Date:  04-30-22

                   VERITEXT LEGAL SOLUTIONS

17                    Firm Registration No. 571

                   300 Throckmorton Street, Suite 1600

18                    Fort Worth, TX 76102

                   1-800-336-4000

19

20

21

22

23

24

25
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         IN THE SUPREME COURT OF THE UNITED STATES
          BEFORE THE OFFICE OF THE SPECIAL MASTER
                  HON. MICHAEL J. MELLOY

 STATE OF TEXAS            )
                           )
         Plaintiff,        )
                           )     Original Action Case
 VS.                       )     No. 220141
                           )     (Original 141)
 STATE OF NEW MEXICO,      )
 and STATE OF COLORADO,    )
                           )
         Defendants.       )

******************************************************
       REMOTE ORAL AND VIDEOTAPED DEPOSITION OF
                     PEGGY BARROLL
                    AUGUST 7, 2020
                       VOLUME 2
******************************************************

      REMOTE ORAL AND VIDEOTAPED DEPOSITION of PEGGY
BARROLL, produced as a witness at the instance of the
Plaintiff State of Texas, and duly sworn, was taken in
the above-styled and numbered cause on August 7, 2020,
from 8:01 a.m. to 3:40 p.m., before Heather L. Garza,
CSR, RPR, in and for the State of Texas, recorded by
machine shorthand, at the offices of HEATHER L. GARZA,
CSR, RPR, The Woodlands, Texas, pursuant to the
Federal Rules of Civil Procedure and the provisions
stated on the record or attached hereto; that the
deposition shall be read and signed.
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1               R E M O T E  A P P E A R A N C E S
2
3 FOR THE PLAINTIFF STATE OF TEXAS:
4     Mr. Stuart L. Somach

    Mr. Robert B. Hoffman
5     SOMACH SIMMONS & DUNN

    500 Capitol Mall, Suite 1000
6     Sacramento, California 95814

    (916) 446-7979
7     ssomach@somachlaw.com

    rhoffman@somachlaw.com
8
9 FOR THE DEFENDANT STATE OF NEW MEXICO:

10     Mr. Jeffrey Wechsler
    MONTGOMERY & ANDREWS

11     325 Paseo De Peralta
    Santa Fe, New Mexico 87501

12     (505) 986-2637
    jwechsler@montand.com

13
14 FOR THE DEFENDANT STATE OF COLORADO:
15     Mr. Chad Wallace

    Mr. Preston V. Hartman
16     COLORADO DEPARTMENT OF LAW

    1300 Broadway, 7th Floor
17     Denver, Colorado 80203

    (720) 508-6281
18     chad.wallace@coag.gov

    preston.hartman@coag.gov
19
20 FOR THE UNITED STATES:
21     Mr. R. Lee Leininger

    U.S. DEPARTMENT OF JUSTICE
22     999 18th Street, Suite 370

    Denver, Colorado 80202
23     (303) 844-1364

    lee.leininger@usdoj.gov
24
25
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1 FOR THE EL PASO COUNTY WATER AND IMPROVEMENT DISTRICT
NO. 1:

2
    Ms. Maria O'Brien

3     MODRALL SPERLING ROEHL HARRIS & SISK, P.A.
    500 Fourth Street N.W.

4     Albuquerque, New Mexico 87103
    (505) 848-1800

5     mobrien@modrall.com
6

FOR THE ELEPHANT BUTTE IRRIGATION DISTRICT:
7

    Ms. Samantha R. Barncastle
8     BARNCASTLE LAW FIRM, LLC

    1100 South Main, Suite 20
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10     samantha@h2o-legal.com
11

FOR THE NEW MEXICO STATE UNIVERSITY:
12

    Mr. John W. Utton
13     UTTON & KERY, P.A.
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16
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19

ALSO PRESENT:
20

     Al Blair
21      Bert Cortez

     Ian Ferguson
22      Shelly Dalrymple

     Susan Barela
23      Estevan Lopez
24
25

TX_MSJ_000946



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 163

1                    EXAMINATION INDEX
2 WITNESS:  PEGGY BARROLL
3 EXAMINATION                                       PAGE

    BY MR. SOMACH                                  164
4     BY MR. LEININGER                               247
5

6  SIGNATURE REQUESTED                               302
7

8  REPORTER'S CERTIFICATION                          303
9

10                      EXHIBIT INDEX
11                                                   PAGE

 PB EXHIBIT NO.11                                  169
12     Supplemental Rebuttal Expert Report of

    Margaret Barroll, Ph.D., dated
13     July 15, 2020
14  PB EXHIBIT NO.12

    Rebuttal Expert Report of Margaret             248
15     Barroll, Ph.D., dated June 15, 2020
16  PB EXHIBIT NO.13                                  262

    June 4, 2020, Technical Memorandum of
17     Dr. A. W. Blair
18  PB EXHIBIT NO.14                                  269

    Transcript of Deposition of Peggy
19     Barroll dated February 6, 2020
20  PB EXHIBIT NO.15                                  275

    June 8, 2020 - Technical Memorandum of
21     Dr. A. W. Blair
22  PB EXHIBIT NO.16                                  288

    New Mexico Universities Working Group on
23     Water Supply Vulnerabilities Final

    Report to the Interim Committee on Water
24     and Natural Resources dated

    August 31, 2015
25

TX_MSJ_000947



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 164

1               THE VIDEOGRAPHER:  The time is 8:01

2 a.m., and we are on the record.

3                     PEGGY BARROLL,

4 having been first duly sworn, testified as follows:

5                  E X A M I N A T I O N

6 BY MR. SOMACH:

7     Q.   Dr. Barroll, we've got to quit meeting like

8 this.  This is -- you know what I was thinking is we

9 should do some kind of an agreement, you stop writing

10 reports, and I will stop deposing you.

11     A.   Okay.

12     Q.   I don't think I've ever deposed a witness

13 over such a long period of time before.  So that's a

14 deal, right?

15     A.   Yeah.  That's a deal.

16     Q.   You'll stop writing reports?

17               MR. SOMACH:  Let's make some

18 appearances.  This is Stuart Somach on behalf of the

19 State of Texas.  I notice that Robert Hoffman from our

20 office is also on the phone.  Jeff, appearances for

21 New Mexico?

22               MR. WECHSLER:  Jeff Wechsler on behalf

23 of the State of New Mexico, and we also have Shelly

24 Dalrymple, Susan Barela, and Estevan Lopez.

25               MR. SOMACH:  Lee, for the United States?
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1 You are muted.

2               MS. O'BRIEN:  You're muted.

3               MR. LEININGER:  Let me try that again.

4 This is Lee Leininger for the United States.  Good

5 morning.  And it looks like I am the only United

6 States representative at this time.  That may change,

7 and I'll -- I'll add the record during the first break

8 if necessary.

9               MS. O'BRIEN:  Lee, I think Ian is

10 actually on.

11               MR. LEININGER:  Okay.  Thank you.  Ian

12 Ferguson joins us from the Bureau of Reclamation.

13               MR. SOMACH:  Chad, for Colorado?

14               MR. WALLACE:  Good morning.  This is

15 Chad Wallace, along with Preston Hartman for Colorado.

16               MR. SOMACH:  And  Maria?

17               MS. O'BRIEN:  This is Maria O'Brien for

18 the El Paso County Water Improvement District No. 1,

19 and Dr. Al Blair.

20               MR. SOMACH:  I'm not sure whether or not

21 that's your phone, Maria.

22               MS. O'BRIEN:  That's not me.  It looks

23 like -- Peggy, do you have another phone?  There's

24 another box that has Peggy Barroll, and that was what

25 was making noise while I was speaking.  You have your

TX_MSJ_000949



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 166

1 picture and then you have a box that also says Peggy

2 Barroll.  That was indicating noise earlier.

3               THE WITNESS:  Yeah, I don't know what

4 that is.

5               MS. O'BRIEN:  Anyway, okay.  It wasn't

6 me.

7               MR. SOMACH:  Anybody else that we

8 haven't -- I'm looking at the list here.  It looks to

9 me like that may -- we may have gotten it, but anybody

10 else?

11                     (No response.)

12               MR. SOMACH:  Okay.  Let's get started.

13 What we've got today is we'll go to about a quarter of

14 9:00.  We have a status conference with the Special

15 Master starting at 9:00, so I talked to both Lee and

16 Jeff, and we thought that stopping at that point was

17 probably good.  I -- I didn't ask this question, and

18 that is how we determine when we want to come back.

19 My thought is we either do one of two things, we give

20 ourselves a half an hour to kind of regroup after the

21 conference or we go ahead and take an early longer

22 break and then just pick up at -- at a certain given

23 time after a lunch break.  So, Jeff or Lee, do you

24 have any thoughts on what you'd like to do there?

25               MR. WECHSLER:  Lee, do you have any
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1     A.   Are you asking about the differences in loss

2 in the Rio Grande versus the reduction in canal

3 seepage versus the increase in drain flows.

4     Q.   Yes.  What -- what you're talking about in

5 terms of -- of this -- this -- this chapter, this

6 section.

7     A.   I don't provide quantification of those

8 individual terms.

9     Q.   Okay.  And I think I -- I may have asked this

10 in terms of the summary, but I'm looking at -- at the

11 next paragraph at the very bottom again where you

12 say, "I provide these results in the form of graphs

13 and tables in which the impact of pumping is

14 calculated as Run 3 minus Run 1 and represents, again,

15 in bold, the change in project allocation and

16 diversions that would result from turning off all New

17 Mexico pumping."  Did I read that correct?

18     A.   I think so.

19     Q.   Correctly?  Is it your conclusion -- and,

20 again, we may have said this as part of the summary,

21 but I just want to make sure I'm understanding it,

22 that the project benefits from turning off New Mexico

23 wells, that -- that 's -- that's a correct statement,

24 isn't it?

25     A.   As I think I said earlier, if there were no
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1 groundwater pumping, the project would have run into

2 serious problems during the periods of low supply and

3 so, therefore, the costs and benefits of pumping, it's

4 not -- not all a one-way street; however, if there

5 were no New Mexico pumping, the -- there would have

6 been more project supply available in certain years.

7     Q.   What -- what you're talking about there is in

8 times of drought when there's low surface water supply

9 that had -- it's a good thing to pump some

10 groundwater; isn't that correct?

11     A.   Yes.

12     Q.   Okay.  That's -- I think it's been referred

13 to as far as a conjunctive use program where, when you

14 have less surface water supply, you pump groundwater;

15 is that right?

16     A.   Yes.

17     Q.   Okay.  And the assumption is that -- that you

18 keep your pumping of surface water during those

19 drought periods to a level that the groundwater basin

20 will sustain itself; is that correct?

21     A.   Well, historically, in the New Mexico part of

22 the project, groundwater levels have recovered

23 following periods of low supply periods in which a lot

24 of groundwater pumping has occurred.  So up until

25 about 2000/2005, that was the situation in the New
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1 Mexico part of the project.

2     Q.   And then I think you also had indicated

3 previously that thereafter, the groundwater basin was

4 mined, which by using that word, I -- I suspect you're

5 saying it hasn't been recovered or it -- it can't

6 recover itself?

7     A.   That's right.

8     Q.   Okay.  We -- that -- your focus then is the

9 cause of that is the operating agreement; is that

10 correct?

11     A.   Yes.

12     Q.   Is it 100 percent of the cause or -- or is it

13 a factor?

14     A.   I'd say it's the dominant factor.  I mean, a

15 groundwater level decline happens because of drought.

16 The failure to recover happens because of the

17 operating agreement.

18     Q.   If you can take a look at your Figure 1,

19 that's a -- a graphic look at the -- the difference

20 between Run 1 and 3; is that correct?

21     A.   That's correct.

22     Q.   And what -- what is that -- take me

23 through -- through what -- and let's start out with --

24 you have two graphs there.  One is an EBID graph, and

25 the other is an EPCWID graph -- graph.  What do we
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1 see -- what are you showing there?  What is the intent

2 in that?

3     A.   So I'm showing the difference -- or I'm

4 plotting out model results from the time period 1980

5 to 2020 -- or 2017 is when the model runs end.  The

6 open circles are Run 3 -- the open symbols are Run 3.

7 The closed squares are Run 1.  Run 1 is the base run

8 so that is historical practices are occurring.  Run 3

9 is the no New Mexico pumping run, so that is the

10 equivalent historical run that if you just turned off

11 all of New Mexico pumping and return flows associated

12 with that pumping.  And so we see that these plots are

13 both current-year allocations so I'm not including

14 consideration of carryover in this.  And we see that

15 New Mexico's current-year allocation would have been

16 higher without New Mexico -- with no New Mexico

17 pumping, and the same is true, to a lesser extent, for

18 EP No. 1.

19     Q.   So the real beneficiary based on these charts

20 of no groundwater pumping in New Mexico is New Mexico;

21 is that correct?

22     A.   Yeah.  That's especially true once the

23 operating agreement kicks in, because the effect of

24 the diversion ratio amplifies the impact of New Mexico

25 pumping and then, of course, since New Mexico's
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1 allocation has been reduced, they pump more, and then

2 that reduces the diversion ratio more.

3     Q.   On the bottom of the second paragraph on Page

4 4, you're talking about, "In general, turning off

5 pumping during the full supply years reduces the

6 releases from Caballo necessary to meet demands."  In

7 that last sentence, you say, "In effect, during

8 full-supply conditions, reductions in groundwater

9 pumping that impact Project efficiency cause

10 accretions to reservoir storage."  When you say --

11 well, explain to me your use of the word accretions

12 there.

13     A.   It means that since the reservoir had to

14 release less water to supply demands, there was

15 additional water left in the reservoir each year that

16 this occurred and so the project supply increased

17 relative to the base case year by year during full

18 supply periods until a spill occurs or a low supply

19 year happened.

20     Q.   And, of course, if a spill occurs, it just --

21 it gets spilled, it gets lost no matter what you

22 intend to do, but in large supply years, it's

23 minimized; is that correct?

24     A.   That's correct.

25     Q.   Okay.  Now, if we take a look at Page 5,
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1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3

4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10

THE STATE OF TEXAS :
11 COUNTY  OF  HARRIS :
12     I, HEATHER L. GARZA, a Certified Shorthand
13 Reporter in and for the State of Texas, do hereby
14 certify that the facts as stated by me in the caption
15 hereto are true; that the above and foregoing answers
16 of the witness, PEGGY BARROLL, to the interrogatories
17 as indicated were made before me by the said witness
18 after being first remotely duly sworn to testify the
19 truth, and same were reduced to typewriting under my
20 direction; that the above and foregoing deposition as
21 set forth in typewriting is a full, true, and correct
22 transcript of the proceedings had at the time of
23 taking of said deposition.
24          I further certify that I am not, in any
25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6          That the amount of time used by each party at
7 the deposition is as follows:
8          MR. SOMACH - 02:27:02

         MR. WECHSLER - 00:00:00
9          MR. LEININGER - 01:39:53

         MR. WALLACE - 00:00:00
10          MS. O'BRIEN - 00:00:00

         MS. BARNCASTLE - 00:00:00
11

12          GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
this, the 2nd day of September, 2020.

13

14

                    _____________________________
15                     HEATHER L. GARZA, CSR, RPR, CRR

                    Certification No.:  8262
16                     Expiration Date:  04-30-22
17

Worldwide Court Reporters, Inc.
18 Firm Registration No. 223

3000 Weslayan, Suite 235
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         IN THE SUPREME COURT OF THE UNITED STATES
          BEFORE THE OFFICE OF THE SPECIAL MASTER
                  HON. MICHAEL J. MELLOY

 STATE OF TEXAS            )
                           )
         Plaintiff,        )
                           )     Original Action Case
 VS.                       )     No. 220141
                           )     (Original 141)
 STATE OF NEW MEXICO,      )
 and STATE OF COLORADO,    )
                           )
         Defendants.       )

******************************************************
       REMOTE ORAL AND VIDEOTAPED DEPOSITION OF
                     PEGGY BARROLL
                   OCTOBER 21, 2020
******************************************************

      REMOTE ORAL AND VIDEOTAPED DEPOSITION of PEGGY
BARROLL, produced as a witness at the instance of the
United States, and duly sworn, was taken in the
above-styled and numbered cause on October 21, 2020,
from 1:02 p.m. to 3:29 p.m, before Heather L. Garza,
CSR, RPR, in and for the State of Texas, recorded by
machine shorthand, at the offices of HEATHER L. GARZA,
CSR, RPR, The Woodlands, Texas, pursuant to the
Federal Rules of Civil Procedure and the provisions
stated on the record or attached hereto; that the
deposition shall be read and signed.
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1               THE VIDEOGRAPHER:  The time is 1:02 p.m.

2 We're on the record.

3               (The witness was sworn.)

4               MR. DUBOIS:  Why don't we do

5 appearances.  For the United States, I am James

6 Dubois.  I am one of the attorneys for the United

7 States, and Jennifer Najjar, Shelly Randel, and I

8 think eventually Mr. Leininger -- yes, Lee Leininger

9 also on for the United States, and I think that is --

10 oh, and Bert Cortez and Ian Ferguson.  That's it.  So

11 New Mexico?

12               MR. WECHSLER:  Jeff Wechsler for the

13 State of New Mexico.  We also have Lisa Thompson,

14 Susan Barela, Arianne Singer, Greg Ridgley, John

15 D'Antonio, and Shelly Dalrymple.

16               MR. DUBOIS:  For Texas?

17               MS. KLAHN:  Sarah Klahn for the State of

18 Texas, and I'm joined by Stuart Somach.

19               MR. DUBOIS:  Colorado?

20               MR. HARTMAN:  Preston Hartman for

21 Colorado.

22               MR. DUBOIS:  Let's go to the amici.  Is

23 anyone on for EB -- EPCWID?  Renea?

24               MR. HICKS:  Hold on.  I'm here.  I

25 didn't know Maria wasn't on.
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1               MR. DUBOIS:  I don't see her.

2               MR. HICKS:  Okay.  She just skipped out

3 on me then.  I'm here.

4               MR. DUBOIS:  Is anybody else on?

5               MS. COLEMAN:  Judy Coleman is on for the

6 United States.

7               MR. DUBOIS:  Thank you, Judy.  Renea,

8 also, Al Blair is on.

9               For EBID?

10               MS. BARNCASTLE:  Yes.  This is Samantha

11 Barncastle for the Elephant Butte Irrigation District,

12 and I'm joined by Dr. Erek Fuchs.

13               MR. DUBOIS:  Okay.  Let me see who else.

14 I'm just sort of scanning through and seeing who's on.

15 Is NMSU on?

16                    (No response.)

17               MR. DUBOIS:  No.  City of El Paso?

18               MR. CAROOM:  Doug Caroom for the City of

19 El Paso.

20               MR. DUBOIS:  And are there any other

21 representatives on for any of the other amici?

22                    (No response.)

23               MR. DUBOIS:  Okay.  I don't see any.

24

25
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1                     PEGGY BARROLL,

2 having been first duly sworn, testified as follows:

3                 E X A M I N A T I O N

4 BY MR. DUBOIS:

5     Q.   All right.  Can you state your name for the

6 record, please, Dr. Barroll?

7     A.   Margaret Barroll.

8     Q.   All right.  Now, you've been deposed in this

9 proceeding before once or twice or three times or

10 possibly more so you know the basic ground rules, but

11 I'll go over them anyway.  You're under oath as if you

12 were in a court of law.  We will try not to talk over

13 each other.  Let me finish my questions, and I will

14 try to let you -- to not interrupt your answers.  If

15 you don't understand one of my questions, please let

16 me know, and I will try to rephrase it.  Otherwise,

17 I'll assume you understand the question.  Your other

18 communication devices such as e-mail and texts should

19 be off, and I think that's about it.

20          You've been identified as a 30(b)(6) witness

21 on behalf of New Mexico with respect to limited

22 topics; is that right?

23     A.   That's right.

24     Q.   Okay.

25               MR. DUBOIS:  Kayla, will you pull up the

TX_MSJ_000968
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1 -- the notice of -- of deposition?

2               (Exhibit No. 1 was marked.)

3     Q.   (BY MR. DUBOIS)  And, Dr. Barroll, you should

4 have control of that.  Have you seen this document

5 before, Dr. Barroll?

6     A.   Yeah.  I've --

7     Q.   Okay.

8     A.   -- at least seen the one from September,

9 which I think is the same.

10               MR. WECHSLER:  Jim, sorry to interrupt.

11 I would suggest making that exhibit sticker PB as in

12 boy instead of G as in go cart.

13               MR. DUBOIS:  Oh.  Thank you for catching

14 that.

15               MR. WECHSLER:  Peggy, if you go all the

16 way to the top --

17               MR. DUBOIS:  Yes, please make that a PB,

18 not a PG.

19               THE VIDEOGRAPHER:  Sorry.  We're

20 fighting over it right now.  Peggy, hang on one

21 second, and I'll change it.

22               THE WITNESS:  Thanks.

23     Q.   (BY MR. DUBOIS)  And, Dr. Barroll, if you'll

24 go down to Pages -- I guess it would be on Page 13 for

25 purposes of -- of your topics.
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1     A.   That's right.

2     Q.   And my understanding is that you've been

3 identified to -- to testify regarding Topic C?

4     A.   That's correct.

5     Q.   And the first bullet in Topic D; is that

6 correct?

7     A.   Yes.

8     Q.   Okay.  Now, are there any other topics that

9 you've been prepared -- that you're prepared or

10 authorized to respond to for purposes of the 30(b)(6)?

11     A.   No, I don't think that I'm authorized to

12 respond on any other topics.

13     Q.   All right.  And do you understand that you're

14 testifying as if you are the voice of the State of New

15 Mexico for purposes of this deposition so you're

16 testifying as to the positions of the State and those

17 positions will be binding on the State; do you

18 understand that?

19     A.   Yes, I do.

20     Q.   Okay.  And you also testified as an

21 independent consultant in this case, but you're here

22 today -- are you here today as an independent

23 consultant or are you just speaking on behalf of the

24 State of New Mexico?

25     A.   I'm speaking on behalf of the State of New

TX_MSJ_000970
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1 Mexico.

2     Q.   Okay.  And should we understand that the --

3 well, let me rephrase that.

4          Does -- does your role as a 30(b)(6) deponent

5 today change any of the responses that you gave at

6 your -- your prior depositions as an expert witness in

7 this case?

8     A.   No, it does not.

9     Q.   Okay.  So should we understand the opinions

10 you gave as an independent consultant are also the

11 views of the State of New Mexico?

12               MR. WECHSLER:  Well, I'll just object to

13 form.  Yeah, to the extent that they are on the same

14 subject, Jim, I mean, there was a lot of subjects she

15 covered in her deposition, and I don't know that they

16 overlap with her designations.

17               MR. DUBOIS:  Fair enough.  Fair enough.

18     Q.   (BY MR. DUBOIS)  What did you do to prepare

19 for the deposition today?

20     A.   I reviewed a number of documents and I talked

21 with the District 4 staff and I talked with counsel

22 and some of the state engineer office lawyers.

23     Q.   Did you review any depositions in preparing

24 for today's deposition?

25     A.   Yes, I did.  I --

TX_MSJ_000971
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1     Q.   Any deposition transcripts.  I'm sorry.

2     A.   Yes.  I reviewed Ryan Serrano's deposition,

3 Cheryl Thacker's deposition, and Estevan Lopez's

4 30(b)(6) deposition.

5     Q.   Okay.  And who did you meet with from the

6 state -- from the state engineer's office?

7     A.   Ryan Serrano.

8     Q.   Okay.  And what kind of documents -- oh, I'm

9 sorry.  Go ahead.

10     A.   And also Dave Hotstef [phonetic] from

11 Hydrographic Survey.

12     Q.   Okay.  And which counsel did you meet with?

13     A.   Shelly Dalrymple and Jeff Wechsler.

14     Q.   Okay.  And you said you -- you reviewed a lot

15 of -- a number of documents.  Can you tell me what

16 kind of documents you reviewed?

17     A.   The AWRM statute and a few related statutes,

18 the AWRM general statewide rules, the water master

19 order -- metering order, and a few other associated

20 administrative documents associated with the Lower Rio

21 Grande like the Mesilla guidelines and domestic well

22 order, 101 Settlement.

23     Q.   Have the AWRM regulations for the Lower Rio

24 Grande been adopted?

25     A.   There have not been district-specific
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1 regulations for the Lower Rio Grande that have been

2 adopted.  There is statewide framework rules and

3 regulations which have been adopted and were succeeded

4 in the constitution in the New Mexico Supreme Court.

5     Q.   How are those statewide regulations applied

6 in the Lower Rio Grande?

7     A.   They were applied in that they help frame the

8 role of the water master in the Lower Rio Grande.  It

9 was kind of almost simultaneously with these framework

10 rules that we appointed the water master, but the

11 water master of the Lower Rio Grande is in accordance

12 with the framework rules on the metering order for the

13 Lower Rio Grande, again, is in accordance with the

14 framework rules, and I think the framework rules do

15 inform the activities of the water master, which are

16 ongoing.

17     Q.   Under the Rio Grande Compact, what obligation

18 does the state of New Mexico have with respect to

19 administration of water rights downstream from

20 Elephant Butte Reservoir?

21     A.   My understanding from -- especially from

22 listening to Estevan Lopez and rereading his

23 deposition, that New Mexico's Compact responsibilities

24 below Elephant Butte involve one cooperating with

25 Reclamation and the Project in the effectuation of the
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1               MR. WECHSLER:  Object to form.

2     A.   Let's -- those water rights that were

3 existence and being exercised prior to 1980 do not

4 have any offset requirements, and the state engineer

5 does enforce against over diversion of those water

6 rights.  There may be other areas of enforcement that

7 occur as to drilling new wells, transfers.  I mean,

8 there is administration of those water rights.  I

9 think the statement that there's no enforcement of --

10 of those water rights might be a little broad, and

11 then furthermore, if necessary, the state engineer can

12 administer water rights in priority to curtail water

13 rights in priority, if necessary.

14     Q.   (BY MR. DUBOIS)  Has that ever been done in

15 the Lower Rio Grande?

16     A.   There certainly has not been any curtailment

17 of groundwater rights in priority in the Lower Rio

18 Grande.

19     Q.   Prior to the adjudication of water rights in

20 the Lower Rio Grande, did the state engineer have

21 authority to administer a priority call?

22               MR. WECHSLER:  Object to form;

23 foundation.

24     A.   This might be getting into a legal issue.  I

25 believe that in the tri-state decision, the New Mexico
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1 Supreme Court may have decided that the --

2     Q.   (BY MR. DUBOIS)  That was in, what, two

3 thousand -- that was in 2012?

4     A.   2003.

5     Q.   Okay.

6     A.   Oh, the decision was in 2012.  It's -- I

7 mean, the question did -- did the AWRM statute give

8 the state engineer the authority to administrative

9 priority prior to an adjudication being completed or

10 did the state already have that -- state engineer

11 already have that authority under the constitution,

12 and the statute just made it more clear that the state

13 engineer has the authority and the state engineer

14 instructions to get at it to begin the process as

15 necessary to do that.  I think the State's position is

16 that the state engineer, under the constitution and

17 statute, has always had the authority to administer in

18 priority.

19     Q.   And how would you determine administer in

20 priority should not have adjudication?

21     A.   Yeah.  That is -- to address that issue is

22 part of what the AWRM statute and framework --

23 framework rules were written to address and in the --

24 the general framework rules, there's a section on how

25 that determination would be made based on the best
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1 available information starting with adjudications and

2 -- and going on down the list.  But prior to the AWRM

3 statute and the regs, again, I think it is the

4 position of the State of New Mexico that the

5 constitution gives the State to administer -- the

6 state engineer the authority to administer in

7 priority, and the state engineer would have indeed

8 used the best information available to him to perform

9 that administration.

10     Q.   Does the State of New Mexico have any

11 policies or administrative practices in place to

12 ensure that non-project water rights in the Rio Grande

13 basin below Elephant -- in New Mexico below Elephant

14 Butte do not reduce or diminish the surface water

15 supply available to EBID?

16               MR. WECHSLER:  Object to form.

17     A.   The State of New Mexico has policies and

18 administrative practices in place to manage

19 non-project water rights in the Rio Grande basin below

20 Elephant Butte.  The purpose of that administration is

21 to protect senior water rights and the Rio Grande

22 Project.

23     Q.   (BY MR. DUBOIS)  Have those policies or

24 administrative practices ever been applied or enforced

25 to prevent reduction or diminishment of the surface
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1 water supply to the project?

2               MR. WECHSLER:  Object to form.

3     A.   There has been no priority administration

4 applied in the Lower Rio Grande to curtail water

5 rights that might impact the Rio Grande Project, but

6 there is, again, no -- New Mexico did not have an

7 obligation to prevent all depletions.  New Mexico has

8 a right -- water users in the state of New Mexico have

9 a right to deplete water.

10     Q.   (BY MR. DUBOIS)  Did they have a right under

11 state law to take water away from the project?

12               MR. WECHSLER:  Object to form.

13     A.   Water users are -- water users in New Mexico

14 cannot divert water that they're not entitled to and

15 so that water users who do not have legal authority

16 cannot divert surface water away from the Rio Grande

17 project if groundwater use is impacting the Rio Grande

18 project, then it would be necessary to, I believe, New

19 Mexico would have to -- sorry.  Groundwater use

20 depleting the project were alleged, it would have to

21 be investigated and demonstrated.  Groundwater

22 depletions negatively impacting the project

23 demonstrated the New Mexico remedied the priority

24 administration, but this has not occurred.

25     Q.   (BY MR. DUBOIS)  There hasn't been any
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1 investigation that demonstrates that groundwater

2 pumping in New Mexico depletes the flows of the Rio

3 Grande?

4               MR. WECHSLER:  Object to form.

5     A.   Which investigate and quantify, simulate the

6 impact of groundwater pumping on surface water flows.

7     Q.   (BY MR. DUBOIS)  I think -- I think you and

8 Jeff spoke at the same time, and I think the response,

9 looking at the transcript, missed the first part of

10 your answer.

11     A.   There have been investigations in New Mexico

12 which quantity, investigate, simulate the impact of

13 groundwater pumping on surface water flows.  In fact,

14 some of those investigations have been done as part of

15 this litigation by New Mexico experts.

16     Q.   Okay.

17     A.   And then simulations of the sort was involved

18 in development of the groundwater model used for

19 administration of groundwater rights in the Lower Rio

20 Grande.

21     Q.   And I think that you just said that if those

22 investigations demonstrated groundwater depletions

23 negatively impacting the project, that the -- that New

24 Mexico would be required to apply priority

25 administration; is that my understanding?
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1               MR. WECHSLER:  Object to form.

2     A.   I -- I don't think that's what I said.  I

3 said if --

4     Q.   (BY MR. DUBOIS)  Okay.

5     A.   -- negative impacts were alleged, and by

6 this, I mean through, say, a priority call or other

7 official complaint alleged and then investigation

8 demonstrated, in fact, that this indeed was a problem,

9 that the depletions occurring from groundwater pump --

10 pumping were impairing the project, then New Mexico's

11 remedy would be priority administration.

12     Q.   And does New Mexico have any obligations

13 under the Compact to assure that its non-project water

14 rights don't deplete the project water supply?

15               MR. WECHSLER:  Object to form.

16     A.   So I -- I guess I base my answer on the

17 opinions that Mr. Lopez prefer -- proffered and that

18 that might be the case and that it's -- so, again, New

19 Mexico is obligated to work in good faith with the

20 Compacting states, with the U.S., with the project

21 resolve issues that are brought to it -- that are

22 brought to New Mexico about the actions -- about the

23 actions of New Mexico water users or the hydrologic

24 conditions within New Mexico.

25     Q.   (BY MR. DUBOIS)  I'm trying to avoid
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1 scheme for administering water rights?

2               MR. WECHSLER:  Object to form.

3     A.   Yes.  I believe that it would be possible for

4 another group of water users to organize and come up

5 with an alternative administration scheme, which if

6 acceptable to the state engineer, could be approved as

7 alternative administration.

8     Q.   (BY MS. KLAHN)  Would that be under the AWRM

9 statute?

10     A.   Yeah.  Yes, it would.

11     Q.   And that was an effort that was begun maybe

12 ten years ago or 15 years ago, not long after the AWRM

13 statute was adopted down in the Lower Rio Grande,

14 right?

15     A.   What do you mean, what -- what effort?

16     Q.   That wasn't a very com -- understandable

17 question.  I apologize.  I'm remembering a PowerPoint

18 that you did for the Lower Rio Grande water users

19 group from 2006 about 15 years ago was when the state

20 was looking at adopting local AWRM regulations; is

21 that correct?

22     A.   That's correct.  So you're right.  Shortly

23 after the passage of the AWRM statute and -- and the

24 promulgation of the AWRM general framework regs, we

25 did do a push to try and get district-specific rules
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1 in place in the Lower Rio Grande but that did not come

2 to fruition.

3               MS. KLAHN:  Kayla, I e-mailed you an --

4 an exhibit that was marked in the Thacker deposition.

5 Could you pull that up.

6               THE VIDEOGRAPHER:  Okay.  It's pulled

7 up.  I'm just going to mark it now.

8               MS. KLAHN:  Thank you.

9               (Exhibit No. 4 was marked.)

10               MS. KLAHN:  So this is going to be

11 Barroll 3 -- 4, right?

12               THE WITNESS:  4.

13     Q.   (BY MS. KLAHN)  Could you turn in this

14 document back to -- the document is Bates numbered,

15 and it -- you're welcome to take a look at it.  It's a

16 packet of material we received from New Mexico in

17 discovery.  It's Bates numbered, and it starts out

18 with while metering requirements.  But if you go back

19 to New Mexico No. 210807, there's objectives -- list

20 of objectives.  I don't know if you can hear my dogs.

21 I apologize.  They're keeping us safe from the

22 mailman.

23     A.   807.  Okay.  Let me see if I can rotate this

24 sucker.  I rotated it.  Okay.  So Objectives for Lower

25 Rio Grande District-Specific Regulations.
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1     Q.   So I want to draw your attention to Letter H.

2 We've talked a lot today about administration and how

3 it works with the Compact and -- Letter H on 210807

4 says that one of the objectives for Lower Rio Grande

5 District-Specific Regulations is to establish a system

6 for administration as required to meet downstream

7 interstate delivery entitlements.

8     A.   Yes.

9     Q.   Do you have an understanding what that

10 objective was aiming for?

11     A.   My recollection is that at this time, I'm

12 uncertain as to whether there was a down -- any

13 Compact constraints or requirements below Elephant

14 Butte due to the language of the Compact being silent

15 or -- or, rather, at least not specifying -- sorry --

16 not specifying delivery targets below Elephant Butte.

17 So -- but we thought that that was possible to occur

18 and also thought, I think at the time we were trying

19 to be proactive, and we were trying to estimate what a

20 reasonable downstream delivery would be based on the

21 knowledge we had at the time and come up with an

22 administrative scheme that would allow us to try and

23 meet that.

24     Q.   If the -- are you familiar with the draft

25 district-specific regulations, what the concept was
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1 behind them?

2     A.   Yes.

3     Q.   Was it to drill groundwater wells within a

4 certain distance from the river?

5     A.   In those rules, we did have -- we did

6 introduce a new administration scheme or propose a new

7 administration scheme, supply administration, and I

8 believe that was for a short-term temporary

9 curtailment of wells that were close to the river.

10     Q.   And what --

11     A.   In order to support the Rio Grande Project.

12     Q.   And what was the reason for that approximate

13 -- or for that distance from the river for making them

14 based on the distance from the river?

15     A.   Because wells that are a significant distance

16 from the river would not provide any effect on the

17 river within the short periods of time we were

18 thinking about the temporary administration.

19     Q.   But the wells that are distant from the river

20 are still depleting the river, just taking longer for

21 the effect to hit the river, right?

22     A.   Yes.  This was a short-term administration

23 and, therefore, we were focused on wells that would

24 give a short-term response to the river.

25     Q.   Was there any talk of curtailing or maybe not
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1 entirely curtailing, but some curtailment of municipal

2 and irrigation wells -- I'm sorry -- municipal and

3 industrial wells?

4     A.   Yes.

5     Q.   For the City of Las Cruces?

6     A.   I believe that some of their wells would have

7 fallen within that zone near the river for supply

8 administration and then, of course, the AWRM framework

9 rules also provide for depletion limit administration

10 and there was no restrictions on distance from the

11 river that were considered for the application

12 depletion limit administration.

13     Q.   There was quite a bit of discussion at the

14 beginning of your deposition about the New Mexico

15 administration policies -- administrative policies to

16 avoid depleting EBID's surface water from what

17 Mr. Dubois was terming as non-project water rights.

18 Do you recall that?

19     A.   Yes.

20     Q.   Would you consider EBID farmers holding

21 groundwater rights to have non-project groundwater

22 rights?

23               MR. WECHSLER:  Object to form.

24     A.   Well, in that discussion, I assumed that

25 Mr. Dubois regarded EBID farmer pumping as not being
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1 included in the non-project groundwater rights.

2     Q.   (BY MS. KLAHN)  I know.  I'm -- that's --

3 okay.  That's fine, but that's not what I was asking.

4 I was just asking the question what do you consider

5 non-project water rights in the Lower Rio Grande?

6     A.   Well --

7               MR. WECHSLER:  Form.

8     A.   Yeah.  It's -- I mean, the project itself

9 doesn't have groundwater rights, but I regard the EBID

10 farmers that are pumping wells as part of a combined

11 right with an EBID surface water right, I would

12 consider that as in the -- in the broader sense within

13 the universe of -- of project-related water rights.  I

14 wouldn't consider them in the category of non-project

15 water rights.

16     Q.   (BY MS. KLAHN)  So in terms of New Mexico's

17 views on administering the Lower Rio Grande, you don't

18 consider curtailment of the EBID farmers as a means to

19 avoid depletions to the Rio Grande?

20               MR. WECHSLER:  Object to form.

21     A.   Well, I do not think that EBID farm pumpers

22 would be exempt from priority administration.

23     Q.   (BY MS. KLAHN)  Is conjunctive use one of the

24 policies that the State of New Mexico relies on in the

25 Lower Rio Grande?
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1        S I G N A T U R E   O F   W I T N E S S

2

3     I, PEGGY BARROLL, solemnly swear or affirm under

4 the pains and penalties of perjury that the foregoing

5 pages contain a true and correct transcript of the

6 testimony given by me at the time and place stated

7 with the corrections, if any, and the reasons therefor

8 noted on the foregoing correction page(s).

9

10

              _______________________________

11               PEGGY BARROLL

12

13

14

15

16 Job No. 65834

17

18

19

20

21

22

23

24

25
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1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3

4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10

THE STATE OF TEXAS :
11 COUNTY  OF  HARRIS :
12     I, HEATHER L. GARZA, a Certified Shorthand
13 Reporter in and for the State of Texas, do hereby
14 certify that the facts as stated by me in the caption
15 hereto are true; that the above and foregoing answers
16 of the witness, PEGGY BARROLL, to the interrogatories
17 as indicated were made before me by the said witness
18 after being first duly sworn to testify the truth, and
19 same were reduced to typewriting under my direction;
20 that the above and foregoing deposition as set forth
21 in typewriting is a full, true, and correct transcript
22 of the proceedings had at the time of taking of said
23 deposition.
24          I further certify that I am not, in any
25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6          That the amount of time used by each party at
7 the deposition is as follows:
8          MR. DUBOIS - 01:16:41

         MR. WECHSLER - 00:00:00
9          MS. KLAHN - 00:45:07

         MR. HARTMAN - 00:00:00
10          MR. HICKS - 00:11:48

         MS. BARNCASTLE - 00:00:00
11

12

         GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
13 this, the 31st day of October, 2020.
14

15                     _____________________________
                    HEATHER L. GARZA, CSR, RPR, CRR

16                     Certification No.:  8262
                    Expiration Date:  04-30-22

17

18 Worldwide Court Reporters, Inc.
Firm Registration No. 223

19 3000 Weslayan, Suite 235
Houston, TX 77027

20 800-745-1101
21

22

23

24

25
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      IN THE SUPREME COURT OF THE UNITED STATES

       BEFORE THE OFFICE OF THE SPECIAL MASTER

               HON. MICHAEL J. MELLOY

STATE OF TEXAS,              §

                             §

           Plaintiff,        §

                             §

vs.                          § ORIGINAL ACTION

                             § CASE NO.: 220141

STATE OF NEW MEXICO,         § (ORIGINAL 141)

and STATE OF COLORADO,       §

                             §

           Defendants.       §

     *******************************************

        REMOTE VIDEOCONFERENCED DEPOSITION OF

                   GARY ESSLINGER

                   AUGUST 18, 2020

     *******************************************

Job No. 63595
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1            REMOTE VIDEOCONFERENCED DEPOSITION OF

2 GARY ESSLINGER, produced as a witness at the

3 instance of Defendant State of New Mexico, and

4 remotely duly sworn by agreement of all counsel, was

5 taken in the above-styled and numbered cause on

6 August 18, 2020, from 9:02 a.m. to 3:16 p.m. before

7 Karen L. D. Schoeve, RDR, CRR, reported remotely by

8 computerized machine shorthand, pursuant to Section

9 5.4 of Appendix C of the September 6, 2018 Case

10 Management Plan, as amended (CMP) and the provisions

11 stated on the record or attached hereto; that the

12 deposition shall be read and signed.

13            This deposition is being conducted

14 remotely regarding the COVID-19 State of Disaster

15 status of the world.

16            REPORTER'S NOTE:  All exhibits presented

17 to the court reporter prior to the deposition were

18 not used; only the referenced exhibit numbers were

19 used during the deposition.

20            Please note that due to the quality of a

21 Zoom videoconference and transmission of data and

22 overspeaking causes audio distortion which disrupts

23 the process of preparing a videoconference transcript.

24            Quotation marks are used for clarity and

25 do not necessarily reflect a direct quote.
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1          R E M O T E  A P P E A R A N C E S
2
3 FOR THE STATE OF TEXAS:
4     Ms. Sarah A. Klahn

    SOMACH SIMMONS & DUNN
5     2033 11th Street, Suite 5

    Boulder, Colorado 80302
6     (303) 449-2834

    sklahn@somachlaw.com
7
8 FOR THE STATE OF NEW MEXICO:
9     Mr. Jeffrey Wechsler

    MONTGOMERY & ANDREWS
10     325 Paseo De Peralta

    Santa Fe, New Mexico 87501
11     (505) 986-2637

    jwechsler@montand.com
12

    -and-
13

    Mr. Luis Robles
14     ROBLES, RAEL & ANAYA, P.C.

    500 Marquette Avenue NW, Suite 700
15     Albuquerque, New Mexico 87102

    (505) 242-2228
16     luis@roblesrael.com
17

FOR THE STATE OF COLORADO:
18

    Mr. Chad Wallace
19     COLORADO DEPARTMENT OF LAW

    1300 Broadway, 7th Floor
20     Denver, Colorado 80203

    (720) 508-6281
21     chad.wallace@coag.gov
22
23
24
25
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1 FOR THE UNITED STATES:
2     Mr. R. Lee Leininger

    U.S. DEPARTMENT OF JUSTICE
3     999 18th Street, Suite 370

    Denver, Colorado 80202
4     (303) 844-1375

    lee.leininger@usdoj.gov
5

    -and-
6

    Mr. John P. Tustin
7     U.S. DEPARTMENT OF JUSTICE

    Post Office Box 7611
8     Washington, DC 20044

    (202) 305-3022
9     john.tustin@usdoj.gov

10     -and-
11     Ms. Shelly Randel

    U.S. DEPARTMENT OF THE INTERIOR
12     1849 C Street NW

    Washington, DC 20240
13     (202) 208-5432

    shelly.randel@sol.doi.gov
14

    -and-
15

    Mr. Christopher B. Rich
16     U.S. DEPARTMENT OF THE INTERIOR

    125 South State Street, Suite 6201
17     Salt Lake City, Utah 84138

    (801) 524-5677
18
19

FOR THE EL PASO COUNTY WATER AND IMPROVEMENT
20 DISTRICT NO. 1:
21     Ms. Maria O'Brien

    MODRALL SPERLING ROEHL HARRIS & SISK, P.A.
22     500 Fourth Street N.W.

    Albuquerque, New Mexico 87103
23     (505) 848-1800

    mobrien@modrall.com
24
25
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1 FOR THE ELEPHANT BUTTE IRRIGATION DISTRICT:
2     Ms. Samantha R. Barncastle

    BARNCASTLE LAW FIRM, LLC
3     1100 South Main, Suite 20

    Las Cruces, New Mexico 88005
4     (575) 636-2377

    samantha@h2o-legal.com
5
6

FOR THE ALBUQUERQUE BERNALILLO COUNTY WATER UTILITY
7 AUTHORITY AND THE CITY OF LAS CRUCES:
8     Mr. James C. Brockmann

    STEIN & BROCKMANN, P.A.
9     Post Office Box 2067

    Santa Fe, New Mexico 87504
10     (505) 983-3880

    jcbrockmann@newmexicowaterlaw.com
11
12

FOR THE NEW MEXICO PECAN GROWERS:
13

    Ms. Tessa T. Davidson
14     DAVIDSON LAW FIRM, LLC

    4206 Corrales Road
15     Post Office Box 2240

    Corrales, New Mexico 87048
16     (505) 792-3636

    ttd@tessadavidson.com
17
18

FOR THE NEW MEXICO STATE UNIVERSITY:
19

    Mr. John W. Utton
20     UTTON & KERY, P.A.

    Post Office Box 2386
21     Santa Fe, New Mexico 87504

    (505) 699-1445
22     john@uttonkery.com
23
24
25
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1 ALSO PRESENT:

2     Phil King

    Erek Fuchs

3     Al Blair

    Ryan Serrano

4     Shelly Dalrymple

    Peggy Barroll

5     Susan Barela

6     Jordan Brown, Videographer

7

8 THE COURT REPORTER:

9     Karen L. D. Schoeve

    Certified Realtime Reporter

10     Registered Diplomate Reporter

    Realtime Systems Administrator

11
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1                     EXHIBIT INDEX
2

3 NO.             DESCRIPTION                     PAGE
4 Exhibit GE-06                                    18
5 Motion of Elephant Butte Irrigation District

for Leave to Intervene, and Memorandum of
6 Points and Authorities

(52 pages)
7

8 Exhibit GE-17                                    21
9 New Mexico Office of the State Engineer,

Emergency Application for Permit to Use
10 Supplemental Wells to Supplement Ground or

Surface Waters, dated 03/03/04
11 Bates stamped EBID141916 - 142007
12 Exhibit GE-18                                    29
13 State of New Mexico Emergency Authorization,

dated 08/05/03
14 From John R. D'Antonio

Bates stamped EBID141842 - 141851
15

16 Exhibit GE-19                                    30
17 Historical Abstract Regarding Elephant Butte

Irrigation District's Conjunctive Management,
18 dated 03/10/08

Bates stamped NM_00300464 - 300665
19

20 Exhibit GE-20                                    46
21 Conjunctive Management of Surface Water and

Groundwater in EBID presentation, dated
22 07/11/08

(10 pages)
23

24

25
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1 Exhibit GE-22                                    51
2 Elephant Butte Irrigation District Policy

2012-GW1
3 (2 pages)
4 Exhibit GE-23                                    55
5 Website screenshot of EBID Surface Water

Delivery System Operations
6 (1 page)
7 Exhibit GE-24                                    69
8 Elephant Butte Irrigation District letter

dated 06/16/06 to Jesus Reyes from Gary
9 Esslinger

Subject: Operational Issues
10 Bates stamped US0237833 - 237835
11 Exhibit GE-25                                    71
12 Website Screenshot of SNOTEL - Wolf Creek

Summit (874) Daily Snow Pack Graph
13 (2 pages)
14 Exhibit GE-26                                    75
15 Aerial Photograph from Ditchrider Mobile Map

(1 page)
16

17 Exhibit GE-27                                    78
18 EBID Canals and Drains Map

(1 page)
19

20 Exhibit GE-29                                    80
21 Water Politics in the Local Area by Gary

Esslinger
22 Bates stamped EBID153792 - 153802

Bates stamped EBID_NM_001393-0001 - 11
23

24 Exhibit GE-30                                    85
25 EBID Irrigation Information
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1 Exhibit GE-31                                    88
A Coordinated Well Meter Program in the Lower

2 Rio Grande Basin presentation, dated 06/04/07
by Gary Esslinger

3 (30 pages)
4 Exhibit GE-32                                    99
5 Kirby Engineering, Inc letter dated 01/09/94

to Gary Esslinger from James Kirby
6 Subject: Return Flow - Rio Grande Project

Bates stamped EBID138037 - 138044
7
8 Exhibit GE-33                                    112
9 PowerPoint Presentation titled New Mexico's

Lower Rio Grande: Technical and Institutional
10 Solutions by Gary Esslinger dated 10/26/05

Bates stamped EBID168577 - 168592
11 Bates stamped EBID_NM_003057-0001 - 16
12 Exhibit GE-34                                    120
13 Multiple Letters

Bates stamped US0120937 - 120955
14
15 Exhibit GE-35                                    123
16 Email dated 10/14-16/14 between Filberto

Cortez and Gary Esslinger
17 Subject: EBID NWRA meeting with Principle

deputy Commissioner Lopez
18 Bates stamped US0594430 - 594432

Highly Confidential
19
20 Exhibit GE-36                                    123
21 Email thread dated 01/19-20/18 to Michelle

Estrada Lopez from Ian Ferguson
22 Subject:  Meeting notes: Elephant Butte

Irrigation District - 01/09/2018
23 Bates stamped US0590091 - 590092

Highly Confidential
24
25
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1 Exhibit GE-37                                    128
2 Elephant Butte Irrigation District letter

dated 01/25/12 to Ed Drusina, Commissioner
3 International Boundary and Water Commission

United States Section
4 from Gary Esslinger

Bates stamped US0387213 - 387216
5
6 Exhibit GE-38                                    130
7 Elephant Butte Irrigation District Letter

dated 06/26/13 to Carl Duran from Gary
8 Esslinger

Bates stamped NM_00093286 - 93288
9

10 Exhibit GE-40                                    135
11 Water Conservation Studies Letter dated

01/10/1990 to Gary Esslinger from Ben Mason
12 Bates stamped EBID136812 - 136827

Bates stamped EBID_NM_002674-0001 - 16
13
14 Exhibit GE-41                                    136
15 New Mexico Water Resources Research Institute

Press Release, Resolution Indicates Era of
16 Cooperation between New Mexico and El Paso

Continues dated 11/17/92
17 Bates stamped EBID140609 - 140613

Bates stamped EBID_NM_003543-0001 - 5
18
19 Exhibit GE-42                                    137
20 Conjunctive Water Resource Management

Technical Data Report, Volume II Technical
21 Appendices Study, Prepared for The New

Mexico/Texas Water Commission, dated 06/94
22 Bates stamped TX_00055207 - 55412
23
24
25
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1 Exhibit GE-44                                    141
2 EBID - Proposed contract dated 03/13/98 to

Gary Rowe from Gary Arnold
3 Bates stamped US0210041 - 210050
4 Exhibit GE-45                                    142
5 State of New Mexico Letter dated 10/01/99 to

Michael Gabaldon from Thomas Turney
6 Subject: Re: Proposed Contract Among the

United States, El Paso County Water
7 Improvement District No. 1 (EPCWID) and the

Lower Valley Water District (LVWD) for
8 Conversion of Rio Grande Project Water from

Irrigation to Miscellaneous Purposes and Uses
9 Other Than Irrigation, Rio Grande Project,

Texas
10 Bates stamped EBID125604 - 125617

Bates stamped EBID_NM_000714-0001 - 14
11
12 Exhibit GE-46                                    145
13 Series of letters from Hubert & Hernandez,

Law Offices to Filberto Cortez
14 Subject: 2001 Revised Estimate of Underflow

Captured by City of El Paso Wells
15 Bates stamped EBID127664 - 127708

Bates stamped EBID_NM_001053-0001 - 45
16
17 Exhibit GE-47                                    150
18 Letter from United States Department of the

Interior Bureau of Reclamation, El Paso Field
19 Division dated 03/05/03 to Gary Esslinger and

Edd Fifer
20 Subject: Rio Grande Project Accounting and

Operating Rules for the 2003 Irrigation
21 Season

Bates stamped US0168184 - 168187
22
23
24
25
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1 Exhibit GE-48                                    153
2 Letter from Hubert & Hernandez, dated

01/18/08 to Patrick Gordon from Stephen
3 Hubert

Subject: El Paso Co. Water Improvement
4 District No. 1 vs Elephant Butte Irrigation

District, et al.;
5 Bates stamped EBID167729 - 167732

Bates stamped EBID_NM_002923-0001 - 4
6
7 Exhibit GE-49                                    158
8 Lower Rio Grande Water Users Organization

Minutes for Board Meeting on 04/03/08
9 Bates stamped NM_00134120 - 134137

10 Exhibit GE-50                                    163
11 Email Thread Dated 04/13/11 to Phillip King,

et al.  from Al Blair
12 Subject:  OA Points

Bates stamped US0538640 - 538641
13
14 Exhibit GE-51                                    164
15 Fax from Law Office of Steven Hernandez,

dated 04/05/11 to Governor Martinez from
16 Samantha Barncastle

Subject: URGENT --  Threatened interstate
17 litigation over water in the Lower Rio Grande

Bates stamped TX_00304629 - 304653
18
19 Exhibit GE-52                                    169
20 Email thread dated 08/11/11 to Filberto

Cortez, et al. from Al Blair
21 Subject: Confidential

Bates stamped US0586233 - 586234
22 Highly Confidential
23 Exhibit GE-53                                    170
24 News Article titled State Sues To Block Water

Release, dated 08/09/11
25 Bates stamped US0588823 - 588824
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1

2 Exhibit GE-54                                    170
3 Email thread dated 04/24/12 to Mike Hamman,

et al.  from Gary Esslinger
4 Subject: River pumpers

Bates stamped US0588975 - 588976
5 Highly Confidential
6 Exhibit GE-55                                    172
7 Elephant Butte Irrigation District Letter

dated 05/24/13 to Mike Hamman from Gary
8 Esslinger

Subject: O&M Budget for the Rio Grande
9 Project 2014

Bates stamped EBID155620 - 155623
10 Bates stamped EBID_NM_001631-0001 - 4
11 Exhibit GE-56                                    175
12 United States Department of the Interior

Letter dated 05/01/14 to Gary Esslinger from
13 Linda Weiss

Bates stamped EBID155130 - 155132
14 Bates stamped EBID_NM_001554-0001 - 3
15

16

17

18

19

20

21

22

23

24

25
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1                 P R O C E E D I N G S

2               THE VIDEOGRAPHER:  The time is

3 9:02 a.m.  We're on the record.

4               MR. WECHSLER:  Good morning,

5 Mr. Esslinger.

6               THE WITNESS:  Good morning.

7               MR. WECHSLER:  I'll just remind you

8 that you're still under oath and that the rules we

9 talked about yesterday still apply.

10               Do you understand that?

11               THE WITNESS:  Yes, sir, I do.

12               MR. WECHSLER:  Let's go ahead and take

13 appearances.

14               MR. WECHSLER:  This is Jeff Wechsler

15 on behalf of the State of New Mexico.

16               We also have Aryian Singer, Shelly

17 Dalrymple, Susan Barela, and that looks like it for

18 now.

19               How about for the State of Texas?

20               MS. KLAHN:  The State of Texas, this

21 is Sarah Klahn.  It looks like I'm riding solo

22 today.  I don't see anybody else.

23               MR. WECHSLER:  And the United States?

24               MR. TUSTIN:  John Tustin for the

25 United States.
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1               And I believe we have Filberto Cortez

2 with us from Reclamation as well.

3               MR. WECHSLER:  Good morning.

4               For the State of Colorado?

5               MR. WALLACE:  Good morning.

6               This is Chad Wallace for Colorado.

7               MR. WECHSLER:  Good morning.

8               EBID?

9               MS. BARNCASTLE:  Good morning.

10               This is Samantha Barncastle for EBID

11 and I believe we have Dr. King with us and Dr. Fuchs

12 will join us soon.

13               MR. WECHSLER:  For EP#1?

14               MS. O'BRIEN:  Good morning.

15               Maria O'Brien for El Paso County Water

16 Improvement District Number 1, and I am the only one

17 on at this point.  Jesus Reyes may join us in a

18 little bit.

19               And for the court reporter, that will

20 show up as a 915 number.  It's a conference room in

21 El Paso at the District.

22               MR. WECHSLER:  Thank you.

23               For the Pecan Growers?

24               MS. DAVIDSON:  Good morning.

25               Tessa Davidson on behalf of New Mexico
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1 Pecan Growers.

2               MR. WECHSLER:  For ABCWUA?

3               MR. BROCKMANN:  Good morning.

4               It's Jim Brockmann on behalf of the

5 Water Authority and also City of Las Cruces.

6               MR. WECHSLER:  For New Mexico State

7 University?

8               MR. UTTON:  Good morning.

9               This is John Utton for NMSU.

10               MR. WECHSLER:  Do we have anyone for

11 Hudspeth or the City of El Paso?

12               (No response.)

13               MR. WECHSLER:  All right.  Let's go

14 ahead and get started.

15               MR. TUSTIN:  Before we begin, I'm

16 sorry, this is John Tustin.

17               Chris Rich from the Solicitor's office

18 at the Department of Interior also is on with us

19 today.

20               MR. WECHSLER:  Great.  Thank you.

21                    GARY ESSLINGER,

22 having been previously sworn to tell the truth, the

23 whole truth, and nothing but the truth, so help him

24 God, testified further:

25
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1                      EXAMINATION

2 BY MR. WECHSLER:

3      Q.   All right, Mr. Esslinger.  Let's get

4 started.  I have a whole number of documents that

5 I'm hoping to look at with you today.  And I'll try

6 and move fairly quickly through those.

7               The first thing I want to talk to you

8 about a little bit is the water rights that the

9 District uses or that individuals within the

10 District are using.  Yesterday we discussed the

11 adjudication orders from the New Mexico

12 adjudication.

13               Do you recall that discussion?

14      A.   Yes, sir, I do.

15               (Deposition Exhibit GE-06 marked for

16                identification.)

17      Q.   (BY MR. WECHSLER)  And I want to

18 understand something, again, from your Elephant

19 Butte motion, which is Exhibit 6.  So if you will go

20 to GE-06, and at this time, I'm looking at .pdf page

21 36.

22      A.   (Examined exhibit.)

23      Q.   Do you have that before you?

24      A.   It's Number 23, page 23?

25      Q.   Page 36 of 52.  And oh, yes, you're
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1 correct.  The page of the motion is 23 at the top.

2               So just below the indented language

3 there, that's where I'm looking.  And here we see

4 that EBID wrote that "Therefore the surface water

5 users in New Mexico who received Project water

6 deliveries for irrigation of their lands possess the

7 beneficial interest in the project's water rights

8 and EBID represents those New Mexico water users."

9               Do you see that?

10      A.   I'm trying to find it.  This is quotes

11 from the State of Nevada versus United States.

12      Q.   It's just below the indented quote.

13      A.   (Examined exhibit.)  I see it now.  I'm

14 sorry.  I was looking at the indented quote.

15      Q.   My question is:  Is it your understanding

16 that the beneficial interest to the water rights is

17 actually held by the farmers themselves?

18      A.   Yes.

19      Q.   And many of those farmers also hold water

20 rights from the State of New Mexico; is that right?

21      A.   In the form of groundwater rights.

22      Q.   That's what I'm referring to.  You're

23 aware of that?

24      A.   Yes.

25      Q.   Does the EBID track the number of EBID

TX_MSJ_001007
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1 members that have groundwater permits?

2      A.   No.  We don't have any system of tracking.

3 We try to work with the District office in

4 Las Cruces to understand.  And when land is sold and

5 transferred, we work closely with them to make sure

6 that new owners have access to those wells and

7 groundwater and surface water.

8      Q.   Turning to the water rights for the

9 District itself, have the -- any rights been

10 adjudicated to the District in the New Mexico

11 adjudication?

12      A.   I believe there were some groundwater

13 rights adjudicated to the District.

14      Q.   And we'll look at those in a moment.

15               Have any surface water rights, right

16 to divert water, been adjudicated to the District

17 yet?

18      A.   I don't believe so.

19      Q.   Do you recall there being an offer of

20 judgment from the New Mexico State Engineer?

21      A.   I recall the offer but not the specifics

22 of it.

23      Q.   And there also are some documents that the

24 District itself has submitted to the State Engineer

25 as part of the adjudication process.  Are you aware

TX_MSJ_001008
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1 of that?

2      A.   Yes, I'm aware of those documents.

3      Q.   Let's look at some of the documents

4 related to, first, the District's groundwater right.

5               And I'm gonna mark Deposition

6 Exhibit 17.

7               (Deposition Exhibit GE-17 marked for

8                identification.)

9      Q.   (BY MR. WECHSLER)  Do you recognize this

10 document?

11      A.   (Examined exhibit.)  I've seen it before

12 but not fluently recognizing all of what's in it.

13      Q.   We can see the title is the New Mexico --

14 it's an Emergency Application For Permit to Use

15 Supplemental Wells to Supplement Ground Or Surface

16 Waters and it's being filed by the Elephant Butte

17 Irrigation District; is that right?

18      A.   Yes.

19      Q.   And the contact lists you as one of the

20 contacts?

21      A.   Yes.

22      Q.   The other person is Mr. Salopek who was

23 the president.  Is he still the president of EBID?

24      A.   No, sir.  He's not.

25      Q.   Is he still on the board?

TX_MSJ_001009
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1      A.   Yes, sir, he is.

2      Q.   If you can turn to page 6, .pdf page 6 of

3 this document, and you should see at the top an

4 affidavit of Jim Salopek, president of Elephant

5 Butte Irrigation District.

6               Do you see that?

7      A.   Yes.

8      Q.   So I just showed you that page for

9 reference.  A couple paragraphs I want to ask you

10 about.  The first is page 7, .pdf page 7, paragraph

11 7, and we don't need to read that paragraph into the

12 record.  This document will be part of the record.

13 But this is consistent with your testimony of

14 yesterday about groundwater pumping in EBID during

15 the drought in the '40s and '50s; is that right?

16      A.   Yes.

17      Q.   We can see in the second sentence there

18 Mr. Salopek is saying that during that drought, the

19 United States Bureau of Reclamation encouraged

20 EBID's constituent farmers to supplement their

21 project surface water supply by drilling irrigation

22 wells.

23               Do you see that?

24      A.   Yes, sir, I do.

25      Q.   Is that your understanding?
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1 the solar battery's low or whatever.  But that's the

2 meter that we're describing we would like to see on

3 all wells in the Lower Rio Grande.

4      Q.   Page 29.

5      A.   Let me rephrase.  I said all wells, all

6 agricultural wells.  I don't know what the city or

7 the mutual domestics use.

8               Go to which page, sir?

9      Q.   Page 29.  This says -- the heading is

10 Well Meter Applications - Coordinated Well Metering

11 and we can see you're identifying five different

12 groups.  What is this slide illustrating?

13      A.   When we went out to do our ground truthing

14 to develop how we were going to adhere to the

15 metering order.  We did a study with the hydrology

16 department of finding out which wells were being

17 metered at the time and which wells didn't have

18 meters at all but had a direct discharge into our

19 facility.

20               We found wells that were metered and

21 they had an indirect charge into EBID, maybe through

22 a private ditch that would come back in our system

23 and then there were groups of wells that had no

24 meters and no indirect discharges into facilities.

25 And then it was obviously Group 5, which they don't
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1 even come close to getting into our canal system.

2      Q.   And then what's meant in this slide?  And

3 we talked about a similar slide before, but what's

4 meant here about coordinated well metering?

5      A.   That meant that if there was a

6 coordination between the EBID facility and the well,

7 then that's what it was described here, like

8 Group 1, whereas Group 4 was not coordinated because

9 it didn't have anything to do with our canal system.

10      Q.   Let's look at another exhibit.  This one

11 I'll mark as Deposition Exhibit 32.

12               (Deposition Exhibit GE-32 marked for

13                identification.)

14      Q.   (BY MR. WECHSLER)  You should have a new

15 exhibit.

16               Do you recognize Deposition

17 Exhibit 32?

18      A.   Yes, I do.

19      Q.   What is it?

20      A.   It's a report from Kirby Engineering to me

21 regarding return flow from the Rio Grande Project.

22      Q.   Do you recall why you were receiving this

23 report?

24      A.   A little -- just a brief history.  When I

25 became manager in 1988, the board recommended that
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1 Jim Kirby, who was project superintendent of the

2 Lower Rio Grande -- the project superintendent of

3 the Rio Grande Project for 35 years, he was then at

4 that time a consultant brought on by our board.

5               And so for one year, I traveled around

6 in a pickup learning everything there was I could

7 learn from him about the Rio Grande Project.  And

8 probably sometime five years later there was a

9 question about return flows and that's where he gave

10 me this report.

11      Q.   Is that your signature in the upper

12 right-hand corner?

13      A.   No.

14      Q.   In that first page, he says "Other waters

15 entering the bed of the Rio Grande below Caballo Dam

16 and above Riverside Heading also constitute Project

17 water under the jurisdictions and belonging to the

18 Rio Grande Project.  These waters include return

19 flows from the project's drainage system, storm

20 waters from natural or engineered sources, sewage

21 effluent, industrial effluent and any other water

22 not mentioned above which reaches the Rio Grande

23 below Caballo Dam and above Riverside Dam."

24               Do you agree that all of these waters

25 form a part of Project supply?

TX_MSJ_001013
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1      A.   Yes.  If it hits the bed of the river.

2      Q.   And he emphasizes that, which you just

3 did, that says waters -- and he underlines entering

4 the bed of the Rio Grande.  And why is it important

5 that those flows enter the bed of the river?

6      A.   Because that's the only way that that

7 water can leave this Valley and go into the next

8 Valley.  It's the system, the natural system of any

9 river.

10               So you need a way to discharge it and

11 return water to the river so that the water in the

12 river could go further down to either serve another

13 demand or be wasted if it's so much of flow, like a

14 flood flow, that you can't use it anyway.  So the

15 river is the means of getting flood flows, return

16 flows, storm water, sewage effluent, industrial

17 effluent all back to the river to go on downstream.

18      Q.   Does that mean that those flows that do

19 not enter the bed of the Rio Grande are not a part

20 of project supply?

21      A.   I don't have the transcript.  Can you

22 repeat the question?

23               MS. BARNCASTLE:  I'll object to

24 foundation, too.

25      Q.   (BY MR. WECHSLER)  My question,

TX_MSJ_001014
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1 Mr. Esslinger, was those flows that do not enter the

2 bed of the Rio Grande, does that mean that those

3 flows are not part of Project supply?

4               MS. BARNCASTLE:  And objection; form.

5      A.   I would say that those flows that don't

6 hit the bed of the Rio Grande eventually get there.

7 It could be a flood flow that floods a parcel of

8 land that is a mile away from the river.  Well, that

9 floodwater's gonna have to go someplace, so it may

10 just go into the groundwater, which is recharged;

11 and that recharge then eventually gets to the river

12 at some point, and then it becomes Project water.

13               That's the example I can give you

14 there.  That's the only one that comes to mind.

15      Q.   (BY MR. WECHSLER)  So it becomes Project

16 water once it hits the river, in your example?

17      A.   Yes.

18      Q.   In that example, the way that water could

19 get there is that it sits in that field and it's --

20 some of that water's evaporated, some of it goes to

21 the plant.  The rest goes into the ground.  When it

22 goes in the ground, there's probably a drain system

23 nearby.  The drain picks it up and takes it to the

24 river.

25               The timing of all that, I could not
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1 tell you when it happens.  But eventually all the

2 water that comes off of any tributary flow somehow,

3 some way will get to the river eventually, in some

4 form or fashion.  I'm not a hydrologist.

5      Q.   Understood.

6               Somewhere within the documents, we may

7 have a chance to look at it if we have time today.

8 The Bureau was answering a question from the EBID

9 about flood flows and EBID was asking:  Are we

10 allowed to capture these flood flows or are they

11 Project supply?  And the answer was -- I think

12 similar to yours -- and that was that EBID was

13 allowed to capture flood flows, arroyo flows,

14 because they didn't become project flows until they

15 hit the bed of the river.

16               Do you recall that?

17      A.   Yeah.  I think that's something mentioned

18 in the Operating Agreement as well because this

19 Valley is still very susceptible to flooding and

20 it's vulnerable to flash floods that are devastating

21 and could cause loss of life, to that respect.

22               And so trying to manage flood flows

23 through a system that has irrigation water in it, it

24 becomes -- it becomes a hot potato, let me tell you.

25 And so I had to know what I could do with this flood

TX_MSJ_001016
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Jorge Garcia - February 6, 2019
Job No. 3169882

1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3
4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10
11 ******************************************************
12                   ORAL DEPOSITION OF
13                      JORGE GARCIA
14                    FEBRUARY 6, 2019
15 ******************************************************
16

      ORAL DEPOSITION of JORGE GARCIA, produced as a
17 witness at the instance of the Plaintiff State of

Texas, and duly sworn, was taken in the above-styled
18 and numbered cause on February 6, 2019, from 9:34 a.m.

to 11:59 a.m., before Heather L. Garza, CSR, RPR, in
19 and for the State of Texas, recorded by machine

shorthand, at the offices of LAS CRUCES UTILITIES, 680
20 North Motel Boulevard, Las Cruces, New Mexico,

pursuant to the Federal Rules of Civil Procedure and
21 the provisions stated on the record or attached

hereto; that the deposition shall be read and signed.
22
23
24
25
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1               A P P E A R A N C E S
2 FOR THE PLAINTIFF STATE OF TEXAS
3     Ms. Sarah A. Klahn

    Mr. Francis M. Goldsberry II (via telephone)
4     SOMACH SIMMONS & DUNN

    2701 Lawrence Street, Suite 113
5     Denver, Colorado 80205

    (720) 279-7868
6     sklahn@somachlaw.com
7 FOR THE DEFENDANT STATE OF COLORADO:
8     Mr. Chad Wallace (via videoconference)

    COLORADO DEPARTMENT OF LAW
9     1300 Broadway, 7th Floor

    Denver, Colorado 80203
10     (720) 508-6281

    chad.wallace@coag.gov
11

FOR THE DEFENDANT STATE OF NEW MEXICO:
12

    Mr. David A. Roman
13     ROBLES RAEL ANAYA

    500 Marquette NW, Suite 700
14     Albuquerque, New Mexico 87102

    (505) 242-2228
15     droman@roblesrael.com
16     -and-
17     Mr. Michael A. Kopp (via telephone)

    TROUT RALEY
18     1120 Lincoln Street, Suite 1600

    Denver, Colorado 80203
19     (303) 861-1963

    mkopp@troutlaw.com
20

    -and-
21

    Ms. Shelly L. Dalrymple
22     STATE OF NEW MEXICO

    SPECIAL ASSISTANT ATTORNEY GENERAL
23     130 S. Capitol Street

    Concha Ortiz Y Pino Building
24     Santa Fe, New Mexico 87504

    (505) 827-6150
25     shelly.dalrymple@state.nm.us
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1 FOR THE UNITED STATES:
2     Mr. James J. Dubois

    U.S. DEPARTMENT OF JUSTICE
3     999 18th Street, Suite 370

    Denver, Colorado 80202
4     (303) 844-1375

    james.dubois@usdoj.gov
5

    -and-
6

    Ms. Shelly Randel
7     U.S. DEPARTMENT OF THE INTERIOR

    1849 C Street NW
8     Washington, DC 20240

    (202) 208-5432
9     shelly.randel@sol.doi.gov
10

FOR CITY OF LAS CRUCES:
11

    Mr. Jay F. Stein
12     STEIN & BROCKMANN, P.A.

    505 Don Gaspar
13     Santa Fe, New Mexico 87505

    (505) 983-3880
14     jfstein@newmexicowaterlaw.com
15     -and-
16     Ms. Marcia B. Driggers

    LAS CRUCES CITY ATTORNEY'S OFFICE
17     700 North Main, Suite 3200

    Las Cruces, New Mexico 88004
18     (575) 541-2128

    marcyd@las-cruces.org
19
20 FOR ELEPHANT BUTTE IRRIGATION DISTRICT:
21     Ms. Samantha R. Barncastle

    BARNCASTLE LAW FIRM, LLC
22     1100 South Main, Suite 20

    Las Cruces, New Mexico 88005
23     (575) 636-2377

    samantha@h2o-legal.com
24
25
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1 FOR ALBUQUERQUE - BERNILLO COUNTY WATER UTILITY

AUTHORITY:

2

    Mr. James C. Brockmann

3     STEIN & BROCKMANN, P.A.

    505 Don Gaspar

4     Santa Fe, New Mexico 87505

    (505) 983-3880

5     jcbrockmann@newmexicowaterlaw.com

6

7

ALSO PRESENT:

8

     Mr. Phil King

9      Mr. Ryan Serrano

     Ms. Cheryl Thacker

10      Ms. Rhonda Diaz

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
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1                    EXAMINATION INDEX
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1                      JORGE GARCIA,

2 having been first duly sworn, testified as follows:

3                  E X A M I N A T I O N

4 BY MS. KLAHN:

5     Q.   Good morning, Dr. Garcia.

6     A.   Good morning.

7     Q.   My name is Sarah Klahn.  I represent the

8 State of Texas.  Could you state your name for the

9 record and spell it, please?

10     A.   Jorge Garcia, J-O-R-G-E, G-A-R-C-I-A.

11     Q.   And your work address?

12     A.   Utility Center, 680 Motel Boulevard, Las

13 Cruces, New Mexico.

14     Q.   What's your position with the City of Las

15 Cruces?

16     A.   Director of utilities.

17     Q.   Have you had your deposition taken before?

18     A.   Yes.

19     Q.   In what matters?

20     A.   Litigation with another water company.

21     Q.   How long ago was that?

22     A.   Maybe four or five years.  I don't know.

23     Q.   Okay.  Before that, had you had your

24 deposition taken?

25     A.   Not before those cases.
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1     Q.   Okay.  So you know you need to speak clearly

2 and not nod your head?

3     A.   Yes.  Yes and no, yeah.

4     Q.   And if you have a question that you don't

5 understand -- if I ask a question you don't

6 understand, please ask me to clarify.

7     A.   Yes.

8     Q.   If there's a question pending on the table,

9 you cannot consult with your lawyer, but as soon as

10 you answer the question, we can certainly take a

11 break.  Okay?  And if you need a break at any time,

12 let me know.

13     A.   Okay.  Thank you.

14     Q.   How long have you been the director of

15 utilities here?

16     A.   Since the spring of 2001.

17     Q.   Where did you work before that?

18     A.   In the city.  Here in the city utility.

19     Q.   Also in the utility?

20     A.   Yes.

21     Q.   So how long have you been with the City of

22 Las Cruces Utilities Department in any capacity?

23     A.   Approximately 29 years.

24     Q.   Where did you go to college?

25     A.   Utah State University.
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1     Q.   And did you get your -- which degree did you

2 get at Utah State?

3     A.   All of them.

4     Q.   What's your area of specialty?

5     A.   I have graduate degrees in civil engineering,

6 undergraduate degree in agriculture and irrigation

7 engineering.

8     Q.   Have you ever managed an irrigation system?

9     A.   No.

10     Q.   Other than your work with the City of Las

11 Cruces, what other work have you done either

12 professionally or academically that was water rights

13 related?

14     A.   I worked about almost five years in academia,

15 but it was not water rights related.  Also research

16 engineer at Utah State University while working on my

17 doctorate.

18     Q.   What was your thesis on for your PhD?

19     A.   It was dealt with the calibration -- search

20 techniques and parameter estimators in the calibration

21 of computer models.

22     Q.   Computer modelling of what?

23     A.   Rainfall runoff models.

24     Q.   Was there a particular area of the country or

25 the world that you were studying rainfall models?
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1     A.   No.  We were evaluating search techniques for

2 calibration with data and prior calibrations of the

3 Stanford Watershed Model.

4     Q.   Okay.  What was your role in the 40-year plan

5 that we were talking about with Ms. Widmer yesterday?

6     A.   I was certainly involved in the scoping of

7 the plan with a consultant and then review -- review

8 of the document of the various drafts of the document.

9 I was also involved in submitting the drafts to the

10 utility board and get their comment and input, et

11 cetera.

12     Q.   What is the effect -- the policy effect of

13 this 40-year plan on the utility department?

14               MR. STEIN:  Could people speak up just a

15 little?

16               MS. KLAHN:  Oh, I'm sorry.

17               MR. STEIN:  That's all right.

18     Q.   (BY MS. KLAHN)  What is the policy effect of

19 the 40-year plan in the utility department?

20     A.   One of the -- one policy change -- obviously

21 the -- the 40-year water plan is a planning document

22 for our water resources, our water supply.  One of the

23 policy changes was the shift from -- from a potential

24 surface water source to some other alternative source.

25               MS. KLAHN:  Before I follow up on that
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1 question, for people on the phone, the microphone is

2 incredibly sensitive, and we can literally hear if you

3 move in your chair, so I'd recommend you putting it on

4 mute because it's -- it sounds kind of funny in here.

5 We're not sure what you're doing.

6     Q.   (BY MS. KLAHN)  So one of the policy changes

7 you said was the shift from potential surface water

8 source to some other alternative source?

9     A.   Yes.

10     Q.   And that shift that you're talking about

11 was -- does that relate to the city's -- to a decision

12 by the city not to pursue surface water as an

13 alternate source?

14     A.   Yes.

15     Q.   In any form?

16     A.   Yes.

17     Q.   So currently, the city owns -- so -- and I'm

18 going to ask a few questions now about the surface

19 water sources that I believe you do own or operate.

20 What -- what is the status of the city's efforts to

21 acquire new leases or new purchases of water righted

22 lands in EBID?

23     A.   I don't believe we have acquired any lands in

24 the last few years.

25     Q.   Okay.
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1     A.   Or water -- or surface water rights.

2     Q.   Okay.  And then of the lands that you have

3 acquired, what are you planning to do with those?

4     A.   For now --

5     Q.   Do you have a plan?

6     A.   -- we're holding up to them and we pay the

7 tax to the district.  We're not getting rid of those

8 rights, but we certainly have not acquired any more.

9     Q.   And the reason for -- can you talk a little

10 bit about the reasons why you've decided to abandon

11 surface water as an alternate source?

12     A.   There's no water in the river.

13     Q.   Hard to capitalize water plan on 3 inches a

14 year?

15     A.   That's correct.

16     Q.   Okay.  So as far as the city's current

17 groundwater supplies, as the utility director, how do

18 you envision the city growing into the current

19 groundwater supplies that it has?  As I understand it,

20 there's an expectation the city will have 150,000

21 people by, what, in 30 or 40 years?

22     A.   Yes.  The -- the 40-year water plan, I

23 believe, has high, medium, and low projections.  We've

24 had very high growth in the 2006, '7, '8, and then it

25 slowed down so, you know, that's why we have a range
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1 of scenarios of growth.  But -- but, yes, the intent

2 is to continue to plan and use those resources as

3 water rights that we currently have for -- for the

4 growth of the city and the growth of the customer

5 base.

6     Q.   Now, yesterday when we were talking with Ms.

7 Widmer, she testified that there were some wells in

8 which you've seen water level declines to the extent

9 the existing -- let's talk about LRG-430 for a moment.

10 To the -- if I use the term LRG-430, do you know what

11 I mean?

12     A.   Yes.

13     Q.   Okay.  So the wells that are permitted for

14 use and allowed -- legally allowed to be used under

15 LRG-430, to the extent that you experience water level

16 declines in those wells, what source would you

17 envision going to next to replace the supply that

18 isn't available from LRG-430 in the future?

19               MR. STEIN:  Objection as to lack of

20 foundation.  He hasn't testified that they would be

21 necessary to go to a different source because of the

22 declines.

23     Q.   (BY MS. KLAHN)  Well, let's start there.

24 Given that there are concerns apparently valley wide

25 and that the city has seen declines in water levels,
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1 do you have a concern about the sufficiency of the

2 supply under the LRG-430 wells?

3     A.   Not in the short term.

4     Q.   And how long is the short term?

5     A.   We're -- we're looking at -- I haven't read

6 the 2017 report, which is the last one that -- that we

7 did on the groundwater monitoring report.  We're

8 talking about drops of between -- and I -- and I'm --

9 I'm just giving you a range of numbers.  I'm not --

10 1.2 feet to 2-and-a-half feet per year on a 900-foot

11 well.  So --

12     Q.   So that doesn't cause you concern

13 professionally?

14     A.   Well, I'm concerned of the trend is a

15 concern, not the order of magnitude at this time.  I

16 think we all need to have a better understanding as to

17 what the long-term order of magnitude will be.  I'm

18 talking about 40, 50, 60, a hundred years.

19     Q.   Sure.  Okay.  So the -- yesterday, we talked

20 about the -- I think there are other sources of

21 groundwater that the city has available to it.  Have

22 you explored the use yet of any of the brackish

23 groundwater supplies that may be available?

24     A.   No, not yet.

25     Q.   Is that something the city is considering?
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1 consumptively use that amount of water."  And my

2 question was:  Even if that pumping depletes the Rio

3 Grande?

4     A.   Again, my answer is yes, because I don't

5 believe it depletes the Rio Grande.  It is

6 connected -- it's a river-connected aquifer, but I

7 don't believe our pumping has depleting effects.

8     Q.   Well, then why --

9     A.   On the river that are sizable.

10     Q.   Then why does the priority date matter?  This

11 sentence says, "The city's priority date of 1905,

12 quote, provides it with the right to affect surface

13 flows of the Rio Grande."  We're talking about

14 groundwater rights.  So why does the priority date

15 matter?

16     A.   The priority date matters because if you had

17 a priority call under state law, then having an early

18 priority would give you some more flexibility, let's

19 say, and be able to continue to pump.

20     Q.   If the -- if the two sources aren't

21 connected, the priority date shouldn't make any darn

22 difference.  There would never be a basis, a factual

23 basis for any administration against the wells if

24 they're not connected.  Wouldn't you agree?

25               MR. STEIN:  Objection as to vague and
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1 ambiguous.  Are you talking about -- are you saying

2 that there's no connection here in this circumstance?

3 Is that your hypothetical now?  Are you --

4               MS. KLAHN:  Mr. -- Dr. Garcia's answer

5 was the priority date matters because if you had a

6 priority call under state law, then having an early

7 priority would give you more flexibility, let's say,

8 and be able to continue to pump.  My question was if

9 the two sources aren't connected, the priority date

10 shouldn't make any darn difference, because there

11 would never be a basis -- factual basis to administer

12 against the wells.

13     Q.   (BY MS. KLAHN)  The state isn't going to go

14 administer wells up on the East Mesa that aren't

15 connected to the river, so is that your testimony that

16 the wells that the city pumps under LRG-430 are not

17 connected to the Rio Grande?

18     A.   No, that's not -- that's not my testimony.

19               MR. STEIN:  Counsel, you're raising

20 questions that are very complicated --

21               MS. KLAHN:  Please don't interrupt.

22               MR. STEIN:  -- that have different --

23 wells that have different depths, different levels of

24 connection, that affect the river or may not affect

25 the river under different flow conditions.
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1               MS. KLAHN:  This gentleman has a PhD in

2 civil engineering.  He's perfectly capable of

3 conditioning his answer in any way he believes is

4 necessary.  Mr. Stein, stop it.

5               MR. STEIN:  Please ask questions that

6 are specific and precise that he can answer.

7               MS. KLAHN:  I'll ask any question I

8 want, and if I don't get a good answer, that's my

9 problem, not yours.

10               MR. STEIN:  The questions are frequently

11 confusing, Counsel.

12               MS. KLAHN:  For you.

13               MR. STEIN:  Yes, they are.  Absolutely.

14     Q.   (BY MS. KLAHN)  Dr. Garcia, I assume your

15 counsel would like you to not answer this question,

16 but I would really like you to answer this question.

17 Is it your testimony that the wells that the city

18 pumps under LRG-430 are not connected to the Rio

19 Grande?

20     A.   No.  They are connected to the Rio Grande.

21 They are in the same aquifer.  They are deeper wells,

22 so if there's any effects on the actual stream flow,

23 you could argue that the -- the effects would be

24 either delayed effects or -- or, you know, it depends

25 how deep the wells are, too.
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1     Q.   I understand.  But they are connected so

2 pumping --

3     A.   It's the same aquifer, yes.

4     Q.   It's the same aquifer?

5     A.   Yes.  It's the same aquifer.

6     Q.   So pumping an LRG-430 well causes depletions

7 to the Rio Grande in some way, shape, or form?

8               MR. STEIN:  Objection; assumes facts

9 that are not in evidence and does not characterize his

10 testimony, conclusion of Counsel's.

11               MS. KLAHN:  The testimony was --

12               MR. STEIN:  Talking about a connection.

13 He did not talk about depletion.

14               MS. KLAHN:  -- it's the same aquifer --

15 if it's the same aquifer --

16               MR. STEIN:  You haven't accounted for

17 returns.

18               MS. KLAHN:  If it's the same aquifer --

19               MR. STEIN:  You haven't accounted for

20 returns.

21               MS. KLAHN:  When you take his

22 deposition, you can ask the questions any way you want

23 to.  Until then, let me ask the questions.  Stop it.

24 This is extremely unprofessional.

25               MR. STEIN:  I don't think so.
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1               MS. KLAHN:  It's not necessary.

2               MR. STEIN:  I think your questions are

3 vague and ambiguous.  They -- they assume facts that

4 are not in evidence.

5               MS. KLAHN:  I know what you think.

6               MR. STEIN:  They mischaracterize

7 testimony on occasion.

8               MS. KLAHN:  I'm reading from the

9 testimony, and I'll go back and ask the question

10 again.

11     Q.   (BY MS. KLAHN)  Your testimony, Dr. Garcia,

12 was that the wells in LRG-430 in the Rio Grande are

13 part of the same aquifer -- connected to the same

14 aquifer, correct?

15     A.   Yes.

16     Q.   And your testimony was that pumping from the

17 LRG-430 wells will cause an impact on the river.  You

18 said that earlier?

19     A.   Uh-huh.

20     Q.   And your counsel's concern, and let's talk

21 about this right now, is that the impacts that come

22 from LRG-430 pumping could be, possibly, might

23 hypothetically be offset by the returns of water that

24 the city does not consume; is that accurate?

25     A.   That's correct.
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1     Q.   Have you quantified the returns associated

2 with the LRG-430 pumping?

3     A.   We -- we do quantify their return from the

4 plan to the river.

5     Q.   The Jacob hands plan?

6     A.   Yes.

7     Q.   Okay.  And when you say you quantify, you

8 have a meter on that discharge?

9     A.   Correct.

10     Q.   Okay.  And the majority, if not all of the

11 water from LRG-430 is treated at the hands plant,

12 correct?

13     A.   That's correct.

14     Q.   Okay.  In addition, other -- the city treats

15 wastewater from other providers, doesn't it?

16     A.   That's correct.

17     Q.   At the hands plant?

18     A.   Yes.

19     Q.   Okay.  So some of the water coming out of the

20 hands plant is attributable to LRG-430, but not all of

21 it?

22     A.   The majority is, but there's other small

23 water systems that add to it.

24     Q.   Okay.  And I read that in the 40-year plan,

25 that you are a wastewater provider for other entities.
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1 Based on your quantification of the discharges from

2 the hand plant, do you have an understanding of how

3 much of the LRG-430 pumping is returned to the Rio

4 Grande on any time frame that you can speak to?

5     A.   I would have to look at the data, but it's --

6 the majority -- and I think yesterday there was the

7 discussion on two of the wells on the East Mesa, but

8 the -- I think potentially some of that water could go

9 to the reclamation facility well.  But I would say the

10 majority of the water may be about 10,000 acre feet a

11 year, go back into the river.  We reclaim about 300

12 acre feet a year, so -- so the order of magnitude of

13 molecules of water from LRG-430 going through

14 reclamation and avoid -- and replacing some freshwater

15 pumping is still small.

16     Q.   Right.  So the reclamation plant is very

17 small?

18     A.   Well, it has a capacity of a million gallons

19 a day, but when you look at the -- the demand, it's

20 only in the summer so overall, I think the numbers

21 that come to mind are in the 300 acre feet a year or

22 so.

23     Q.   Okay.

24     A.   Of reclamation.  It has capacity to -- to

25 treat more, but there's no demand in the winter
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1          IN THE SUPREME COURT OF THE UNITED STATES

2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY

3

4  STATE OF TEXAS            )

                           )

5          Plaintiff,        )

                           )     Original Action Case

6  VS.                       )     No. 220141

                           )     (Original 141)

7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )

8                            )

         Defendants.       )

9

10

THE STATE OF TEXAS :

11 COUNTY  OF  HARRIS :

12     I, HEATHER L. GARZA, a Certified Shorthand

13 Reporter in and for the State of Texas, do hereby

14 certify that the facts as stated by me in the caption

15 hereto are true; that the above and foregoing answers

16 of the witness, JORGE GARCIA, to the interrogatories

17 as indicated were made before me by the said witness

18 after being first duly sworn to testify the truth, and

19 same were reduced to typewriting under my direction;

20 that the above and foregoing deposition as set forth

21 in typewriting is a full, true, and correct transcript

22 of the proceedings had at the time of taking of said

23 deposition.

24          I further certify that I am not, in any

25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular

2 employ of this attorney; and I certify that I am not

3 interested in the cause, nor of kin or counsel to

4 either of the parties.

5

6          That the amount of time used by each party at

7 the deposition is as follows:

8          MS. KLAHN - 01:52:59

         MR. STEIN - 00:00:00

9          MR. ROMAN - 00:00:00

         MR. DUBOIS - 00:00:00

10          MS. BARNCASTLE - 00:00:00

         MR. BROCKMANN - 00:00:00

11          MR. WALLACE - 00:00:00

12

         GIVEN UNDER MY HAND AND SEAL OF OFFICE, on

13 this, the 25th day of February, 2019.

14
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                  HEATHER L. GARZA, CSR, RPR, CRR

16                   Certification No.:  8262

                  Expiration Date:  12-31-19
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         IN THE SUPREME COURT OF THE UNITED STATES
          BEFORE THE OFFICE OF THE SPECIAL MASTER
                  HON. MICHAEL J. MELLOY

 STATE OF TEXAS            )
                           )
         Plaintiff,        )
                           )     Original Action Case
 VS.                       )     No. 220141
                           )     (Original 141)
 STATE OF NEW MEXICO,      )
 and STATE OF COLORADO,    )
                           )
         Defendants.       )

******************************************************
       REMOTE ORAL AND VIDEOTAPED DEPOSITION OF
                     ESTEVAN LOPEZ
                     JULY 6, 2020
                       VOLUME 1
******************************************************

      REMOTE ORAL AND VIDEOTAPED DEPOSITION of ESTEVAN
LOPEZ, produced as a witness at the instance of the
Plaintiff State of Texas, and duly sworn, was taken in
the above-styled and numbered cause on July 6, 2020,
from 9:06 a.m. to 4:50 p.m., before Heather L. Garza,
CSR, RPR, in and for the State of Texas, recorded by
machine shorthand, at the offices of HEATHER L. GARZA,
CSR, RPR, The Woodlands, Texas, pursuant to the
Federal Rules of Civil Procedure and the provisions
stated on the record or attached hereto; that the
deposition shall be read and signed.
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11     Mr. Jeffrey Wechsler

    MONTGOMERY & ANDREWS
12     325 Paseo De Peralta

    Santa Fe, New Mexico 87501
13     (505) 986-2637

    jwechsler@montand.com
14

    -and-
15
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19

FOR THE DEFENDANT STATE OF COLORADO:
20

    Mr. Chad Wallace
21     Mr. Preston V. Hartman

    COLORADO DEPARTMENT OF LAW
22     1300 Broadway, 7th Floor
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25
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3     999 18th Street, South Terrace, Suite 370

    Denver, Colorado 80202
4     (303) 844-1386
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5
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7

    Ms. Maria O'Brien
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11
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15     (505) 983-3880

    jcbrockmann@newmexicowaterlaw.com
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17 FOR THE NEW MEXICO PECAN GROWERS:
18     Ms. Tessa T. Davidson

    DAVIDSON LAW FIRM, LLC
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22
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25
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1 FOR THE NEW MEXICO STATE UNIVERSITY:
2     Mr. John W. Utton

    UTTON & KERY, P.A.
3     Post Office Box 2386

    Santa Fe, New Mexico 87504
4     (505) 699-1445

    john@uttonkery.com
5
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7     Ms. Kayla Brown
8
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9

     Peggy Barroll
10      Ken Knox
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14
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1               THE VIDEOGRAPHER:  The time is 9:06 a.m.

2 We're on the record.

3                      ESTEVAN LOPEZ,

4 having been first duly sworn, testified as follows:

5                  E X A M I N A T I O N

6 BY MR. SOMACH:

7     Q.   Mr. Lopez, I'm Stuart Somach, and I'm counsel

8 of record for the State of Texas in this litigation.

9 Let me -- before I ask you any questions and kind of

10 give you an idea of what -- what we'll do over today

11 and perhaps tomorrow, let's do some -- some

12 appearances for the record.

13               MR. SOMACH:  Again, I'm Stuart Somach

14 for the State of Texas.  With me are Theresa Barfield

15 and Robert Hoffman.  I think that's all we've got.

16               For New Mexico?

17               MR. WECHSLER:  Good morning.  Jeff

18 Wechsler for the State of New Mexico.  We also have

19 John Draper, Peggy Barroll, Ken Knox, and Lela Hunt.

20               MR. SOMACH:  For the United States?

21               MR. GEHLERT:  David Gehlert on behalf of

22 the United States, and I believe also on are Ian

23 Ferguson and Michelle Estrada-Lopez.

24               MR. SOMACH:  For the State of Colorado.

25               MR. WALLACE:  Good morning.  This is
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1 Chad Wallace along with Preston Hartman for Colorado.

2               MR. SOMACH:  And Albuquerque?

3               MR. BROCKMANN:  Jim Brockmann for the

4 Water Authority.

5               MR. SOMACH:  City of El Paso?  City of

6 Las Cruces?

7               MR. BROCKMANN:  Stuart, this is Jim

8 again.  I'll be sitting in.  I think Jay might join a

9 little bit later.

10               MR. SOMACH:  Okay.  El Paso -- EP No. 1?

11               MS. O'BRIEN:  Yeah.  This is Maria

12 O'Brien for El Paso County Water Improvement District

13 No. 1.

14               MR. SOMACH:  EBID?

15               MR. ESSLINGER:  Good morning.  This is

16 Gary Esslinger.

17               MR. SOMACH:  Hudspeth County?  New

18 Mexico pecan growers?

19               MS. DAVIDSON:  Good morning.  Tessa

20 Davidson on behalf of New Mexico pecan growers.

21               MR. SOMACH:  New Mexico State?

22               MR. UTTON:  Good morning.  This is John

23 Utton.

24               MR. SOMACH:  Anybody else that we

25 missed?
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1                      (No response.)

2     Q.   (BY MR. SOMACH)  Mr. Lopez, let me kind of

3 talk a little bit about what we're going to do.  We've

4 got two days of outline or -- or carved out for your

5 deposition.  We have already -- you've already been

6 deposed twice.  I'm aware of that.  The first time was

7 back in May of 2019, before you were disclosed as an

8 expert witness, and it was -- you were being deposed

9 then as a -- essentially a percipient witness.  That's

10 a fact witness.  Then you were deposed again on

11 February 26th, 2020 on your first report.  We have not

12 finished that deposition and decided at that point in

13 time to continue it with the knowledge that you were

14 going to do a rebuttal report and that we would finish

15 up with respect to the first report and -- and then

16 ask you some questions about the second report.  So

17 that's the purpose of today and tomorrow's deposition.

18 To date, for the most part, only Texas has asked you

19 questions, and the United States certainly has

20 questions to pose to you, and there may be others.

21 I'm not sure what the rule is, but -- but I think

22 there will be others, including EP No. 1, that may

23 want to ask you some questions related to the

24 operating agreement, but let me start -- I will try,

25 to the best of my ability, not to repeat a bunch of
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1 stuff.  I have read both the depositions that were

2 taken, and as you know, Ms. Klahn took those

3 depositions on behalf of Texas.  She's preparing for

4 another deposition and just finished one up last week,

5 so I'm -- I'm around a little bit here so you'll have

6 to bear with me.  But I'm going to ask you a couple of

7 questions that may go back to those first two

8 depositions, but I want to do that as a matter of

9 foundation, as much as anything else.  I noted that in

10 your first deposition, you were retired as of

11 May 7th, 2019, or at least that's what you said in

12 that deposition so -- and let -- let me -- before I do

13 that, this is -- I'm aware of the fact that you've had

14 your deposition taken a number of times.  This

15 deposition is a little bit different than the last

16 ones because we're doing it remotely, and so the rules

17 are all the same, but you're kind of on your honor

18 here not to be looking at a lot of communications from

19 other people during the deposition, during the time

20 you're being questioned.  Do you understand that?

21     A.   I do.

22     Q.   Okay.  And because we're not in all of the

23 same room, sometimes it's difficult to -- to hear.

24 We're -- we're aided by the realtime transcript so you

25 have that in front of you, and it's working just fine?
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1     A.   It seems to be working great.

2     Q.   Okay.  And just like in a normal deposition,

3 if you have any questions, you should -- should ask me

4 to rephrase them, and if you need a break after I'm

5 done -- after you're done answering the question,

6 please don't hesitate to tell me you need a break, and

7 we'll take it.  Do you understand that?

8     A.   I do.

9     Q.   Okay.  I suspect I'm -- and -- and just

10 because it's a remote deposition, you're aware of the

11 fact that it -- it -- we treat this like a regular

12 deposition, and anything you say, you said under oath,

13 and that your testimony here can be used at -- at

14 trial.  Do you understand that?

15     A.   I do.

16     Q.   Okay.

17               MR. SOMACH:  Let's put up, and we'll --

18 we'll start here just simply because it's convenient

19 to make sure everything is working.  If we could put

20 up what I'll mark as Exhibit 1.  And I -- I'm going to

21 start over in terms of deposition numbering simply

22 because doing anything else would be beyond my

23 capability.  Let's put up the notice of deposition and

24 subpoena of Estevan Lopez, please.

25               (Exhibit No. 1 was marked.)
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1     Q.   (BY MR. SOMACH)  And I think, Mr. Lopez, I

2 think you can control that as soon as it gets marked.

3               MR. SOMACH:  Okay.  Have you turned over

4 the control to -- to Mr. Lopez?

5               THE VIDEOGRAPHER:  He just needs to

6 click the screen.  He's got it.

7     Q.   (BY MR. SOMACH)  Okay.  Do you have that?

8     A.   Yeah.  Getting used to -- trying to figure

9 out how to maneuver.

10     Q.   That's fine.  This is a good one to practice

11 on.

12     A.   Okay.

13     Q.   Have you ever seen what has been marked as

14 Exhibit 1 before?

15     A.   I have.

16     Q.   Okay.  And what is Exhibit 1?

17     A.   Subpoena from my deposition.

18     Q.   Okay.  And if you look on Page 2, there's a

19 request for documents, and did you -- are there any

20 documents that you provided to your legal counsel that

21 are responsive to the document request?

22     A.   I don't think there's any additional

23 documents, other than what I've disclosed in my

24 reports.  I think that legal counsel has copies of my

25 billing records, and I think we were going to get some
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1 copies of additional photos that I have reviewed and

2 that sort of thing.

3     Q.   Okay.

4               MR. SOMACH:  Jeff, just for the record,

5 I may have received those or someone here received

6 those, but are those going to be forthcoming?  What --

7 what is your intent there?

8               MR. WECHSLER:  They are, Stuart.  My

9 apologies for not getting them to you previously, but

10 you'll have the billing records today along with the

11 additional photos that Mr. Lopez is talking about.

12               MR. SOMACH:  Okay.  That shouldn't be

13 any problem at all.  I got things to talk about, and

14 when I get done, I'm sure others will have questions.

15 So why don't we take that exhibit down, so I can see

16 Mr. Lopez's full face here.

17     A.   I have to see myself, too.

18     Q.   (BY MR. SOMACH)  Yeah.  Well, you know,

19 it's -- it's -- it comes with the territory.

20          So where I was going was -- before I

21 interrupted myself with Exhibit No. 1, as of May 7th,

22 2019, you were retired, and at that point, at least

23 based upon my reading of that first deposition, you

24 didn't indicate that you had been retained, so I

25 assume that your retention for New Mexico to write
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1 your expert reports occurred some time after May 7th,

2 2019; is that correct?

3     A.   Yes.  I don't remember the exact date, but it

4 was some time after my first deposition, my fact

5 deposition.

6     Q.   And when you were asked to write an expert

7 report, what was -- what were you asked to do?

8     A.   I've got a copy -- clean copy of my report

9 here that I'd like to refer to if that's all right.

10     Q.   Yeah.  Well, let's actually put it up.  I --

11 I went to the -- to the --

12               MR. SOMACH:  Let's put up the 10/31/2019

13 expert report.  Let's mark this Exhibit 2.

14               (Exhibit No. 2 was marked.)

15     Q.   (BY MR. SOMACH)  We'll -- we'll refer to this

16 periodically in the -- in the deposition.  What -- so

17 I asked you what your -- what your assignment was, and

18 you said you wanted to look at your report, so if you

19 could do so with reference to what you've got up here,

20 that would be most helpful.  And before we -- before

21 you do that, what is what has been marked as Exhibit

22 2?

23     A.   This is my expert report of October 31st,

24 2019.

25     Q.   Okay.  Why don't you go ahead and look then
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1 where you want to look.

2     A.   I'm going to have to get used to navigating

3 this thing.

4     Q.   That's fine.  That's fine.

5     A.   So I'm looking here at the "Purpose" section

6 of my report.  That describes pretty much the answer

7 to your question.  I was asked, based on my prior

8 experience, to address some of the following, to

9 provide background and context for the Compact, to

10 explain the Compact, Compact accounting and the

11 relationship of the project to the Compact, to

12 describe the function and the history of the Compact

13 Commission, discuss the measure of Compact compliance

14 below Elephant Butte, explain the impact of the 2008

15 operating agreement on Compact accounting and

16 compliance, explain operational changes that resulted

17 from the 2008 operating agreement and the resulting

18 impacts on Compact accounting, provide context for the

19 2011 Compact credit water release and explain its

20 impacts from the perspective of the Compact, and

21 discuss action needed to ensure future Compact

22 administration in the section of the river below --

23 below Elephant Butte -- or between Elephant Butte Dam

24 and Fort Quitman, Texas.

25     Q.   Is what you've described Items No. 1 through
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1 8 of -- of your -- your October report, are those --

2 is that exactly how you were employed as a consultant,

3 they gave you these eight questions, and that's what

4 you understood your job to be or -- or was it a

5 broader scope and then through discussions, it was

6 narrowed down to these eight points?

7     A.   As -- as I recall these I've taken from kind

8 of the con -- contract that I was asked to sign by the

9 State of New Mexico and so these were the points that

10 they asked me to discuss in -- in the contract.  And

11 as to whether the -- I, frankly, don't recall the --

12 the sequence of events to get to this point.  I know

13 we had some general conversations first about my

14 interest in -- or willingness to -- to serve as an

15 expert, and we went from there.

16     Q.   Okay.  Now, your last job with the State

17 of -- of New Mexico was -- was as director of the

18 Interstate Stream Commission; is that correct?

19     A.   That is correct.

20     Q.   And you were first appointed by -- by

21 Governor Richardson; is that -- is that also correct?

22     A.   That is correct.

23     Q.   Okay.  Did you have a lot of contact with

24 Governor Richardson during the time he was governor

25 and you were the director of the Interstate Stream
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1 Commission?

2     A.   What do you mean by "a lot of contact"?

3     Q.   What was your relationship?  Was it you never

4 saw him and reported through other people to the

5 governor's office or did you have periodic meetings

6 with the governor to discuss water issues?

7     A.   It was a bit of both.  I did not see him on a

8 daily and sometimes not even a weekly basis, but I

9 certainly had instances where I reported directly to

10 him and had meetings with him to discuss the issues.

11     Q.   What -- would you say in your opinion that

12 Governor Richardson was -- was involved in water

13 issues and knowledgeable about them?

14     A.   He was fairly involved, from my experience.

15 You know, I've got limited experience as to the number

16 of governors that I've served under.  I've served

17 under two governors.  But of those two, I would say

18 that he was -- he was involved.  He was -- he was --

19 he made it a point of being knowledgeable about a

20 broad range of issues, and he -- he read a great deal.

21     Q.   When you say "a broad range of issues," I

22 assume that includes issues with respect to water?

23     A.   Yeah.  And -- and so with regard to water,

24 and you probably listened to John D'Antonio's

25 deposition a few days ago, he -- he mentioned -- and
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1 I -- I will do the same, that Governor Richardson

2 brought on a policy advisor for water issues, Mr. Bill

3 Hume, and Mr. Hume kept him apprised on almost a daily

4 basis.

5     Q.   Now, you were director of the Interstate

6 Stream Commissioner under two governors.  Who was the

7 other governor?

8     A.   Governor Martinez.

9     Q.   And was Governor Martinez involved at the

10 same level that Governor Richardson was in water

11 issues?

12     A.   I would say, at least in my experience, no.

13     Q.   What -- what is the role of the Interstate

14 Stream Commission with respect to the operation of the

15 Rio Grande project?

16     A.   I think it's probably best to answer that

17 question by talking broadly about the role of the

18 Interstate Stream Commission.

19     Q.   That's fine.

20     A.   And, again, I think I'll refer to my -- my

21 report.  So a good indication of kind of the breadth

22 of the responsibilities of the -- of the Interstate

23 Stream Commission is in this indented paragraph.  I'll

24 just go ahead and read it.  "The Interstate Stream

25 Commission is a nine-member commission that is
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1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3

4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10

THE STATE OF TEXAS :
11 COUNTY  OF  HARRIS :
12     I, HEATHER L. GARZA, a Certified Shorthand
13 Reporter in and for the State of Texas, do hereby
14 certify that the facts as stated by me in the caption
15 hereto are true; that the above and foregoing answers
16 of the witness, ESTEVAN LOPEZ, to the interrogatories
17 as indicated were made before me by the said witness
18 after being first remotely duly sworn to testify the
19 truth, and same were reduced to typewriting under my
20 direction; that the above and foregoing deposition as
21 set forth in typewriting is a full, true, and correct
22 transcript of the proceedings had at the time of
23 taking of said deposition.
24          I further certify that I am not, in any
25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6          That the amount of time used by each party at
7 the deposition is as follows:
8          MR. SOMACH - 05:01:50

         MR. WECHSLER - 00:00:00
9          MR. GEHLERT - 00:59:19

         MR. WALLACE - 00:00:00
10          MS. O'BRIEN - 00:00:00
11

         GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
12 this, the 22nd day of July, 2020.
13

14                     _____________________________

                    HEATHER L. GARZA, CSR, RPR, CRR
15                     Certification No.:  8262

                    Expiration Date:  04-30-22
16

17 Worldwide Court Reporters, Inc.

Firm Registration No. 223
18 3000 Weslayan, Suite 235

Houston, TX 77027
19 800-745-1101
20

21

22

23

24

25
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IN THE SUPREME COURT OF THE UNITED STATES
BEFORE THE OFFICE OF THE SPECIAL MASTER

HON. MICHAEL J. MELLOY

 STATE OF TEXAS )
)

Plaintiff, )
)     Original Action Case

 VS. )     No. 220141
)     (Original 141)

 STATE OF NEW MEXICO, )
 and STATE OF COLORADO,    )

)
Defendants. )

******************************************************
REMOTE ORAL AND VIDEOTAPED DEPOSITION OF

ESTEVAN LOPEZ
JULY 7, 2020
VOLUME 2

******************************************************

REMOTE ORAL AND VIDEOTAPED DEPOSITION of ESTEVAN
LOPEZ, produced as a witness at the instance of the
Plaintiff State of Texas, and duly sworn, was taken in
the above-styled and numbered cause on July 7, 2020,
from 9:00 a.m. to 4:17 p.m., before Heather L. Garza,
CSR, RPR, in and for the State of Texas, recorded by
machine shorthand, at the offices of HEATHER L. GARZA,
CSR, RPR, The Woodlands, Texas, pursuant to the
Federal Rules of Civil Procedure and the provisions
stated on the record or attached hereto; that the
deposition shall be read and signed.
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13
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1               THE VIDEOGRAPHER:  The time is 9:00 a.m.

2 We're on the record.

3                     ESTEVAN LOPEZ,

4 having been first duly sworn, testified as follows:

5                  E X A M I N A T I O N

6 BY MR. GEHLERT:

7     Q.   Thank you.  Just one quick preliminary

8 question before we start.  Is there any reason today

9 that you're not capable of giving truthful and

10 complete answers?

11     A.   No.

12     Q.   Thank you.  I want to start by revisiting the

13 hypothetical we discussed yesterday about the water

14 traveling through the EBID canal.  We talked about

15 what would happen if the water seeped out of the canal

16 into the ground, and I believe your testimony was that

17 that water would not be considered project water or

18 usable water at that point; is that correct?

19     A.   Well, that hypothetical -- hypothetical kind

20 of morphed as we went along, and I think toward the

21 end, you had asked me about if it comes back as return

22 flow, is it usable water, and yes, it is.  If it's --

23 if it -- return flow is part of project supply.  What

24 I -- where I thought you had begun with that

25 hypothetical was that it was just simply lost, it
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1 seeped into the ground and was not coming back.

2 Q. Yeah.  So during the interval between the

3 time when the water seeps out of the canal and

4 reenters a different canal or the river or some other

5 project feature, you consider it to be not project

6 water and not usable water; is that correct?

7 A. Well, until -- until it returns to the

8 system, yes, it's not usable.  It's not project

9 supply.  I mean, that's why I drew that distinction.

10 Initially I was thinking you were talking about water

11 that has simply seeped into the ground and is not

12 returning.

13 Q. Okay.  Thank you.  Appreciate the

14 clarification.  I want to change the hypothetical in

15 just one way.  Instead of the water seeping out of the

16 canal, does it change your opinion that the water is

17 pulled out of the canal by a pump?

18 A. Are you asking -- what's the question you're

19 asking?

20 Q. The hypothetical, water is traveling down a

21 canal within EBID.  We're agreement that water in the

22 canal is project water and it is usable water, but my

23 question to you is:  What happens if that water is

24 pulled out of the canal by a pump?

25 A. So I think I understand what you're asking.
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1 Yeah.  So if the -- if the pump is pumping groundwater

2 and then that is applied on project -- on project

3 lands, yeah, I would say that that -- that portion

4 of -- of project water is usable water -- excuse me.

5 That portion of groundwater that was pulled from --

6 from the canal and then applied to the project,

7 that -- that's project water.

8 Q. Okay.  And I want to look at it from the --

9 the other end, as well.  You talked about how if water

10 had seeped out of the canal and it moved to a point

11 where it reentered another canal or project feature,

12 it would then become project water.  What happens if

13 the water is intercepted by pumping before it is able

14 to reach a project feature and become return flow

15 under your definition?

16 A. I'm not sure how that's significantly

17 different than what we just talked about.

18 Q. So the pumping would be taking project water

19 and usable water?

20 A. Say that again, please.

21 Q. I just wanted to confirm that your testimony

22 is that the pumping that was preventing water from

23 reaching the system and becoming return flow under

24 your definition would be taking project water and

25 usable water?
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1 MR. WECHSLER:  Object to form.

2 A. Taking project water --

3 Q. (BY MR. GEHLERT)  Let me clarify.  Taking

4 water that is both project water and usable water.

5 A. Well, I probably need to -- to go back to the

6 definition of usable water.  It's in the Compact, and

7 in the Compact, the definition of usable water is --

8 excuse me.  So -- so -- and I realize that we talked

9 about this yesterday about usable water being part of

10 the release water, but under the Compact, the

11 definition of usable water -- and just to be clear and

12 not confuse matters, we probably ought to stick with

13 that definition.  That's water in project storage that

14 is available for release.  So once it's released, at

15 least under that definition, it's not usable water.

16 At that point, it becomes part of project supply, and

17 I'd like to just keep that distinction point.

18 Q. I appreciate that.  Let me rephrase my

19 question, and we'll just refer to it as project water

20 or project supply.  Do you understand project water

21 and project supply to be essentially synonymous?

22 A. That's the way I've been using it, yeah.

23 Q. Okay.  So, again, we have water that would be

24 otherwise reaching a project feature but for pumping,

25 and my question is whether the water that's captured
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1 by the pump is project water or not?

2 A. Yeah.  I -- I think it's -- so, you know,

3 we're kind of going around in circles about this whole

4 thing, but I've already talked about the fact that,

5 yeah, groundwater pumping impacts surface supply,

6 and -- and this is -- this is kind of what we're

7 describing.

8 Q. Okay.  Do you have an opinion on to what

9 extent pumps within EBID are drawing water that's

10 derived from surface features?  And by "surface

11 features," I mean the river drains or canals.

12 A. What do you mean do I have an opinion?  Are

13 you asking me if I can quantify it?

14 Q. Yeah.  Do -- have you seen studies or have

15 you done any quantification yourself?

16 A. I have not done any quantification myself

17 but, yes, I've seen some studies.

18 Q. And what were the conclusions of those

19 studies?

20 A. I don't recall in detail, but the -- yeah,

21 there's -- there's impacts of on-the-ground water

22 pumping -- excuse me.  There's impacts from the

23 groundwater pumping on that project supply.

24 Q. And can you identify for me the studies that

25 you're thinking of?
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1 A. Well, I'm thinking of some of the work that's

2 been done by our -- our modeling team through the

3 integrated models.

4 Q. Anything else?

5 A. I think that -- I think that Peggy has done

6 some -- some other -- excuse me -- Dr. Barroll has

7 done some quantification of those impacts, as well.

8 It's not necessarily coming through the modeling, but

9 I -- I can't recall specifically.

10 Q. Okay.  You were just looking at the

11 definition of usable water.  In your opinion, does the

12 Compact require usable water to be divided up along

13 the 57/43 percent split that we talked about

14 yesterday?

15 A. No.

16 Q. It's just the whole project supply?

17 A. Yes.

18 Q. Thank you.  You talked about conjunctive use

19 of groundwater.  Can you -- what can you tell me about

20 how conjunctive use is managed in New Mexico?

21 MR. WECHSLER:  Object to form.

22 A. Well, the state engineer has adjudicated an

23 overall farm delivery that's allowed, and that can --

24 that is made up of the combination of surface supply

25 and -- and groundwater supply.  So once that limit is
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1 Grande underground water basin.  When was that

2 created?

3 A. I think it was declared, I think is the -- is

4 the word that we use and -- and I think that was some

5 time in the '80s, in the early '80s.

6 Q. Okay.  Do you have a sense of how much of the

7 pumping that's presently within the New Mexico portion

8 of the Rio Grande project had been established by

9 1980?

10 A. Not exactly.  I do know that there had been

11 pretty extensive pumping that had gone on in the '51

12 through '78 period, but I -- offhand sitting here,

13 I -- I can't remember what those proportions are

14 relative to what's going on today.

15 Q. Is there someone who would be better equipped

16 to answer that question?

17 A. Well, I think -- I think there's probably a

18 few people that can answer that question better that

19 have the information as part of the reports and stuff.

20 I think Dr. Barroll does.  I think probably Greg

21 Sullivan and Heidi -- Heidi Welsh.  Their report had

22 some information along those lines.  There may be

23 others.

24 Q. Thank you.  And if I understood you

25 correctly, after the creation or declaration of the
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1 groundwater districts, new wells are required to be

2 offset?

3 A. Not groundwater districts.  We don't

4 create -- declare groundwater districts.  We declare a

5 basin that is the state engineer ascertains reasonably

6 defined boundaries of it and defines those, and after

7 that point, the -- the -- there's -- any new uses are

8 required to be permitted, and any new uses are

9 required to be offset, that sort of thing.

10 Q. Great.  I appreciate your correcting my

11 terminology.  So we're talking about the basin.  What

12 is -- what does offset mean?

13 A. Offset means that to the extent that the --

14 that the impacts of that new use are impacting the

15 surface water supply, that -- those impacts need --

16 need to be offset by -- by some method or another.

17 Q. And what are some of those methods?

18 A. Well, it could be in -- in the case of, say,

19 a municipal user or something like that, it could be

20 by the return flows.  If the return flow is -- is

21 sufficient to offset the surface water impacts, that

22 could be the offset for a time.  Over time, that'll

23 change, and then maybe additional offsets will be

24 required.  It could be acquiring a water right and --

25 and using that water right to offset those impacts.
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1 It could be -- although I don't know that this has

2 happened down there, it could be the importation of

3 water from some other source.

4 Q. Okay.  So you're not certain whether there

5 are any permits that require imported water or water

6 to be imported as an offset?

7 A. You know, I don't -- I'm not aware of them.

8 I do believe that there's some importation of

9 non-basin water that's going on, but it may be that

10 it's -- that this is pre -- pre-declaration, so I

11 don't know that that's required for an offset, but in

12 the case of Las Cruces, I believe some of their supply

13 comes from the -- the Jornada that's not

14 hydrologically linked to the -- to the surface water

15 system.  So any water that comes in from that system,

16 the return flows that are coming in for that are

17 essentially imported supplies that augment to the

18 surface water supply.

19 Q. I believe you mentioned that there -- that a

20 possible offset would be acquisition of another water

21 right?

22 A. I think that's correct, yeah.

23 Q. Do you know if that has actually been done?

24 A. I don't.

25 Q. Is there somebody who's better equipped to
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1 talk about the -- what's been done as far as offsets

2 within the district?

3 A. I would expect that the water master and

4 the -- the district state engineer personnel down

5 there would -- would know that quite well.

6 Q. And who is the water master?

7 A. I believe it's Ryan Serrano.  I think that's

8 correct.

9 Q. I'll ask you one last question about offset.

10 How is the quantity that needs to be offset

11 determined?

12 A. Well, it kind of depends on -- on how complex

13 it is.  It might be -- if it's a -- it's a groundwater

14 source that's very close to the river and shallow, it

15 might be a simple calculation using the Theis equation

16 or it may -- if it's more complex and further away, it

17 might require a groundwater model to assess what those

18 impacts are.

19 Q. And those processes for potentially assessing

20 the impacts, those occurred during the permitting

21 process?

22 A. Yeah.  And -- and as I mentioned before, I

23 think there's at least a potential that some of these

24 could change over time so they'd probably have to be

25 revisited from time to time.  I, frankly, don't know
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1 exactly how often they revisited or -- or if they do

2 or if all of it is kind of done ahead of time.

3 Q. Okay.  Do you know when New Mexico started

4 work on -- on the AWRMS, Active Water Resources

5 Management System, I believe?

6 A. I think we refer to it as just AWRM, and I

7 don't know exactly.  I think -- I think there was --

8 there was at least the -- the -- the concept that was

9 being fleshed out by the time I came to work for the

10 ISC and -- and John D'Antonio came to work as state

11 engineer the first time, that is at the start of 2003,

12 I think there had been some very preliminary work done

13 before that, but really, I think most of the -- most

14 of the effort arises after 2003.  In 2003, there was

15 some kind of key state legislation that mandated that

16 the state engineer should put in -- put in effect the

17 administrative tools necessary to administer water

18 rights if necessary, even in -- in -- without a

19 completed adjudication.  And -- and so much of the

20 work for AWRM -- or AWRM as we affectionately call

21 it -- was done after that point.

22 Q. And AWRM is a statewide process, correct?

23 A. It is.

24 Q. And then there are -- there are what I'll

25 call local regulations.  Is it stated that there would
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1 be a separate set of regulations for the Lower Rio

2 Grande?

3 A. I should back up on that question and perhaps

4 be a bit more precise.  I don't think it's a statewide

5 process.  There is a -- kind of an overarching set of

6 regulations that I think has been put -- put in place

7 and affirmed and -- and then, yeah, you're correct,

8 for the more specific areas, there's district-specific

9 regulations that would be required and -- and -- to

10 actually make it functional.

11 Q. And when you say "district specific," what's

12 the applicable district for the Lower Rio Grande?

13 A. It may be called the Lower Rio Grande

14 district.  I'm not sure exactly what it's called, but

15 it -- my understanding of that is that it's generally

16 the -- the correspondence to the -- the boundaries

17 of -- of the project boundaries within New Mexico.

18 Q. And have those district-specific regulations

19 been promulgated?

20 A. I don't believe that they have.

21 Q. There's -- there's been some reference to

22 groundwater pumpers within E BID supplementing

23 their -- their water supply.  Do groundwater pumpers

24 have separate water rights for pumping?

25 A. I believe that -- so we're talking here about
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1 conjunctive -- conjunctive use of groundwater, and I

2 believe that, yes, they have separate groundwater

3 rights.

4 Q. Are those considered supplemental rights as a

5 matter of New Mexico law?

6 A. I -- I'm not sure.  I -- I don't know.

7 Q. Okay.  Would the water master be a better

8 person to ask about that?

9 A. I think that they would have that -- would

10 understand it very well.

11 Q. Okay.  Do you have any familiarity with the

12 priority of pumping water rights within EBID?

13 A. Do -- do I know the priority of what?

14 Q. Of the groundwater pumping rights within

15 EBID.

16 A. Well, it depends on when they were developed,

17 and as -- as we know from this case, quite a lot of

18 that -- those groundwater pumping -- the groundwater

19 pumping was begun in the -- in the early '50s, so

20 probably a fair amount of it is from that time frame.

21 Some of it may be later.

22 Q. So it's -- it's -- there are -- is a little

23 junior to the project water rights?

24 A. Correct.

25 Q. When you spoke with Ms. Klahn in February,
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1 you talked about some time around --

2 A. Could I back up -- could I back up just a

3 second?

4 Q. Yeah.  Certainly.

5 A. I'm -- you asked me -- the last question you

6 asked me has a rule that they're junior to -- to the

7 project.  If -- if that implies that all groundwater

8 pump -- groundwater pumping is -- is junior to the

9 project, I'm not sure that that's exactly been

10 decided, that we have a final answer on that.  I know

11 that at least the City of Las Cruces began developing

12 some groundwater rights close to the time of the -- of

13 the Compact, and I think that that -- that still may

14 be an open question or at least open to appeal.

15 Q. Okay.  Thank you.  I appreciate the

16 clarification.  When you spoke with Ms. Klahn in

17 February, you talked about some time around 2013, the

18 State had curtailed a -- a pumper within EBID.  Did --

19 do you recall that conversation?

20 A. I think we talked about some river pumping --

21 river pumping -- excuse me -- river pumpers that we

22 had some concerns raised about by perhaps it was IBWC

23 or -- or -- or maybe Texas.  I think that there has

24 been some instances where the State has curtailed some

25 of them, and some of them, the State has verified that
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1 IN THE SUPREME COURT OF THE UNITED STATES
2 BEFORE THE OFFICE OF THE SPECIAL MASTER

HON. MICHAEL J. MELLOY
3

4  STATE OF TEXAS )

)
5 Plaintiff, )

)     Original Action Case
6  VS. )     No. 220141

)     (Original 141)
7  STATE OF NEW MEXICO, )

 and STATE OF COLORADO,    )
8 )

Defendants. )
9

10

THE STATE OF TEXAS :
11 COUNTY  OF  HARRIS :
12     I, HEATHER L. GARZA, a Certified Shorthand
13 Reporter in and for the State of Texas, do hereby
14 certify that the facts as stated by me in the caption
15 hereto are true; that the above and foregoing answers
16 of the witness, ESTEVAN LOPEZ, to the interrogatories
17 as indicated were made before me by the said witness
18 after being first remotely duly sworn to testify the
19 truth, and same were reduced to typewriting under my
20 direction; that the above and foregoing deposition as
21 set forth in typewriting is a full, true, and correct
22 transcript of the proceedings had at the time of
23 taking of said deposition.
24 I further certify that I am not, in any
25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6 That the amount of time used by each party at
7 the deposition is as follows:
8 MR. SOMACH - 00:17:58

MR. WECHSLER - 00:00:00
9 MR. GEHLERT - 03:14:41

MR. WALLACE - 00:00:00
10 MS. O'BRIEN - 00:55:00

MS. BARNCASTLE - 00:55:00
11

12 GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
this, the 25th day of July, 2020.

13

14

_____________________________
15 HEATHER L. GARZA, CSR, RPR, CRR

Certification No.:  8262
16 Expiration Date:  04-30-22
17

Worldwide Court Reporters, Inc.
18 Firm Registration No. 223

3000 Weslayan, Suite 235
19 Houston, TX 77027

800-745-1101
20

21

22

23

24

25
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         IN THE SUPREME COURT OF THE UNITED STATES
          BEFORE THE OFFICE OF THE SPECIAL MASTER
                  HON. MICHAEL J. MELLOY

 STATE OF TEXAS            )
                           )
         Plaintiff,        )
                           )     Original Action Case
 VS.                       )     No. 220141
                           )     (Original 141)
 STATE OF NEW MEXICO,      )
 and STATE OF COLORADO,    )
                           )
         Defendants.       )

******************************************************
       REMOTE ORAL AND VIDEOTAPED DEPOSITION OF
                     ESTEVAN LOPEZ
                  SEPTEMBER 18, 2020
******************************************************

      REMOTE ORAL AND VIDEOTAPED DEPOSITION of ESTEVAN
LOPEZ, produced as a witness at the instance of the
United States, and duly sworn, was taken in the
above-styled and numbered cause on September 18, 2020,
from 9:02 a.m. to 12:38 p.m., before Heather L. Garza,
CSR, RPR, in and for the State of Texas, recorded by
machine shorthand, remotely at the offices of HEATHER
L. GARZA, CSR, RPR, The Woodlands, Texas, pursuant to
the Federal Rules of Civil Procedure and the
provisions stated on the record or attached hereto;
that the deposition shall be read and signed.
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9

    -and-
10
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1               THE VIDEOGRAPHER:  The time is 9:02 a.m.

2 We're on the record.

3               MR. DUBOIS:  First, let's do

4 appearances.  Mr. Lopez, my name is Jim Dubois.  We've

5 met once before, pre COVID, I think your first

6 deposition when you were not an expert witness, and I

7 am representing the United States.  Also on the line,

8 I believe, is Lee Leininger, who appears that -- oh,

9 and Judy Coleman, and that appears to be it for the

10 United States this morning.  Jeff?

11               MR. WECHSLER:  Jeff Wechsler for New

12 Mexico, and it looks like we have the state engineer,

13 John D'Antonio, Gregg Ridgley, Cheryl Thacker, Shelly

14 Dalrymple, Kari Olson, and Susan Barela, and Arianne

15 Singer.

16               MR. DUBOIS:  And for the State of Texas?

17               MR. SOMACH:  Yes, this is Stuart Somach.

18 I'll be asking Mr. Lopez questions to the extent

19 Mr. Dubois doesn't cover the universe.  Sarah Klahn is

20 also on, and she'll be covering the other depositions

21 today.  Theresa Barfield is on, Mac Goldsberry is on

22 for Texas, and I believe there are a couple of other

23 people, but to be honest with you, I'm not certain who

24 they are.  But if anybody else, either at my firm or

25 representing Texas wants to make an appearance, that
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1 would be good for the record.

2               MR. DUBOIS:  Okay.  For Colorado?

3               MR. WALLACE:  Yes, this is Chad Wallace

4 for Colorado.  Also with us today is Preston Hartman.

5               MR. DUBOIS:  And we'll try and cover the

6 amici.  I don't remember who everybody is.  Let's

7 start with El Paso County Water Improvement District

8 No. 1.

9               MS. O'BRIEN:  Good morning.  This is

10 Maria O'Brien for El Paso County Water Improvement

11 District No. 1.  Also on is Renea Hicks and Dr. Al

12 Blair.

13               MR. DUBOIS:  Is there anybody on for

14 EBID?

15               MS. BARNCASTLE:  Yes.  Good morning.

16 This is Samantha Barncastle for EBID, and with me

17 today will be Gary Esslinger, the manager of the

18 district, Dr. Erek Fuchs, and Dr. Phil King.

19               MR. DUBOIS:  Okay.  City of El Paso?

20               MR. CAROOM:  Doug Caroom for the City of

21 El Paso, and with me is Daniel Ortiz, general counsel

22 for El Paso Water.

23               MR. DUBOIS:  Las Cruces and/or

24 Albuquerque Bernalillo?

25               MR. BROCKMANN:  Yeah.  This is Jim
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1 Brockmann on behalf of both amici.

2               MR. DUBOIS:  Mr. Utton, I'm blanking on

3 who you're representing.  Is it NMSU?

4               MR. UTTON:  Yes.  Good morning.  This is

5 John Utton representing New Mexico State University.

6               MR. DUBOIS:  And for the water users

7 group?

8               MS. DAVIDSON:  This is Tessa Davidson,

9 good morning, for New Mexico pecan growers.

10               MR. DUBOIS:  And are there any other

11 amici who are on that I have missed?

12                     (No response.)

13               MR. DUBOIS:  Okay.  Hearing none,

14 apparently that's everybody.

15                     ESTEVAN LOPEZ,

16 having been first duly sworn, testified as follows:

17                  E X A M I N A T I O N

18 BY MR. DUBOIS:

19     Q.   All right.  Mr. Lopez, you've been deposed

20 before in this proceeding several times.  You've --

21 you've done video depositions in this case.  I'm just

22 going to cover the very basic ground rules.  You're

23 under oath this -- as if you're testifying in a court

24 of law.  We need to try not to talk over each other.

25 Let me finish my questions, and I will try not to
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1 interrupt your answers, and we'll have a cleaner

2 record.  If you don't understand a question, please

3 ask me to clarify it, and I will try and rephrase it;

4 otherwise, I'll assume you're -- if you're answering,

5 you're understanding the question.  And because this

6 is a remote deposition, your other communication

7 devices, e-mails, texts, things like that need to be

8 turned off.  Is that all clear

9     A.   It is.

10     Q.   Let's pull up the -- the notice as a starting

11 point.

12               MR. DUBOIS:  Kayla, if you can load up

13 the 30(b)(6) U.S. notice.

14               THE VIDEOGRAPHER:  And how did you want

15 to mark this one?

16               MR. DUBOIS:  That's a good question

17 because Mr. Lopez was up to 9 or 10, but this is --

18 this is a 30(b)(6) deposition, so it is slightly

19 different.

20               MR. SOMACH:  Yes.  Mark it 1, Jim,

21 because it is a 30(b)(6).

22               MR. DUBOIS:  Yeah.  Let's go with --

23 let's mark it Lopez 30(b)(6) No. 1.

24               (Exhibit No. 1 was marked.)

25     Q.   (BY MR. DUBOIS)  All right.  Mr. Lopez, you
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1 should have on your screen what's been marked as Lopez

2 30(b)(6) No. 1.  Do you see that?  Do you have that

3 up?

4     A.   I do.

5     Q.   Okay.  And have you seen this before?

6     A.   You know, I think that I have not.

7     Q.   Okay.  All righty.  So this was not provided

8 to you by counsel?

9     A.   You know, they may have.  I -- I don't know.

10 I've seen so many documents that it's just not

11 registering with me.

12     Q.   Okay.  So you've been identified as -- as a

13 30(b)(6) witness on behalf of the State of New Mexico.

14 Do you understand that?

15     A.   I do.

16     Q.   Okay.  And do you -- do you understand what a

17 30(b)(6) deposition is?

18     A.   Well, I -- I understand it as it was

19 explained to me by my attorneys, yes.

20     Q.   And how was that explained?

21     A.   So it was -- I was told that I would be

22 answering as to the State's position on the questions

23 that I was being asked.

24     Q.   Okay.  So you understand you're testifying as

25 -- as if you were the State of New Mexico and -- and

TX_MSJ_001133

tbarfield
Highlight

tbarfield
Highlight



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 12

1 the positions that you state are going to be binding

2 on the State?

3     A.   Yes.

4     Q.   As the State's positions?  Okay.  And looking

5 at the -- if you would go to Page -- the attachment to

6 the notice, which has a listing of topics.  And my PDF

7 is -- I'm trying to get to that page of it, as well,

8 but my -- there we go.  Keep scrolling down.  I'm

9 going to try to find the appropriate PDF page number

10 here.  All right.  Go to PDF Page 11.  You got it?

11 Okay.  Now, you've been designated.  Do -- do you

12 understand what portions of this notice that you've

13 been designated to testify about?

14     A.   Yes.

15     Q.   Okay.  So my understanding is you've been

16 designated to testify about all of Topic A; is that

17 correct?

18     A.   I believe that's correct.

19     Q.   Okay.  And Topic B, except for Counterclaim

20 Nos. 5 and 8; is that correct?

21     A.   I believe that's correct.  That's --

22     Q.   Okay.

23     A.   -- that's what I understood, as well, yes.

24     Q.   All right.  And then Topic C as to the

25 Interstate -- interstate Stream Commission's policies
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1 and -- and regulations; is that correct?

2     A.   I don't -- I don't know if I was told that,

3 but I think that I can.

4               MR. WECHSLER:  Hey, Jim, that -- sorry

5 to interrupt.  I think that designation was as to the

6 Compact issues, whereas to state administration

7 issues, that will be Ms. Thacker.

8               MR. DUBOIS:  All right.  And I think

9 Mr. Lopez as the star of the ISC rules regarding that

10 topic that he can answer, that he does know the

11 subject so if we've got coverage, we can -- can and

12 will ask?

13     Q.   (BY MR. DUBOIS)  What did you do to prepare

14 for this deposition, Mr. Lopez?

15     A.   I reviewed my report -- my reports, my

16 original report from October, '19, and a rebuttal

17 report from June of this year, my supplemental report

18 from July.  The report -- I reviewed other reports

19 from New Mexico witnesses.  I reviewed transcripts of

20 my depositions, and I met with my attorneys.

21     Q.   How long did you spend in -- in preparation

22 for this deposition?

23     A.   Are you asking about how many hours or --

24     Q.   Yeah.  How much time?

25     A.   I'm not certain, but I would -- I would
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1 estimate 20 to 25 hours.

2     Q.   Did you spend any time with representatives

3 of the state other than your attorneys?

4     A.   I did have a meeting that included other

5 states.

6     Q.   Which others?

7     A.   I believe --

8     Q.   Within the state?

9     A.   I believe there was State Engineer John

10 D'Antonio, Rolf Schmidt-Petersen, Gregg Ridgley, and

11 Arianne Singer, and this was on a phone call.  Yeah.

12 I think -- I think that was it.

13     Q.   Okay.  And nobody else from the State?

14     A.   I spoke to -- to Peggy -- Dr. Peggy Barroll

15 at least one or two times.

16     Q.   Were you involved in drafting New Mexico's

17 counterclaims in this case?

18     A.   I was not.

19     Q.   Okay.  Now, you previously testified as an

20 outside independent consultant; is that correct?

21     A.   Yes.

22     Q.   And, now, you're testifying as essentially

23 the voice of the New Mexico government in this

24 deposition today, right?

25     A.   I believe that's correct, but I'm still an
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1 outside independent consultant.

2     Q.   Okay.  You're not an employee of the State?

3     A.   I am not.

4     Q.   Okay.  And does your role as a 30(b)(6)

5 deponent change any of the responses you gave in your

6 prior depositions as an expert witness?

7     A.   That's a very broad question, but I don't

8 think that it really changes any of the -- the

9 responses that I had before.

10     Q.   Okay.  So should we understand that the

11 opinions that you gave as an independent consultant

12 are the views of the State of New Mexico?

13     A.   I believe that's correct.  You know, there --

14 there may be some where some portions of the

15 depositions were done.  It's been a lot of questions

16 asked.  There may be certain questions if I were asked

17 today that I would answer in a more way.  It's just as

18 I mentioned, it's a very, very broad question here

19 you're asking me.  I don't -- unless I were asked a

20 specific question, I'm not sure that I could give you

21 a more specific answer than that.

22     Q.   Okay.  How about the -- the questions that

23 you were asked about what New Mexico's apportionment

24 is under the Compact, will those change?

25     A.   No.
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1     Q.   Okay.  Is it New Mexico's position that the

2 Rio Grande Compact is a complete apportionment of the

3 flows of the Rio Grande between the head waters and

4 Fort Quitman?

5     A.   Yes.  Excuse me.  Can I ask a question, kind

6 of a process question?

7     Q.   Sure.

8     A.   In -- in prior depositions, I've had access

9 to realtime -- the realtime transcript.  I don't have

10 that up right now.  I'm not sure if that's --

11     Q.   I think that's a good idea to get that up.

12               MR. DUBOIS:  I assume, Heather, that it

13 is the usual transcript realtime.

14               THE REPORTER:  Yes.

15               THE VIDEOGRAPHER:  Do you want to go off

16 the record to set this up?

17               MR. DUBOIS:  Yeah.  Why don't we go off

18 the record and get that up.

19               THE VIDEOGRAPHER:  The time is 9:18 a.m.

20 We're off the record.

21                      (Break.)

22               THE VIDEOGRAPHER:  The time is 9:23 a.m.

23 We're on the record.

24     Q.   (BY MR. DUBOIS)  Okay.  I think that we -- you

25 -- we were just talking about whether or not the Rio
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1 Grande Compact is complete apportionment of the flows

2 of the Rio Grande, and you said that it was.  What --

3 what does New Mexico think that a -- a complete

4 apportionment of the flows of the Rio Grande means?

5 What does that mean?

6     A.   I think that it means that all of the flows

7 that arise in the Rio Grande between the head waters

8 and Fort Quitman are divide -- are divided as between

9 the three states.

10     Q.   So was there any flow of the Rio Grande

11 between the head waters and Fort Quitman that was not

12 apportioned by the Compact?

13     A.   I cannot think of any, no.

14     Q.   Okay.  Now, you've also -- you previously

15 stated in earlier deposition that the Rio Grande below

16 Elephant Butte was fully appropriated by 1938.  Do you

17 remember discussing that in depositions?

18     A.   Yes.

19     Q.   Okay.

20     A.   Yes, I do.

21     Q.   And -- okay.  Do you still stand by the --

22 the conclusion that the Rio Grande below Elephant

23 Butte was fully appropriated in 1938?

24     A.   I do.

25     Q.   Okay.  And so that -- I just want to be clear
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1 that that's also the position of the State of New

2 Mexico then?

3     A.   That's correct.

4     Q.   Okay.  Okay.  What does it mean that the

5 river was fully appropriated?

6     A.   That means that all of the waters -- all of

7 the surface waters of the river are -- have been

8 spoken for.

9     Q.   Okay.  So all of the surface water had

10 already been allocated to existing water rights?  Is

11 that another way of saying it?

12     A.   Yes.  Let me -- let me review that.  Yes,

13 that's correct.

14     Q.   Okay.  And does that mean that any additional

15 diversions after 1938 that deplete the river would

16 take water away from existing water rights?

17               MR. WECHSLER:  Object to form.

18     A.   It would impact those water rights, yes.

19     Q.   (BY MR. DUBOIS)  All right.  If you're taking

20 water away from them, that would be a -- add adverse

21 impact of those water rights?

22               MR. WECHSLER:  Object to form.  And I

23 also think we're getting a little beyond the scope.

24               MR. DUBOIS:  No, we aren't, but he can

25 answer if he knows anyway.
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1     A.   Generally speaking, I think that's correct.

2     Q.   (BY MR. DUBOIS)  Okay.  Does the Rio Grande

3 Compact apportion water to New Mexico below San

4 Marcial?

5     A.   Yes.

6     Q.   Does New Mexico assert that it receives an

7 apportionment of water -- does New Mexico assert that

8 it receives an apportionment of water from the Rio

9 Grande below San Marcial?

10     A.   I'm not sure I understand what distinction

11 you're making between that and your prior question.

12     Q.   Okay.  When did -- when did New Mexico

13 determine that it had an apportionment of water below

14 San Marcial?

15     A.   I think when we agreed to the Compact.

16     Q.   What is New Mexico's apportionment of water

17 under the Rio Grande Compact?

18     A.   Under the Rio Grande Compact?

19     Q.   Yes.

20     A.   This is what we receive from Colorado under

21 Article 3 of the Compact at the state line, plus all

22 of the inflows that arise between the state line and

23 Elephant Butte, less our obligation to deliver water

24 into Elephant Butte under Article 4, plus 57 percent

25 of project supply below Elephant Butte, project supply
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1 being comprised of releases of usable water, inflows

2 below Elephant Butte, and return flows, returning

3 drain flows.

4     Q.   So let's -- let's -- and my question was

5 overly broad for my purposes, I guess.  So let's just

6 focus on the apportionment of water below San Marcial,

7 the apportionment of water to New Mexico below San

8 Marcial.  That's -- just focus on that and call that

9 out from the answer.  So what's the apportionment of

10 water to New Mexico below San Marcial?

11     A.   So I think this is probably the same thing,

12 but I'm going to -- I'm going to just clarify that I'm

13 referring to below Elephant Butte given that the

14 delivery point under Article 4 was changed in 1948.

15 So I'll -- I'll be responding --

16     Q.   And that's fine.  That's fine.  I understand.

17     A.   So as I -- as I answered above, and as I've

18 laid out in my reports and in questions -- in

19 responses to questions before, it is 57 percent of the

20 project supply, and that project supply being

21 comprised of releases of usable water inflows below

22 Elephant Butte and returning drain flows.

23     Q.   So do the downstream contract -- do you --

24 are you familiar with what the term downstream

25 contracts refers to?
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1     A.   I am.  Certainly as I've defined them in my

2 reports, there may -- and I think it's consistent with

3 how it's been used otherwise by others.

4     Q.   And so when you're referring to the

5 downstream contracts, what are you referring to?

6     A.   I'm referring -- in my report, I referred

7 specifically to three contracts, 19 -- I may get the

8 dates from memory, get them off, but --

9     Q.   Would it be helpful to have them in front of

10 you?

11     A.   I can look at my reports.  I have the copy of

12 my reports in front of me.  If it's all right, I can

13 refer to that if you'd like.

14     Q.   You can.  I can also -- I can also provide

15 you the contracts.

16     A.   That's fine.  So let me tell you generally,

17 it's a 1938 contract between Elephant Butte and --

18 Elephant Butte Irrigation District and Reclamation.

19 It's either 1937 to 1938, that -- that contract is,

20 and similar time frames for a contract between

21 Reclamation and El Paso County Water Improvement

22 District No. 1, and the third contract that I referred

23 to as one of the -- the downstream contracts is a 1938

24 contract between the two districts that was later

25 approved by the Department of Interior.  I believe it
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1 was in April of 1938.  Is that -- is that sufficient

2 specificity?

3     Q.   Yes.  As I said, I can provide them.  I just

4 wanted to make sure that we're talking about the same

5 things.  So do the -- do the -- do the downstream

6 contracts between the United States and EBID and

7 between EBID and EPCWID define the apportionment to

8 New Mexico?

9     A.   I think they inform the -- the apportionment

10 to New Mexico.  They don't define it as explicitly as

11 -- as -- as I've defined here in my responses to you.

12 They inform it by -- in several ways.  First of all,

13 the -- the contract between EBID and -- and EP No. 1

14 that is EPCWID has a shortage provision that is

15 specific and explicit about in times of shortage,

16 water is to be shared 57/43.  In essence, in

17 proportion to the acreage in each of the districts as

18 a total of -- a total project authorized acreages.

19 And then the -- the two contracts between Reclamation

20 and the districts specify the acreages of each of the

21 districts, the authorized acreages of each of the

22 districts.  That's consistent with that.  Those two

23 contracts also have essentially identical terms except

24 for the -- the proportion of payment that is also

25 proportionate to the acreage and so those things
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1 inform that apportionment, and in my report and in

2 responses to my prior depositions, I've explained how

3 the 57/43 that I assert is the apportionment below

4 Elephant Butte we get from a reading of the Compact

5 together with those downstream contracts and the

6 historical practice of how the project has been

7 operated up until essentially 2006.

8     Q.   So is the contract with EBID the sole means

9 for New Mexico obtaining its apportionment under the

10 Compact?

11               MR. WECHSLER:  Object to form.

12     A.   Are you referring only to that -- the

13 apportionment below Elephant Butte?

14     Q.   (BY MR. DUBOIS)  Yes.  I'm sorry.  I should

15 have been clear on that.  I apologize.

16     A.   I believe that it is, yes.

17     Q.   Okay.  Is it New Mexico's position that the

18 contracts between the United States and the two

19 districts and the contract between the two districts

20 are integrated into the Compact?

21     A.   I think what I testified is that they -- that

22 the Compact and the project are inextricably linked,

23 and the -- and the contracts are also kind of

24 inextricably linked to -- or inextricably intertwined,

25 I think is what I -- what I said in my report.  I was
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1 using some of the language that the -- that the

2 Supreme Court has used and relied on that -- on that

3 -- their findings, as well.

4     Q.   What do you mean by inextricably intertwined?

5     A.   They work together.  They work together, and

6 you can't -- you can't -- you can't read them

7 independent of one another.

8     Q.   So anything -- I'm just trying to understand

9 this.  So anything that impacts the project water

10 supply impacts the apportionment; is that correct?

11               MR. WECHSLER:  Object to form.

12     A.   Could you rephrase that?  I'm not

13 understanding what you're asking.

14     Q.   (BY MR. DUBOIS)  Well, I'm trying to

15 understand when you say that they're inextricably

16 intertwined and that they have to be read as part and

17 parcel of each other; is that correct?  Is that what

18 you're saying?

19     A.   Yes.  And I'm specifically speaking as to how

20 you -- how you make a determination as to the

21 apportionment.  Certainly, there is probably elements

22 that could be looked at independently, but -- but for

23 -- for getting to an apportionment below Elephant

24 Butte, I think you have to look at all three of these

25 -- all, I guess, four of these documents together.
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1     Q.   Okay.  And so my question was then if they're

2 inter -- interdependent and intertwined, anything that

3 affects -- is anything that affects the project water

4 supply affecting the Compact?

5     A.   So first of all, if -- I think you may have

6 just been reading what I answered earlier.  I don't

7 think that I said they were inextricably

8 interdependent.  I did they they were inextricably

9 intertwined.  And that's -- if you're asking me the

10 difference, I don't know that I -- that I can say what

11 the difference is.  But nevertheless, you asked if --

12 is anything that affects project supply also affecting

13 the Compact.  I'm not sure.  I don't know that.  I

14 don't know the answer to that.  Unless you give more

15 specificity to what you're talking about in -- in

16 anything.

17     Q.   Is there any other apportionment in the

18 Compact to New Mexico below Elephant Butte, other than

19 the water under the contract with EBID?

20               MR. WECHSLER:  Object to form.

21     A.   I think I already answered that, and I said

22 no.

23     Q.   (BY MR. DUBOIS)  Okay.  Is there any

24 apportionment of water to New Mexico below Elephant

25 Butte, other than project water that EBID is entitled
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1 to under what we've been referring to as the

2 downstream contracts?

3     A.   Again, I'm not seeing how this is different

4 than your prior question.

5     Q.   It's slightly different so please answer it.

6 Or should I just -- can I take it that the answer to

7 that is no?

8     A.   I'm rereading it.

9     Q.   Uh-huh.

10     A.   I think the answer is no.

11     Q.   Okay.  So are the -- the EBID project

12 allocation and New Mexico's apportionment under the

13 Rio Grande Compact below Elephant Butte the same?

14     A.   They are not certainly -- they are certainly

15 not since the 2008 operating agreement.

16     Q.   That's not what I asked.  Are the EBID

17 project allotment and New Mexico's apportionment under

18 the Compact below Elephant Butte reservoir the same?

19               MR. WECHSLER:  Object to form.

20     A.   Not since two thousand -- not since 2006.

21     Q.   (BY MR. DUBOIS)  You're refusing to answer the

22 question.

23     A.   I have answered the question.

24     Q.   Let me try again.

25     A.   You don't like my answer.
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1     Q.   All right.  Let's rephrase the question then.

2 Is it the Compact's intent that the EBID project

3 allotment and New Mexico's apportionment under the Rio

4 Grande Compact below Elephant Butte reservoir the

5 same?  Are they to be the same?

6     A.   Would you please -- please define project

7 allotment for me, please?

8     Q.   What EBID is entitled to receive under the

9 downstream contracts?

10     A.   In that instance, I would say yes.

11     Q.   Okay.  Are the contracts for the Rio Grande

12 project the only means provided for in the Compact for

13 distribution of New Mexico's apportionment?

14               MR. WECHSLER:  Object to form.

15     A.   Well, to the extent that you're asking that

16 -- I guess the way I would say it and I have said it

17 is that the operation of the project is the -- is the

18 -- the mechanism for effectuating the Compact

19 apportionment.

20     Q.   (BY MR. DUBOIS)  And the operation of the

21 project is pursuant to the downstream contracts; is

22 that correct?

23     A.   Generally, yes.

24     Q.   Okay.

25     A.   Or at least --
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1     Q.   So the downstream -- I'm sorry.  What?  I

2 didn't mean to cut you off.

3     A.   Or at least it was.

4               THE REPORTER:  I'm sorry.  Please repeat

5 that again.

6               THE WITNESS:  I said, "Or at least it

7 was."

8     Q.   (BY MR. DUBOIS)  Okay.  Does Texas have an

9 apportionment of water under Elephant Butte -- below

10 Elephant Butte reservoir?

11     A.   As I've testified in my reports and in my

12 depositions, my prior depositions, yes, it has an

13 apportionment below Elephant Butte.

14     Q.   And I know some of this is repetitive,

15 Mr. Lopez, but you're now -- you're now speaking for

16 the State of New Mexico as opposed to as an

17 independent contractor so they seem redundant, but I'm

18 still needing to ask you these things.  So it's fine

19 that you clarify and -- and reiterate your prior

20 testimony, but, you know, there's -- there is a reason

21 that we're covering some same ground?

22     A.   I understand.

23     Q.   So just --

24     A.   I'm simply --

25     Q.   Okay.  All right.
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1     A.   -- simply trying to -- you asked me earlier

2 if -- if my responses had changed.  They hadn't, and

3 hasn't really changed --

4     Q.   Okay.

5     A.   -- from my reports either.

6     Q.   No, and that's -- and that's fine.

7 Basically, that's what we're trying to -- to make sure

8 that we're consistent going along here, so that's --

9 that's fine.  Understand that I do appreciate some of

10 this is plowing old ground, but because of sort of

11 your -- your position in this deposition, we're going

12 to -- we're going to recover some of that.  So I'm,

13 you know, just explaining that I'm not merely doing

14 this to be obnoxious, not the only reason.

15     A.   And I'm not -- I'm not trying to be obnoxious

16 by responding by referring to --

17     Q.   No.

18     A.   -- my prior depositions or my reports.  I

19 simply want to say that it hasn't changed.

20     Q.   Okay.  And that's -- and that's fine.  So

21 just so we know that we're -- we're both on the same

22 track, so that's good.

23          So what's Texas' apportionment of the Rio

24 Grande Compact?

25     A.   47 -- excuse me.  43 percent or roughly 43
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1 percent of the project supply that arises below

2 Elephant Butte, and that is comprised of releases of

3 usable water of Caballo reservoir, inflows between

4 there and Fort Quitman, and returning drain flows.

5     Q.   So do the downstream contracts define the

6 apportionment to Texas?

7     A.   My response here would be the same as my

8 response was to -- to their relationship to -- they

9 inform the apportionment to Texas in the same way that

10 they inform the apportionment to New Mexico that I

11 described above.

12     Q.   So under the Compact, is the EPCWID project

13 allotment intended to be identical to Texas'

14 apportionment?

15               MR. WECHSLER:  Object to form.

16     A.   With the same caveats as my responses

17 earlier, that is that at least originally, yes.

18     Q.   (BY MR. DUBOIS)  Okay.  And are -- are the

19 contracts for the Rio Grande project to EPCWID the

20 only means provided for in the Compact for

21 distribution of Texas' apportionment?

22               MR. WECHSLER:  Object to form.

23     A.   I will respond again mirroring my response to

24 your similar question on EBID, and that is that it's

25 my opinion that the -- that the operation of the
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1 project is the means, the mechanism by which the

2 Compact apportionment is effectuated.

3     Q.   (BY MR. DUBOIS)  Is there any apportionment to

4 Texas under the Rio Grande Compact other than project

5 water that EPCWID is entitled to under its contracts?

6               MR. WECHSLER:  Object to form.

7     A.   I would say no.

8     Q.   (BY MR. DUBOIS)  Okay.  Does New Mexico agree

9 that groundwater pumping in New Mexico below Elephant

10 Butte dam in the Mesilla and Rincon basins for

11 irrigation and municipal and industrial uses in New

12 Mexico deplete the flows of the Rio Grande that are

13 available for diversion by the Rio Grande Project?

14               MR. WECHSLER:  Object to form; scope.

15     A.   The groundwater pumping in New Mexico does

16 impact surface supply.

17     Q.   (BY MR. DUBOIS)  Does it deplete the surface

18 supply?

19               MR. WECHSLER:  Same objection.

20     A.   I think that it does, yes.

21     Q.   (BY MR. DUBOIS)  Okay.  What obligation does

22 New Mexico have under the Compact to be sure that the

23 project water supply is not depleted or reduced by

24 non-project water users?

25     A.   I'm not sure that we have any specific
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1 obligation not to deplete or reduce project supply

2 unless -- unless there is some notice that -- that

3 there is -- that Texas is not getting its

4 apportionment.  Having said that, New Mexico does and

5 has permitted such uses to -- to require that any

6 impacts -- any such impacts would be offset since it's

7 closed the basin -- or since it's -- since it's

8 declared the basin.  Excuse me.

9     Q.   All right.  So all the development before it

10 closed the basin is ignored for purposes of

11 administration; is that correct?

12               MR. WECHSLER:  Object to form.

13     A.   No, it's not ignored, but I think that unless

14 -- unless we are put on notice that Texas is not

15 getting its apportionment, we don't necessarily have

16 to do anything about it.

17     Q.   (BY MR. DUBOIS)  So there's no obligation

18 under the -- let me rephrase that.  If pumping of

19 groundwater in New Mexico depletes the flow of the Rio

20 Grande, either directly by pulling water from the

21 river drains or by preventing water from returning to

22 the river and -- and they reduce the project water

23 supply, do those depletions to the river count against

24 New Mexico's apportionment?

25               MR. WECHSLER:  Object to form.
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1     A.   I think that it is non -- for non-project

2 uses.  If it is for non-project uses, those might have

3 to be offset, but not if it's for project uses.

4     Q.   (BY MR. DUBOIS)  Why not if it's for project

5 uses?

6     A.   Because -- well, one of the -- one of the

7 purposes of the Compact is to -- is to make the -- the

8 project viable over the long haul, and that viability

9 includes getting -- or having access to groundwater

10 for conjunctive use, and that's consistent in both

11 states.

12     Q.   Is there any limitation on New Mexico as to

13 how much surface water can be depleted by pumping in

14 New Mexico?

15               MR. WECHSLER:  Object to form.

16     A.   Are you asking about for a specific purpose

17 or just generally?

18     Q.   (BY MR. DUBOIS)  Generally.

19     A.   Well, yes, I think there is a limitation.  If

20 -- if Texas is not getting 43 percent of its project

21 supply of the project supply then I think that would

22 -- that would set the limitation.

23     Q.   But you've told me that depletions to the

24 water supply from pumping, at least for pumping for

25 project beneficiaries, does not count against the
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1 these relatively quickly, because I know we have

2 others and other depositions that we want to get into

3 today.  You indicated at the beginning of Mr. Dubois'

4 questions that you understood that you were testifying

5 as if you were New Mexico; is that correct?

6     A.   Yes.

7     Q.   That's the difference between your

8 depositions that were taken as an independent expert

9 versus your 30(b)(6) deposition that's being taken

10 here today, you understand that distinction; is that

11 correct?

12     A.   Yes, that's correct.

13     Q.   Okay.  And so when I refer to you in this

14 deposition, I'll try to distinguish between your prior

15 depositions and your reports versus your speaking for

16 New Mexico and so do you understand that when I use

17 the word "you" in this deposition, I'm referring to

18 the State of New Mexico?

19     A.   I will try and keep that in mind.

20     Q.   Okay.  And I'll remind you if there appears

21 to be any confusion.  Is it your opinion that actions

22 by New Mexico are having -- with respect to -- to

23 actions below Elephant Butte reservoir are having no

24 injury, they're not injuring Texas in any respect?

25     A.   I guess to the extent that you're asking in
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1 any given year, I don't know the answer in any given

2 year.  I think if you look at things cumulatively

3 through, let's say, I think from '85 through 2017, I

4 would say that, yes, there's -- there's been no injury

5 to Texas.

6     Q.   And under the same qualification you just

7 made, are you saying that the converse or the contrary

8 is true with respect to Texas' injury to New Mexico,

9 that, in fact, over that period of time, Texas'

10 actions have injured New Mexico's rights under the

11 Compact?

12     A.   So I -- let me just answer the question fully

13 just so that -- I believe that during that same time

14 period, Texas' actions have injured New Mexico.

15     Q.   Okay.  Does groundwater have any -- anything

16 to do at all with the 1938 Compact apportionment?

17     A.   No.  Other than I would say that the Compact

18 allows the conjunctive use of that groundwater.

19     Q.   And -- and what do you refer to with respect

20 to the Compact that gives rise to that answer?

21     A.   Well, again, I'm -- I'm referring to

22 documents that were contemporaneous with the Compact

23 and -- and -- and the practice that has happened since

24 -- since then up until now.  The specific document

25 that I -- that I would refer to there is the rules and
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1 regs of the -- of the -- of the Compact commission.

2     Q.   Are you referring, when you say this, to the

3 rules and regulations or other historic documents that

4 relate to the fact that except as provided for in the

5 Compact, each state is allowed to fully develop their

6 water resources, is that -- is that what you're

7 talking about?

8     A.   Yes.  That's paraphrased, but yes.

9     Q.   Okay.  And --

10     A.   And then the other -- the other aspect of it

11 that I was referring to has been the historic practice

12 that has -- that has come about since the Compact was

13 signed.

14     Q.   Okay.  Let's -- let me look upstream a little

15 bit here above Elephant Butte just to understand and

16 provide some context for that.  Are there any limits

17 on Colorado's ability to develop its upstream

18 resources within the Compact, is there any Compact

19 limit on what they can do in terms of -- of developing

20 water upstream.

21          MR. WALLACE:  Object to form?

22     A.   I think there are, and specifically, I think

23 that they are able to develop their -- their upstream

24 resources as long as they continue to meet their

25 obligations under Article 3 and -- and then there's
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1 other limitations in terms of the storage of water in

2 post-Compact reservoirs, I think, in their instance,

3 it's post '37 reservoirs, but other than that, you can

4 develop their resources.

5     Q.   And I think we -- we may have talked about

6 this in one of your prior depositions, but those

7 limitations are to ensure that depletions in Colorado

8 would be -- it seems what existed in 1938; is that

9 correct?

10          MR. WALLACE:  Object to form.

11     A.   I think that's largely -- largely correct.

12 Mr. Somach, can I ask you to speak up just a little

13 bit?  I'm having a little bit of trouble hearing you

14 as you ask your questions.

15     Q.   (BY MR. SOMACH)  I will -- I will try to speak

16 up and get closer to my microphone here.

17     A.   Thank you.

18     Q.   Now, with respect to development above

19 Elephant Butte reservoir, to the extent that there are

20 limits on what New Mexico can do in terms of

21 developing full water resources above Elephant Butte,

22 is that also similarly limited to -- to depletions

23 that would have existed at -- in 1938?

24     A.   I think that's correct.  I think there's

25 reference in New Mexico -- in New Mexico's case to
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1 depletions as of 1929.  I think there's a couple of

2 references to that, one with regard to reservoirs

3 built after '29, and then a second for the -- in the

4 resolution -- the 1948 resolution that changed the --

5 our delivery point from San Marcial to Elephant Butte,

6 I think there's also -- depletions above Otowi have to

7 be constrained to 1929, and if they're not, then you

8 have to make an adjustment as between above Otowi and

9 below Otowi.

10     Q.   1929 was the date of the temporary --

11 so-called temporary contract among Colorado, New

12 Mexico, and Texas; is that -- is that correct?

13     A.   The temporary Compact, correct?  Is that --

14     Q.   I said contract.  I meant Compact.

15     A.   Yeah.  Yes.  That's correct.

16     Q.   Were New Mexico's ability to develop -- fully

17 develop its water resources below Elephant Butte

18 Reservoir also constrained by ensuring that depletions

19 below Elephant Butte reservoir did not exceed that

20 which existed in 1938?

21     A.   I don't think those are similarly

22 constrained, no.

23     Q.   Okay.  So -- and here, I'll -- I'll separate

24 out New Mexico from Texas below Elephant Butte.  So

25 New Mexico -- Colorado was constrained by the
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1 depletions that existed as of 1938 in its delivery to

2 New Mexico, and New Mexico was constrained in terms of

3 its deliveries into Elephant Butte reservoir based

4 upon depletions that existed in 1938, but New Mexico

5 below Elephant Butte reservoir is not constrained by

6 depletions that might have existed in 1938; is that --

7 is that what you're saying, that there's a distinction

8 between the obligations above Elephant Butte and those

9 that exist below Elephant Butte?

10               MR. WALLACE:  Object to form.

11     A.   I think that's correct.  There is a

12 distinction.

13     Q.   (BY MR. SOMACH)  And explain to me that

14 distinction.

15     A.   There is no constraint below Elephant Butte.

16 There is no 1938 -- in my report and in response to

17 previous depositions, I -- I've responded about the

18 '38 condition -- depletion condition.  That's --

19 that's what I was talking about.  There is -- there is

20 no -- there is no such condition placed in the Compact

21 for the section below Elephant Butte.

22     Q.   Let -- let me clarify something here, and

23 that is -- and this is the distinction between you as

24 the State of New Mexico and you as Estevan Lopez,

25 independent expert.  You've written a number of expert
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1 reports that have been disclosed and submitted in this

2 case; is that correct?

3     A.   I have.

4     Q.   How many reports have you -- have you written

5 in this case?

6     A.   I guess three, and then the third one has a

7 second edition.

8     Q.   Okay.  And that -- the last report was what

9 we got earlier this week, I think; is that correct?

10     A.   That's correct.  That's the second edition of

11 the supplemental.

12     Q.   Okay.  Those reports all have opinions within

13 them; is that correct?

14     A.   They do.

15     Q.   Do you, as New Mexico, have a -- a different

16 view with respect to the opinions that you rendered in

17 -- that -- that Estevan Lopez rendered in his reports

18 that Estevan Lopez did with respect to those opinions?

19 In other words -- let me try to say that better.

20          I'm just trying to figure out if -- if you,

21 as New Mexico, concur with all of the opinions that

22 were rendered in the Estevan Lopez expert reports.

23 I'm hoping that that will shorten things up because

24 we've asked you about all of those things, and I'm

25 just trying to figure out if that's the case?
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1     A.   I, as New Mexico, concur with the opinions

2 expressed by I, as Estevan Lopez.

3     Q.   Okay.  And presumably, to the extent that

4 questions were asked of you in depositions, you, as

5 the State of New Mexico, concur with the answers you

6 gave to those questions when you were acting as

7 Estevan Lopez, expert witness; is that correct?

8     A.   Yes.  That's generally correct.  As I

9 mentioned earlier with Mr. Dubois, I think there was a

10 lot of questions, and I might answer some of those

11 questions with a bit of different nuance, answering on

12 behalf of the State of New Mexico.

13     Q.   And why -- why is that?  Why would it -- why

14 would your answers be more nuanced for the State of

15 New Mexico than when you responded to those same

16 questions on behalf of the -- of the -- on your own

17 behalf?

18     A.   Well, I think -- I think even -- even from my

19 very first deposition, I've -- just speaking as -- as

20 Estevan Lopez, I think my understanding has evolved

21 somewhat over time of various aspects of things, and

22 -- and that continues into today as -- as I speak for

23 the State of New Mexico.

24     Q.   Okay.  So -- so it's just the evolution over

25 time of the more you've thought about these things,
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1 the little variation, it's nothing more systemic, more

2 -- more substantive than just that evolution; is that

3 correct?

4     A.   I think that's correct.  I think as a result

5 of your questions and those of other lawyers, I

6 certainly have thought about things much in more

7 detail than I have as I wrote these things initially.

8     Q.   Now, you referred to, I think, three

9 contracts as defining the apportionments of the

10 relative apportionments below Elephant Butte and to --

11 to Texas and to New Mexico, and those were the two

12 1937 contracts between the districts and the United

13 States, plus the 1938 contract among the United

14 States, EP No. 1, and EBID; is that correct -- is that

15 correct?

16     A.   That's generally correct.  I did not say that

17 they define the apportionments.  I said they inform

18 the apportionments along with the Compact and with

19 historic practice.

20     Q.   That's -- actually, you've -- you've --

21 you've hit on the exact question, whether you knew it

22 or not, that I wanted to ask.  I don't understand what

23 the word inform means in the context of that response.

24 I simply don't know how you're using it there so

25 perhaps you can explain the difference between
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1 something informing and -- and something being the

2 apportionment?

3     A.   I'll do my best.  What I mean is, you know,

4 I've said in -- in my reports, my Estevan Lopez

5 reports, that -- that the Compact is not explicit as

6 to how it apportions water.  Well, nor -- the -- those

7 downstream contracts are not explicit that way either.

8 They don't say New Mexico gets 43 percent of the water

9 from the project, and Texas gets -- or New Mexico gets

10 57 percent, and Texas gets 43 percent.  Rather,

11 there's other elements that -- that we read together

12 with the Compact with other historical documents from

13 the time and the practice that evolved from that to

14 come to the conclusion that the apportionment is

15 57/43.  That's what I meant by saying that it informs

16 that.

17     Q.   So do you start with those contracts?  Is

18 that the place you start and then there is -- I mean,

19 the contracts provide certain specific things, don't

20 they?

21     A.   They do provide certain specific things.  I

22 start with the Compact first, and -- and then the --

23 then I look to the -- to the contracts, which were

24 essentially contemporaneous with the Compact.  I think

25 they were probably at the fore of everybody's thinking
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1 what the something is.  So let's -- let's begin back

2 in 1938 when the Compact was executed.  I understand

3 we won't call it a 1938 condition in the way you've --

4 you've disagreed with it, but certainly there was a

5 physical setting in 1938 upon which you could make the

6 57/43 allocation, and it included as you said usable

7 water that's released from the reservoir.  It included

8 return flows.  It include -- included other

9 accretions, and it presumably, it subtracted

10 depletions.  Is that more or less what would have

11 occurred in 1938?

12               MR. WECHSLER:  Object to form.

13     A.   I don't believe that it subtracted the

14 depletions.  I think there was a defined what was

15 referring to as a normal release, 790 up to, you know,

16 790 usable water that potentially could be used and --

17 and that the -- that based on the historical hydro--

18 hydro-graphical information that they had, they felt

19 would get them a full supply.  In fact, the full

20 supply that they've used and delivered has been based

21 on releases less than 790, and so as far as I know, I

22 don't think that there was ever any subtraction of

23 depletions.  There was, though, an expectation that

24 790 would yield a full supply, and to my

25 understanding, it always has, and less than that has
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1 yielded a full supply, as has been defined by the

2 project.

3     Q.   (BY MR. SOMACH)  Well, I think you -- you also

4 said, though, that groundwater pumping, which is --

5     A.   I'm sorry.  I'm having trouble hearing you

6 again.

7     Q.   I think you've also said that groundwater

8 pumping, which is a -- a condition of depletions has

9 increased over time and that that increase in

10 depletion has affected flow in -- in -- in the river.

11 I think you said that?

12     A.   Well, you know, I think -- I think I probably

13 did say that, but let me put some fine point -- finer

14 points on that.  It certainly increased pretty

15 dramatically in the '50s from essentially no

16 groundwater pumping, for project purposes, to pretty

17 substantial project -- groundwater pumping.  Then we

18 have a period of full project supply where groundwater

19 pumping was greatly reduced in the early 2000s,

20 2003/2004, again, groundwater pumping went up pretty

21 dramatically, but not -- not appreciably more than

22 what we had that we experienced in the '50s.  It did

23 go up appreciably after the 2006 and the 2008

24 operating agreement where New Mexico's surface water

25 allotments were dramatically reduced as a result of
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1 the operating agreement.

2     Q.   To the extent that -- that losses exist in

3 the system, do they -- do they reduce the amount of

4 surface water that -- that is available for

5 application of consumptive use in the project?  And

6 here, I'm not -- I'm not distinguishing between --

7 between New Mexico project lands and Texas project

8 lands.  I'm just asking the general question of

9 whether losses affect the amount of water that can be

10 applied and consumed by crops?

11               MR. WECHSLER:  Object to form.

12     A.   So certainly, losses reduce the amount of

13 water.  If there were no loses, there would be more

14 water available.  We could build up -- keep a lot more

15 water in the reservoir, wouldn't have to call -- call

16 for as much water.  But the project -- you know, the

17 project anticipated that.  Every project has losses,

18 and this one is no different.

19     Q.   (BY MR. SOMACH)  If losses are greater in one

20 year than they were in a prior year, with everything

21 else being equal, that is the amount of -- of usable

22 water released from the reservoir, if -- if losses are

23 greater in one year than another year, will that

24 result in less water available for actual application

25 to -- to irrigated lands?
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1               MR. WECHSLER:  Form and foundation.

2     A.   It depends.  It depends.  I mean, certainly

3 losses probably vary every year.  I doubt that they're

4 ever exactly the same from one year to the other.

5 But, you know, if you have a full supply period, you

6 might have very -- very high losses and still there's

7 absolutely no reduction to -- to the project users.

8 So that's a -- you're going to need a lot more

9 information before you can answer that question.

10     Q.   (BY MR. SOMACH)  I think you said, and

11 actually, I wrote this down from the realtime.  I

12 think you said, "I'm not sure that New Mexico has any

13 specific obligation not to deplete or reduce project

14 supply."  Do you recall saying that?

15     A.   You're talking about earlier today?

16     Q.   Yeah.

17     A.   Yeah.  I think -- I think that I did say

18 that.

19     Q.   I think you said that you -- you qualified

20 that by saying unless you have notice, and I think at

21 the very end of Mr. Dubois' questioning, you suggested

22 that the complaint itself in this case was -- was

23 notice; is that correct?

24     A.   I did.

25     Q.   Do you, State of New Mexico, think that you
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1 have a obligation not to deplete or reduce project

2 supply if you -- if you know that your actions are

3 depleting project supply?

4               MR. WECHSLER:  Object to form.

5     A.   Again, I -- I don't -- I don't think that we

6 -- if -- if our actions are such that were depleting

7 the project supply and Texas is not getting their

8 apportionment and they let us know and, yes, in fact,

9 we verify it, yes, I think we have to do something

10 about it.

11     Q.   (BY MR. SOMACH)  Yes.  But you added something

12 to that in that if they let us know.

13     A.   Right.

14     Q.   What happens if you know but Texas hasn't

15 provided you whatever you are talking about in terms

16 of notice?

17     A.   I'm sorry?  I -- let me -- let me read this.

18 I'm having trouble hearing you.

19     Q.   I'm sorry.  You -- you qualified your answer

20 to the last question with "if Texas lets us know."

21 What happens if Texas doesn't provide you notice, but

22 nonetheless, you are aware that you are depleting

23 supplies that otherwise would be going to Texas?  Do

24 you have an obligation if you know that that's what's

25 happening?
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1     A.   I would say no, not if we're depleting

2 supplies, but rather if Texas is not getting its

3 apportionment, then we have an obligation.

4     Q.   Even if Texas hasn't provided you notice?

5     A.   If we know about it, I would say yes.

6     Q.   Does the Compact treat lands apportioned

7 water in New Mexico the same way as it treats lands

8 apportioned water in Texas?

9     A.   I'm -- I'm puzzled by -- by your -- your

10 question asking about how the Compact treats lands.

11 What -- what are you getting at?  Perhaps you can

12 expand on that.

13     Q.   What I'm looking for or what I'm asking is

14 whether or not the -- the Compact apportionment treats

15 New Mexico below Elephant Butte the same as it treats

16 the apportionment to Texas below Elephant Butte

17 reservoir.  Is there any distinction made in the

18 Compact?

19     A.   In my estimation, no.  I believe that both

20 should be treated -- that the Compact should -- treats

21 both equally.

22     Q.   Okay.  Let me look -- I want to be -- I want

23 to be done, actually.  I want to in the worst possible

24 way be done, but hold on a second.  I think you

25 indicated earlier that the historic operations of the
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1 project, since 1938, are an element of understanding

2 New Mexico's apportionment; is that -- is that

3 correct?

4     A.   I -- I think they're an element of

5 understanding both states' apportionment, yes.

6     Q.   Are there any specific years after 1938 that

7 one looks to or is it the entire universe of years

8 from 1938 to price of time that one -- or at least in

9 2006 that one looks to?

10     A.   I would look at the entire period between '38

11 and 2006, but recognizing that in the very first few

12 years, through the '40s, there was kind of a unique

13 situation, one was an abundance of supply.  I think

14 that everybody was still getting used to -- used to

15 operating under a Compact and what that meant, and

16 finally, not until the late '40s and into early -- the

17 1950s, did they -- did Reclamation specifically start

18 really focusing in on tightening up its operation to

19 make sure that in less than full supply years, they

20 were allocating or apportioning water consistently.

21     Q.   Well, can you point to any specific years

22 after 1938 where they got it right versus other years

23 where they got it wrong?

24     A.   You know, no, that -- that -- I prefer not to

25 do that.  I'd rather look at kind of the entire time
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1 frame and, you know, this is a lot of what Dr. Barroll

2 did for us.  She -- she tracked how much was delivered

3 to each district year by year, and under different

4 operations regimes and -- and largely, as I said, if

5 we just kind of remove the '40s from the '50s through

6 '78 is pretty consistent.  Largely 57/43, then after

7 '78, D1/D2, that was meant to -- that was a mechanism,

8 frankly, to try and repeat what had happened before

9 under the control of three different entities as

10 opposed to a single entity, and largely, it

11 accomplished that, and the districts, by and large,

12 got 57/43.  Not until 2006 did that really start

13 changing.

14               MR. SOMACH:  Okay.  I don't -- I don't

15 have anymore questions.

16               THE WITNESS:  Am I done?

17               MR. SOMACH:  I don't know.

18               MR. DUBOIS:  Not quite.  Not quite.

19 I've got literally one follow-up question, and I don't

20 know if anybody else is going to have any questions or

21 not so I'll just ask my one follow-up question, and

22 we'll work from there and see if anybody else has any

23 questions.

24

25
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1        S I G N A T U R E   O F   W I T N E S S

2

3     I, ESTEVAN LOPEZ, solemnly swear or affirm under

4 the pains and penalties of perjury that the foregoing

5 pages contain a true and correct transcript of the

6 testimony given by me at the time and place stated

7 with the corrections, if any, and the reasons therefor

8 noted on the foregoing correction page(s).

9

10

              _______________________________

11               ESTEVAN LOPEZ

12

13

14

15

16 Job No. 65405

17

18

19

20

21

22

23

24

25
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1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3

4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10

THE STATE OF TEXAS :
11 COUNTY  OF  HARRIS :
12     I, HEATHER L. GARZA, a Certified Shorthand
13 Reporter in and for the State of Texas, do hereby
14 certify that the facts as stated by me in the caption
15 hereto are true; that the above and foregoing answers
16 of the witness, ESTEVAN LOPEZ, to the interrogatories
17 as indicated were made before me by the said witness
18 after being first remotely duly sworn to testify the
19 truth, and same were reduced to typewriting under my
20 direction; that the above and foregoing deposition as
21 set forth in typewriting is a full, true, and correct
22 transcript of the proceedings had at the time of
23 taking of said deposition.
24          I further certify that I am not, in any
25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6          That the amount of time used by each party at
7 the deposition is as follows:
8          MR. SOMACH - 00:48:35

         MR. WECHSLER - 00:00:00
9          MR. DUBOIS - 02:02:47

         MR. WALLACE - 00:00:00
10          MS. O'BRIEN - 00:13:01

         MS. BARNCASTLE - 00:00:00
11

12          GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
this, the 7th day of October, 2020.

13

14

                    _____________________________
15                     HEATHER L. GARZA, CSR, RPR, CRR

                    Certification No.:  8262
16                     Expiration Date:  04-30-22
17

Worldwide Court Reporters, Inc.
18 Firm Registration No. 223

3000 Weslayan, Suite 235
19 Houston, TX 77027

800-745-1101
20

21

22

23

24

25
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1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3
4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10
11 ******************************************************
12            ORAL AND VIDEOTAPED DEPOSITION OF
13                      RYAN SERRANO
14                   FEBRUARY 26, 2019
15 ******************************************************
16

      ORAL AND VIDEOTAPED DEPOSITION of RYAN SERRANO,
17 produced as a witness at the instance of the Plaintiff

State of Texas, and duly sworn, was taken in the
18 above-styled and numbered cause on February 26, 2019,

from 9:23 a.m. to 3:29 p.m., before Heather L. Garza,
19 CSR, RPR, in and for the State of Texas, recorded by

machine shorthand, at the RAMADA HOTEL & CONFERENCE
20 CENTER BY WYNDHAM LAS CRUCES, 201 East University

Boulevard, Las Cruces, New Mexico, pursuant to the
21 Federal Rules of Civil Procedure and the provisions

stated on the record or attached hereto; that the
22 deposition shall be read and signed.
23
24
25
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1               A P P E A R A N C E S
2

FOR THE PLAINTIFF STATE OF TEXAS:
3

    Mr. Francis M. Goldsberry II
4     SOMACH SIMMONS & DUNN, PC

    500 Capitol Mall, Suite 1000
5     Sacramento, California 95814

    (916) 446-7979
6     mgoldsberry@somachlaw.com
7

FOR THE DEFENDANT STATE OF COLORADO:
8

    Mr. Chad Wallace
9     COLORADO DEPARTMENT OF LAW

    1300 Broadway, 7th Floor
10     Denver, Colorado 80203

    (720) 508-6281
11     chad.wallace@coag.gov
12

FOR THE DEFENDANT STATE OF NEW MEXICO:
13

    Mr. David A. Roman
14     ROBLES RAEL ANAYA

    500 Marquette NW, Suite 700
15     Albuquerque, New Mexico 87102

    (505) 242-2228
16     droman@roblesrael.com
17     -and-
18     Ms. Shelly L. Dalrymple

    STATE OF NEW MEXICO
19     SPECIAL ASSISTANT ATTORNEY GENERAL

    130 S. Capitol Street
20     Concha Ortiz Y Pino Building

    Santa Fe, New Mexico 87504
21     (505) 827-6150

    shelly.dalrymple@state.nm.us
22

    -and-
23

    MR. L. Christopher Lindeen
24     ATTORNEY AT LAW

    Post Office Box 2508
25     Santa Fe, New Mexico 87504
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1     -and-
2     Mr. Michael A. Kopp (via telephone)

    Ms. Lisa M. Thompson (via telephone)
3     TROUT RALEY

    1120 Lincoln Street, Suite 1600
4     Denver, Colorado 80203

    (303) 861-1963
5     mkopp@troutlaw.com

    lthompson@troutlaw.com
6
7 FOR THE UNITED STATES:
8     Mr. James J. Dubois

    U.S. DEPARTMENT OF JUSTICE
9     999 18th Street, Suite 370

    Denver, Colorado 80202
10     (303) 844-1375

    james.dubois@usdoj.gov
11

    -and-
12

    Ms. Shelly Randel
13     U.S. DEPARTMENT OF THE INTERIOR

    1849 C Street NW
14     Washington, DC 20240

    (202) 208-5432
15     shelly.randel@sol.doi.gov
16

FOR ELEPHANT BUTTE IRRIGATION DISTRICT:
17

    Ms. Samantha R. Barncastle
18     BARNCASTLE LAW FIRM, LLC

    1100 South Main, Suite 20
19     Las Cruces, New Mexico 88005

    (575) 636-2377
20     samantha@h2o-legal.com
21

FOR THE EL PASO COUNTY WATER AND IMPROVEMENT DISTRICT:
22

    Ms. Maria O'Brien
23     MODRALL SPERLING ROEHL HARRIS & SISK, P.A.

    500 Fourth Street N.W.
24     Albuquerque, New Mexico 87103

    (505) 848-1800
25     mobrien@modrall.com
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1 FOR NEW MEXICO PECAN GROWERS:

2     Ms. Tessa Davidson (via telephone)

    DAVIDSON LAW FIRM, LLC

3     Post Office Box 1278

    Corrales, New Mexico 87048

4     (505) 792-3636

    ttd@tessadavidson.com

5

6 FOR NEW MEXICO STATE UNIVERSITY:

7     Mr. John W. Utton (via telephone)

    UTTON & KERY, P.A.

8     Post Office Box 2386

    Santa Fe, New Mexico 87504

9     (505) 699-1445

    john@uttonkery.com

10

11 VIDEOGRAPHER:

12     Ms. Brandi Pate

13

ALSO PRESENT:

14

     Mr. Erek Fuchs

15

16

17

18

19

20

21

22

23

24

25
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15  EXHIBIT NO.68                                      84

    Memorandum dated January 29, 2019
16
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21
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1  EXHIBIT NO.73                                     103

    Memorandum dated January 29, 2019

2
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1               THE VIDEOGRAPHER:  My name is Brandi

2 Pate representing Veritext.  The date today is

3 February 26th, 2019, and the time is approximately

4 9:23 a.m.  The deposition is being held at Ramada

5 Hotel located at 201 East University Avenue, Las

6 Cruces, New Mexico 88005.  The caption of this case is

7 State of Texas versus State of New Mexico and State of

8 Colorado.  This case is being held in the Supreme

9 Court of the United States, Case No. 220141.  The name

10 of the witness is Ryan Serrano.

11               At this time, the attorneys present in

12 the room and everyone attending remotely will identify

13 themselves and the parties they represent.

14               MR. GOLDSBERRY:  Francis Goldsberry.

15 I'm with the law firm of Somach Simmons & Dunn, and I

16 represent the State of Texas.

17               MR. DUBOIS:  James Dubois, U.S.

18 Department of Justice representing the United States.

19               MS. RANDEL:  Shelly Randel, Solicitor's

20 Office Department of Interior with the United States.

21               MS. O'BRIEN:  Maria O'Brien representing

22 El Paso County Water Improvement District No. 1.

23               MS. BARNCASTLE:  Samantha Barncastle

24 representing Elephant Butte Irrigation District, and

25 with me is Erek Fuchs.  He's our groundwater manager.
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1               MR. WALLACE:  Chad Wallace from the

2 Colorado Attorney General's Office.

3               MR. ROMAN:  David Roman and Chris

4 Lindeen on behalf of the State of New Mexico, and with

5 us is Shelly Dalrymple from the Interstate Stream

6 Commission.

7               THE VIDEOGRAPHER:  Our court reporter,

8 Heather Garza, representing Veritext, will swear in

9 the witness, and we can proceed.

10               (The witness was sworn.)

11               MR. GOLDSBERRY:  I think we also need to

12 have appearances on the record from the folks that are

13 on the telephone.

14               MR. UTTON:  Good morning, this is John

15 Utton representing NMSU.  We just ask that the

16 speakerphone -- the speaker microphone be close to the

17 witness.  Some of you, it's hard to hear, but if it's

18 close to the witness speaking, that would be very

19 helpful.  Thank you.

20               MS. DAVIDSON:  This is Tessa Davidson on

21 behalf of Amici New Mexico Pecan Growers.

22               MS. THOMPSON:  And Lisa Thompson and

23 Michael Kopp on behalf of the State of New Mexico.

24                      RYAN SERRANO,

25 having been first duly sworn, testified as follows:
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1                  E X A M I N A T I O N

2 BY MR. GOLDSBERRY:

3     Q.   Mr. Serrano, would you state your full name,

4 please, and spell it?

5     A.   Full name is Ryan John Serrano.  First name

6 Ryan, R-Y-A-N, middle name is John, J-O-H-N, last name

7 Serrano, S-E-R-R-A-N-O.

8     Q.   Have you had your deposition taken before?

9     A.   No, sir.

10     Q.   Were you -- have you been present during the

11 taking of the depositions of the EBID board of

12 directors and the depositions taken of the folks from

13 Las Cruces?

14     A.   Yes, I was.

15     Q.   So -- so you've observed, what, nine -- nine

16 depositions in this case so far?

17     A.   I believe that's correct, yes, sir.

18     Q.   Okay.  Let's -- let's talk about some of the

19 ground rules.  I assume you've -- well, let me not

20 assume anything.  Have you had a chance, also, to talk

21 to your counsel about the procedures that we're going

22 to be following here today?

23     A.   Yes, I have.

24     Q.   Okay.  Just a couple of reminders.  If I ask

25 you a question that you don't understand, will you
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1 tell me that you don't understand it, so that I can

2 rephrase it in a form that you can understand?

3     A.   Okay.

4     Q.   You will?

5     A.   I will, yes, sir.

6     Q.   All right.  I guess the -- the other thing

7 that I want to remind you about, and this applies to

8 both of us.  I -- we -- we need to talk one at a time,

9 so you let me ask my full question, and then I will

10 try to reciprocate by not interrupting you when you're

11 answering my question.  That way, we'll keep the court

12 reporter happy and -- and neither one of us will be

13 injured.

14          Are you -- is there any reason why you feel

15 that you can't proceed today?

16     A.   No, sir.

17     Q.   Are you currently on any medications?

18     A.   No, sir.

19     Q.   Do you have any questions about the

20 procedures that we're going to follow?

21     A.   No, sir.

22     Q.   What -- what is your date of birth?

23     A.   7/20/1987.

24     Q.   Place of birth?

25     A.   Place of birth is Las Vegas, New Mexico.
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1 process for enforcement, which is -- is laid out in

2 what's called the Supplemental Metering Order, and

3 that's State Engineer Order No. 180.  So for us as

4 assistants, that would have been to identify the

5 illegal use, document it appropriately in a field

6 inspection, and attach a red tag notice of

7 noncompliance to that particular point of diversion.

8     Q.   And what was the next step in the process?

9     A.   After that, we would generate -- from our

10 field notes, we would generate a electronic copy of

11 the field report.  That would be turned over to the

12 water master, and the water master would have to then

13 generate an official notice, a certified letter that

14 would go out to the owner, and that had to happen

15 within five days of the red tag.  And from there, the

16 water master would take over following through with

17 that enforcement action.

18     Q.   Okay.  How many such enforcement actions were

19 you involved with during the three years that you were

20 an assistant water master?

21     A.   Several hundred, I'd say.

22     Q.   And all of those investigations were

23 documented in writing?

24     A.   Yes, sir.

25     Q.   Were the written reports that you made out
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1 with regard to those investigations maintained here in

2 Las Cruces?  Let me withdraw that question, see if I

3 can make it a little clearer.

4          The written reports that you've referred to,

5 you said that they were transmitted to the water

6 master electronically.  Were they also maintained in

7 written form?

8     A.   From our field notes, we would generate a

9 digital copy of the report.  A copy would be printed

10 and placed in the meter file, and we could also house

11 an electronic copy on our server here at the Las

12 Cruces office, but the field notes themselves would

13 have been disposed of.

14     Q.   Okay.  During the time that you were an

15 assistant water master, did you -- were you involved

16 in any way in permitting?

17     A.   No, sir.

18     Q.   During the three years that you were an

19 assistant water master, did you receive any in-house

20 training from the Office of the State Engineer?

21     A.   All that I can recall is what -- what I would

22 consider on-the-job training, job shadowing other

23 individuals, learning different systems.  We never

24 received any formal training.

25     Q.   Did you serve in the military by any chance?
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1     A.   No, sir.

2     Q.   Do you hold -- let me withdraw that and start

3 over.

4          Is the job of assistant water master

5 specifically classified as such by the State of New

6 Mexico personnel people?

7     A.   At -- at that time, there was two different

8 state personnel office classifications that would have

9 been water resource specialist basic and water

10 resource specialist operational.

11     Q.   Okay.  So when you started, were you

12 classified as basic?

13     A.   Yes, sir.

14     Q.   Okay.  And at some point, did you move up to

15 the operational classification?

16     A.   I did not move up to the operational

17 classification until 2012, when I assumed the role of

18 Lower Rio Grande Water Master.

19     Q.   And what was the specific date of you taking

20 on that position?

21     A.   The specific date, I do not recall, sir.

22     Q.   Approximately, what time of year?

23     A.   I believe it was November, 2012.

24     Q.   So you replaced Craig Cathey?

25     A.   Yes, sir.
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1     Q.   And at that time, did the State of New Mexico

2 personnel office have a job classification for the

3 position of water master?

4     A.   That was water resource specialist

5 operational.

6     Q.   So there were -- there was no particular

7 classification directed specifically at being a water

8 master?

9     A.   No.

10     Q.   That you're aware of?

11     A.   Not that I'm aware of.

12     Q.   At the time you were employed as -- as an

13 assistant water master in 2009, did you ever see a job

14 description for that position?

15     A.   Yes, sir.

16     Q.   And -- and what form was that in?

17     A.   That form would have been in what we call

18 a -- as referred to at the time as an MEP, and that's

19 management -- managing employee performance.  It was

20 annual evaluation.

21     Q.   Okay.  So this -- this performance report

22 actually listed what your duties were?

23     A.   Yes, sir.

24     Q.   Okay.  And who -- during the period that you

25 were a assistant water master, who did your
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1 performance reports?

2     A.   That would have been Craig Cathey.

3     Q.   Was anyone else involved in evaluating your

4 performance?

5     A.   Those performance evaluations are done by the

6 immediate supervisor, which would have been Craig

7 Cathey, and they are reviewed by the district manager

8 and then submitted to human resources department.

9     Q.   At some point, were you given a written copy

10 of your performance review?

11     A.   Yes.

12     Q.   What is the current relationship between the

13 district supervisor and the lower Rio Grande water

14 master?

15               MR. ROMAN:  Object to form.

16               Just not clear what you mean which type

17 of relationship.

18               MR. GOLDSBERRY:  Well, all right, that's

19 fair enough.  Let me -- let me try it a little

20 differently.

21     Q.   (BY MR. GOLDSBERRY)  As the water master

22 today, do you report to the district supervisor on any

23 subjects?

24     A.   Just -- just to clarify, when you refer

25 to "district supervisor," I believe you're speaking
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1 We sent copied of the new standards to all the well

2 drillers, and we notified them at that point if we

3 continue to see these violations, we'll start to take

4 action.  Approximately 15 businesses were notified.

5     Q.   So there is a -- I believe you testified that

6 there is a statewide group that is responsible for

7 overseeing well drillers.  Did I get that right?

8     A.   That is correct.

9     Q.   Okay.  And where's that statewide group

10 located?

11     A.   They are in Santa Fe, New Mexico.

12     Q.   And who was the head of that group?

13     A.   Currently, that is a woman by the name of

14 Jerri Pohl.  That's J-E-R-R-I, last name is P-O-H-L,

15 Pohl.

16     Q.   Are there wells within your district that you

17 know about that aren't metered that should be metered?

18     A.   There are wells within my district that I am

19 aware that are not metered that should be metered;

20 however, we have -- they're in some sort of step in

21 the compliance process to achieve that metering.

22     Q.   Are they all in the compliance process?

23     A.   All of the ones that I'm aware of, yes, sir.

24     Q.   When a permit is issued to replace a well,

25 are the wells necessarily the same size and depth of
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1 the well that's being replaced?

2     A.   No, sir, not always.

3     Q.   How frequently does that occur that the

4 replacement well is going to have a larger capacity or

5 be at a greater depth?

6     A.   I think for the most part, what we see is

7 greater depth, not necessarily larger capacity in

8 terms of casing size or -- or pump size.  Greater

9 depth, individuals trying to achieve better quality

10 water, from -- from what I've been told, from those

11 well owners.  But we also see where a well --

12 replacement well will be drilled, you know, sometimes

13 would be smaller, smaller diameter, more depth.

14     Q.   How frequent is that?

15     A.   Probably more on the order of a third of the

16 time.

17     Q.   What is meant by measuring water usage?

18               MR. ROMAN:  Object to form.

19               You can answer, if you can.

20               MR. GOLDSBERRY:  Let me withdraw the

21 question and rephrase it.

22     Q.   (BY MR. GOLDSBERRY)  I believe you testified

23 that one of your duties was measuring and reporting

24 water usage within the district.  What's involved in

25 reporting water usage?
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1     A.   Well, of course, through our -- through our

2 metering program, we track the -- we quantify -- track

3 and quantify the amount of water diverted in each

4 of -- a number of different use categories, different

5 uses such as irrigation, municipal, commercial,

6 industrial, dairy, domestic.

7     Q.   And -- and are all of those uses reported to

8 the waters database?

9     A.   Yes, sir, they are.

10     Q.   Are municipal and industrial water uses

11 recorded on the water -- waters database accessible to

12 the public?

13     A.   Yes, sir, it is.

14     Q.   Is one of your duties the curtailing of how

15 to priority diversions?

16     A.   The -- the duties, as they're described in --

17 of a -- in statute, the duties of a water master, yes,

18 sir.  Have I ever conducted that activity in my time

19 as the water master, no.

20     Q.   Okay.  Why not?

21     A.   I've never had a priority call called in my

22 district.

23     Q.   Is one of your duties the -- some sort of

24 coordination with the United States Bureau of

25 Reclamation?
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1     A.   Some -- some coordination with regard to the

2 two districts and their use of surface waters within

3 the district.  Not too frequently do we coordinate

4 with the Bureau of Reclamation directly.  I do receive

5 some e-mails from the Bureau of Reclamation with

6 regard to annual project operations from the area of

7 field office in Albuquerque, and -- and I use those

8 generally just to get a sense of where Rio Grande

9 project surface waters are within the district, and

10 that -- that gives me a good sense of where I can

11 allocate my staff's time and resources.

12     Q.   And that's the only interaction you've had

13 with the Bureau of Reclamation?

14     A.   That's the only regular interaction I have.

15 I have -- in the past, I have had the Bureau report

16 what -- what they determine -- what they categorized

17 as illegal activity to me.  They reported that -- that

18 particular incident, I think it went to the state

19 engineer and, again, that was forwarded to the water

20 rights director.  The water rights director forwarded

21 it to the manager, and the manager had me investigate.

22 That's happened a couple of times during my tenure.

23     Q.   Okay.  When was the last time?

24     A.   I want to say that was 2013 approximately.

25 2012/2013.
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1     Q.   Okay.  And this was an allegation or

2 indication by the Bureau of Reclamation that there was

3 illegal pumping going on?

4     A.   Illegal diversions off of the main stem of

5 the Rio Grande.

6     Q.   Okay.  And did you investigate that?

7     A.   I did, yes, sir.

8     Q.   And what was the result of that

9 investigation?

10     A.   We -- we found that many of the sites that

11 the Bureau had identified as illegal were not, in

12 fact, illegal, but were valid under New Mexico

13 statutes.  Some of the sites were points -- project

14 points of diversions for individuals who receive water

15 through the Elephant Butte Irrigation District, and

16 there were, in fact, a couple that were illegal, yes,

17 sir.

18     Q.   Okay.  And what was done about the illegal

19 ones?

20     A.   The illegal ones, they were, again, in

21 accordance with our -- with our process, we conducted

22 that field investigation.  We documented it

23 thoroughly, and I sent them a notice of noncompliance

24 and asked them to remove all of that equipment from

25 the banks of the river immediately.
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1     Q.   Okay.  And did you get compliance?

2     A.   Of -- of the ones that were found to be in

3 noncompliance, all but one have we achieved compliance

4 on, and that one, it went through the district court

5 process.  We had a -- a decision in district court --

6 excuse me.  My enforcement action was tracking in

7 district court, and at the same time for this

8 particular incident, there was a parallel track in the

9 lower Rio Grande adjudication that was occurring.  My

10 compliance process was held in district court in lieu

11 of a decision in the adjudication.  The adjudication

12 received favorable decision stating that that

13 individual did not have water rights or a right to

14 divert water from the Rio Grande.  That was appealed,

15 and I believe that process is still underway.

16     Q.   This investigation that you conducted in 2012

17 or 2013, was there a report written in connection with

18 the -- what you found?

19     A.   There was.  So we -- it was a bulk

20 investigation.  We looked at each and every potential

21 infraction that was brought to our attention by the

22 Bureau of Reclamation, and we documented all of that

23 in a field investigation memo that I generated.

24     Q.   And who was the field investigation memo sent

25 to?
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1     A.   From what I recall, that would have been the

2 water rights director.  That is John Romero, and

3 whoever was the state engineer at the time.

4               MR. GOLDSBERRY:  Please mark that as the

5 next exhibit in order.

6               (Exhibit No. 66 was marked.)

7               THE REPORTER:  66.

8               MR. GOLDSBERRY:  66.  Here is another

9 one.

10               MR. ROMAN:  Thanks.

11               MR. GOLDSBERRY:  Pass those around until

12 we run out.

13     Q.   (BY MR. GOLDSBERRY)  Okay.  I've had a

14 document marked as Exhibit 66.  This document bears

15 the alpha numeric notation of NM 82822 through NM

16 82827.  Have you had an opportunity to look at Exhibit

17 66?

18     A.   I have, yes, sir.

19     Q.   Do you recognize it?

20     A.   I do, yes, sir.

21     Q.   What is it?

22     A.   As it's titled, this is OSC summary regarding

23 the IBWC Rio Grande Project River Diversion

24 Investigation.

25     Q.   Okay.  And do you know who created this
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1 document?

2     A.   I did not create this document.  It's my

3 under -- it's my recollection that this was done by my

4 predecessor, Mr. Craig Cathey, but I did participate

5 in the investigations of these individual sites.

6     Q.   And does this document reference the

7 investigation that you just told me about that was

8 initiated in response to information provided by the

9 Bureau of Reclamation?

10     A.   It does, yes, sir.

11     Q.   Okay.  Okay.  And am I correct in my

12 understanding of your prior testimony that since the

13 investigation referred to in Exhibit 66, you're not

14 aware of any additional investigations that have been

15 conducted into illegal pumping?

16     A.   There -- there are additional investigations

17 that have been conducted in addition to what's shown

18 here as Exhibit 66.

19     Q.   Okay.  Tell me about those, please.

20     A.   Those additional investigations would have

21 been a follow-up to this particular information, and

22 those additional investigations would have been

23 coordinated and conducted by myself and my staff.

24     Q.   Okay.  And how were those follow-up

25 investigations documented if at all?
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1     A.   They were -- they were documented in -- in a

2 form similar to this one, but it was -- it's a report

3 that I generated in a form similar to this one, but it

4 had associated pictures and maps of all the valid and

5 illegal points of diversions.

6     Q.   When was the last time you conducted such an

7 investigation?

8     A.   The last time would have been late in 2013,

9 and we make it regular practice to go by all these

10 sites on a regular basis and make sure that they're

11 maintaining compliance.

12     Q.   And are those inspections documented

13 somewhere?

14     A.   They are, yes, sir.

15     Q.   And how are they documented?

16     A.   They're documented in paper form, along with

17 associated pictures, maps, and correspondence in the,

18 what we refer to as the meter file.

19     Q.   Okay.  So if I wanted to look at these

20 inspections, I'd have to ask for a particular meter

21 file?

22     A.   Yes, sir.

23     Q.   And how are the meter files organized or how

24 are they -- how are they titled or captioned?

25     A.   They're -- they're titled or captioned by the
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1 point of diversion number as identified in the waters

2 database.

3     Q.   Okay.

4     A.   And some of these that are -- that are what

5 the OSC considers illegal would not have an associated

6 file number or well number, point of diversion number,

7 but rather just a -- a reference name.  For example,

8 the first one on this report that's in front of me,

9 Exhibit 66, you see it's called Greenwood Tract.  We

10 would have followed suit and called that meter file

11 Greenwood Tract.

12     Q.   Okay.  Take a look at the last page, NM

13 82827, and the last bullet point on that page.  Were

14 you involved with this incident that's described here

15 regarding Dona Ana County pumping water directly from

16 the river for road maintenance?

17     A.   As -- in the capacity as an assistant water

18 master in documenting that particular infraction, yes.

19     Q.   Okay.  And how would -- how was that

20 particular infraction documented, other than the

21 notation that we see here on Exhibit 66?

22     A.   From what I recall about that incident,

23 again, we -- we went out to the site, we investigated,

24 we found county staff on site with their pumping

25 equipment.  They were instructed to stop immediately,
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1 return the water that was in the pumper truck back to

2 the river, and then we followed suit with the notice

3 of noncompliance to the county manager.

4     Q.   Are your enforcement activities coordinated

5 in any way with EBID?

6     A.   Most enforcement actions are not coordinated

7 with EBID; however, in the past, we have had a couple

8 of incidents where we have coordinated with management

9 staff at EBID.

10     Q.   Tell me about the incidents that you have

11 coordinated.

12     A.   The one that comes to mind, we refer to as

13 the Duran River pump.  The Duran River pump is a point

14 of diversion on the Rio Grande or that particular

15 individual, that water right owner, Mr. Duran, turns

16 that pump onto receive his allotment of EBID surface

17 water.  We found Mr. Duran to be utilizing that pump

18 to pump surface water out of the river outside of an

19 active delivery or an order in place with the Elephant

20 Butte Irrigation District.  Their water operations

21 individual was immediately notified, as well as the

22 EBID's manager.  I got ahold of that individual the

23 day that we found that particular infraction, and I

24 waited on site for well over an hour for him to come

25 out and shut that pump down.  I followed suit with a
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1 notice of noncompliance, carbon copied the Elephant

2 Butte district manager, and he, in turn, also sent

3 correspondence to that particular owner notifying him

4 of his violations as it relates to EBID's policies and

5 carbon copied me, and that activity has not occurred

6 again since that time.

7     Q.   How did you know that it was outside an

8 active delivery order?

9     A.   That -- that would have been what the -- the

10 phone call to the water operations manager at the

11 time.  I let him know the particular site that I was

12 at over the phone.  He checked his system, and he was

13 able to tell me at that point in time that there was

14 not an active order.

15     Q.   Why -- what -- aroused your suspicion to make

16 that call?

17     A.   I physically saw the pump pumping water out

18 of the river.

19     Q.   Had you had prior experiences with this

20 particular pump?

21     A.   I knew it existed.  I knew it -- what its

22 purpose was.  As part of our -- our regular rotation

23 and our field work and our presence in the field, we

24 generally go by the site pretty frequently, because we

25 have a surface water monitoring location within a mile
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1 of the Duran pump.  So in driving by, that's when we

2 caught that activity.

3     Q.   Okay.  How much of your time, on average, is

4 spent -- your personal time is spent in the field

5 currently?

6     A.   Two to three days a week.

7     Q.   And how much time did your -- do your four

8 assistants spend in the field per week on average?

9     A.   On average, four to five.

10     Q.   Do you attend EBID board meetings?

11     A.   I do, yes, sir.

12     Q.   Why?

13     A.   In my role as the water master, it's

14 important for me to -- to know and understand the

15 activities of the irrigation district, their

16 allotments of surface water and any issues that they

17 might be having, like I stated previously, because it

18 gives me a really good idea of how to coordinate my

19 staff's time around the movement of surface water

20 within the district.

21     Q.   Is -- is there a particular time of year that

22 you attend those meetings?

23     A.   I attend those every month as I'm able to.

24     Q.   What other out-of-the-office meetings do you

25 attend on a regular basis?
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1     A.   None on a regular basis that I can think of.

2     Q.   And what was your reason for attending the

3 EBID depositions?

4     A.   To -- to get a -- a better understanding

5 of -- of how the depositions would be conducted and to

6 participate in a -- in a support role with the legal

7 team.

8     Q.   Have there been other activities that you've

9 been involved in -- let me withdraw that and start

10 over.

11          Did you participate in gathering information

12 in response to the request for production of documents

13 that the State of Texas made to the State of New

14 Mexico?

15     A.   I did, yes, sir.

16     Q.   What did you do in that regard?

17     A.   I produced any documents, whether that be

18 electronic or paper that were responsive to the

19 individual request for production.

20     Q.   Okay.  So you were provided with a written

21 copy or an electronic copy of the -- of the entire set

22 of requests for production?

23     A.   No, sir, not the entire set.

24     Q.   Okay.

25     A.   Just the ones that pertain to my -- my
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1 jurisdiction.

2     Q.   So how did you go about looking for

3 electronic documents that were responsive?

4     A.   Based on the question that was raised in the

5 RFP, I searched through my personal folders, through

6 our network folders for anything even vaguely related

7 to the particular topic.  General word search, and

8 then just using my own personal knowledge where some

9 of those individual electronic files might be within

10 our server.

11     Q.   Are your e-mails maintained on the server?

12     A.   Our e-mails are most definitely maintained.

13 I do not believe they are maintained on our District 4

14 server.  I think it's a larger -- it's my

15 understanding that it's a larger based platform

16 operated by the State of New Mexico's Department of

17 Information Technology.

18     Q.   And was that search for documents related to

19 your activities?

20     A.   I'm not aware of that.

21     Q.   At least you didn't do the search?

22     A.   I didn't do that, no, sir.

23     Q.   You didn't have access to that system?

24     A.   To the e-mail system, yes.

25     Q.   Okay.
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1     A.   Through my own personal e-mail, and I did --

2 some e-mails were provided as part of that RFP

3 process.

4     Q.   Do you know how long your e-mails are

5 maintained?

6     A.   No, sir, I don't know.

7     Q.   What stimulates a field check of the well?

8 Let me rephrase that question.  I don't like it.

9          What causes you to go out and do an

10 inspection of a well?

11     A.   There's -- there's a couple of different

12 things.  One -- the first would be when a meter is

13 installed on a well or a meter is replaced or

14 repaired, the owners will notify us of that activity,

15 and that would trigger an inspection on the part of me

16 and my staff.  We would go out and make sure that the

17 meter and the meter installation adheres to our

18 standards and specifications.  The second would be, I

19 think we talked a little bit about this earlier, with

20 regard to the buckslip and the standard process for

21 the water rights division.  When those approved

22 applications are forwarded through me, we'll set up an

23 appropriate meter file for that particular point of

24 diversion, and when the well log is received for that

25 particular application, we'll go out and inspect that
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1 well to make sure that all the well driller's rules

2 and regulations with regard to construction are

3 followed, the permit conditions are followed, and as

4 well as the metering conditions and all the related

5 meter requirements as stated in the lower Rio Grande

6 metering order.  So that's a second trigger.  And then

7 the third would be in the course of our day-to-day

8 activities out in the field, if we come across a well

9 that's pumping, that's diverting groundwater, my staff

10 would make a point to stop and test those meters on a

11 regular basis to ensure that they're -- they fall

12 within our acceptable accuracy range.

13     Q.   And what is that range?

14     A.   As stated in the lower Rio Grande metering

15 order, that range is plus or minus 10 percent

16 installed accuracy.  The manufacture accuracy out of

17 the box has to be plus or minus 2 percent.

18     Q.   So the -- the folks that have the meters on

19 their wells, they have an obligation to, I think you

20 told me, to report either on a quarterly or monthly

21 basis the amount of their diversions, correct?

22     A.   Correct.

23     Q.   And is that done electronically?

24     A.   It takes on several different forms.

25 Electronic is one, via e-mail.  They also send in
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1 paper copies of their meter forms to the office or

2 they fax it in.

3     Q.   Okay.  How does -- how did the faxed and

4 paper copies, how did those get entered in the

5 database?

6     A.   When they're received, our front office staff

7 date stamps those.  They hand them off to any one of

8 my four assistant water masters, and they enter that

9 data on a daily basis.

10     Q.   Okay.  So your -- your assistants are doing

11 the entry.  How many -- how many wells -- I may have

12 asked you this, but I'll ask it again anyway.  How

13 many wells are you getting metering reports on

14 currently?

15     A.   Currently, we're receiving approximately 90

16 percent of our metered wells are sending in their

17 readings, and that's as of -- as of our last quarterly

18 on that particular issue, which was run some time last

19 month.

20     Q.   So 90 percent of what sort of a total?

21     A.   Right in the range of 2,600 wells.  So 90

22 percent of the 2,600 is -- has a reading entered for

23 the last quarter of 2018.

24     Q.   I take it that will be referred to in your

25 2018 annual report, correct?
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1     A.   Yes, sir.

2     Q.   Has that been completed, your 2018 annual

3 report?

4     A.   As of today, no, sir.  I've kind of been busy

5 with RFPs.

6     Q.   Haven't we all?  So as of the last quarter of

7 2018, you've got about 260 wells that aren't sending

8 in their reports, correct?

9     A.   Approximately, yes, sir.

10     Q.   Walk me through the process of what you're

11 going to do about those folks.

12     A.   Well, the -- the process would have began

13 prior to the last quarter, so we have a standard

14 process for achieving -- or receiving those last

15 quarter meter readings.  What we do every year is we

16 send out a postcard, a reminder postcard to every

17 single owner of an actively-metered well, reminding

18 them of their obligations to submit their readings at

19 the end of the year or for every quarter for that

20 matter, and that's sent out prior to the January 10th

21 reporting deadline.  After the January 10th reporting

22 deadline, roughly two weeks after that has past, I

23 will run a query to see which readings are still

24 outstanding, and I will send a notice -- an initial

25 notice noncompliance to those owners who had not sent
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1 in the readings, and we usually -- we generally get a

2 really good response to that, and it'll bump up our

3 percentages up to 70 or 80 percent.  And from there,

4 if we still have some outstanding, what we do is we'll

5 conduct what's called a meter blitz, and the purpose

6 of the meter blitz is to acquire those meters that are

7 outstanding for the purpose of completing our water

8 master report and ensuring that we have a

9 representative sample of all the wells reporting.  So

10 from there, after that point, it would be where we're

11 at today.  If those readings are outstanding, we'll

12 send a second notice of noncompliance to those owners

13 and begin a process where -- with our administrative

14 litigation unit where we can try to seek penalties for

15 them not complying with their requirements to report.

16     Q.   When you took over the job as the water

17 master, what was the compliance rate with regard to

18 meter reporting?

19     A.   It -- it was variable at times, more in the

20 range of -- of 80 to 85 percent submittal rate.

21     Q.   Okay.  And that -- and that submittal rate is

22 documented every year in your annual report?

23     A.   Since -- since my time as the water master,

24 yes, sir.

25     Q.   Okay.  Now, what type of wells have a monthly
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1 reporting requirement?

2     A.   That would be municipal, commercial,

3 industrial.

4     Q.   How many of those wells do you have currently

5 in the district?

6     A.   I can't say that I've ever broken out that

7 particular category.  What I would consider

8 non-irrigation, which is inclusive of some of those

9 types of uses is on the order of 400 to 450.

10     Q.   So you get 400 to 450 wells that are

11 non-irrigation, and that includes municipal,

12 commercial, and industrial?

13     A.   A portion, yes, sir.

14     Q.   Okay.  What else does it include?

15     A.   It includes some metered domestic, some

16 metered multiple domestic, some ag use -- what are

17 considered ag use, which is non -- it's ag use that's

18 non-irrigation.  There would be some fish and game

19 propagation, some utilities, some subdivision, some

20 school use.  There -- there's a long list of

21 categories in the non-irrigation field.

22     Q.   And where would I find that if I wanted to

23 look for it?

24     A.   You can find that -- we try to detail that in

25 our annual water master report, but a more complete
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1 list would be available in the water rights

2 abstracting bureau, because we follow suit with their

3 codes as they're entered into the water database.

4     Q.   Okay.

5               MR. GOLDSBERRY:  Let's break for lunch.

6               THE VIDEOGRAPHER:  Off the record,

7 12:03.

8                      (Break.)

9               THE VIDEOGRAPHER:  On the record, 1:36,

10 File 4.

11     Q.   (BY MR. GOLDSBERRY)  Just before lunch or

12 shortly before lunch, you mentioned something about

13 the administrative litigation unit collecting

14 penalties for non -- noncompliance.  Are you involved

15 in the actual -- well, tell me the process.  How --

16 how do they get to the -- to the penalty stage?

17     A.   The penalties themselves are not collected by

18 the administrative litigation unit.  We -- through our

19 compliance order and action process, we will -- we'll

20 send an initial notice like we've talked about from

21 the water master, then there's a certain period of

22 time between a second notice will be sent from the

23 administrative litigation unit if the issue hasn't

24 been resolved, and if the issue continues to be

25 unresolved then we will petition district court for
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1 enforcement of an administrative compliance order.

2 Once we're in district court, we will request fines of

3 up to a hundred dollars a day per day that that person

4 has been in violation, and we will also request, you

5 know, that that specific issue be remedied, whether it

6 be the installation of a meter, the removal of

7 equipment, if it's an illegal pump, things of that

8 nature, then the Court will order that a certain

9 amount of the requested fines be paid.

10     Q.   Who actually handles that litigation?

11     A.   The Administrative Litigation Unit.

12     Q.   How much was collected in penalties in 2018?

13     A.   Oh, gosh.

14               MR. ROMAN:  Objection; foundation.

15     A.   I'm not sure.

16     Q.   (BY MR. GOLDSBERRY)  Okay.  Where would I go

17 to find out?

18     A.   The Administrative Litigation Unit would

19 have -- I believe they would have a record of how much

20 was collected in either of the districts in the state.

21     Q.   Who is -- who is in charge of the

22 Administrative Litigation Unit?

23     A.   We've had some turnover recently, and I'm --

24 to be completely honest, I'm not sure who currently is

25 the head of that department.
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1     Q.   Okay.  And they're in Santa Fe?

2     A.   They're in Santa Fe.  And that's -- that's

3 under the -- the purview of our general counsel.

4     Q.   Does the general counsel do an annual report?

5     A.   I am not aware.

6     Q.   Okay.  How do you figure out who's delinquent

7 in their meter reporting?

8     A.   So I have to use -- we run queries, and those

9 queries are developed in the Microsoft access

10 platform.  We use that as a user interface to talk to

11 the waters database to -- to extract data from the

12 waters database.  With regard to delinquent meter

13 readings, I can run queries based on a certain date.

14 So if readings hadn't been received as of today, for

15 example, I could run a report, and it would generate a

16 list of -- of all those delinquent owners and

17 readings.

18     Q.   Were any of those reports produced in your

19 recent efforts to respond to requests for production

20 from Texas?

21     A.   Yes, sir.

22     Q.   Let's talk about your annual report for a

23 little bit.  When you started as the water master, had

24 annual reports been prepared by your predecessors on

25 an annual basis?
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1     A.   I would not call them reports.  Matter of

2 fact, I think they're referred to as summaries.  The

3 previous -- my predecessors developed annual summaries

4 with some general information regarding the submittal

5 rates, the amount of water in the specific use

6 categories, how much water was diverted in each of the

7 use categories.

8     Q.   And are those annual summaries available on

9 the district's Website?

10     A.   The -- the district does not have a Website.

11 The -- the engineer's office does.  I am not aware if

12 those reports of my predecessors, those summaries, are

13 on there, but they can be -- you can get those from

14 the district office or by request.

15     Q.   Were those summaries produced in the -- in

16 response to the recent requests for production?

17     A.   I do believe they were, yes, sir.

18     Q.   What brought about the switch to an annual

19 report?

20     A.   You know, as I -- as I assumed the role of

21 the water master, I kind of reviewed my duties as laid

22 out in my job description and reviewed statute, and it

23 seemed to me that that was a critical component of

24 what my duties were, and I felt it was appropriate to

25 expand upon those summaries that were generated by my
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1 predecessors and put forth a more comprehensive and

2 detailed report that -- that would be useful not only

3 to the district, but also upper management and maybe

4 water users within the lower Rio Grande.

5     Q.   So you're the one that generated the idea to

6 go to an annual report?

7     A.   Yes, sir.

8     Q.   Okay.  And where are you on the report for

9 2018?

10     A.   For 2018, we're still -- we're still

11 compiling the data.  Like I mentioned earlier, we have

12 approximately 90 percent submittal rate at this point,

13 and I've yet to run the queries for the final

14 end-of-year data just because of my time.  I haven't

15 had a chance to do that.

16     Q.   So who actually writes the report?

17     A.   I do.

18     Q.   Does any -- are any parts of the report

19 drafted by any of your assistants?

20     A.   They do not draft any portion of the report,

21 but they will review the content at certain times.

22     Q.   And do you submit a draft to anyone for

23 review prior to its becoming available to the public?

24     A.   I will usually submit a draft to the district

25 manager, and she reviews that.  She does final review
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1 for content, completeness, and grammatical structure,

2 things like that.

3     Q.   And how is the report distributed?

4     A.   The report is distributed electronically via

5 e-mail.

6     Q.   To whom?

7     A.   To the water rights director, to the state

8 engineer, to the director of the interstate stream

9 commission, general counsel and deputy general

10 counsel, the Water Use and Conservation Bureau

11 director, what -- what I would consider to be upper

12 management.

13     Q.   Who is the water use and conservation bureau

14 director currently?

15     A.   Currently, that is Molly Magnauson.

16     Q.   Have you ever received any guidance from the

17 state engineer with regard to the format of the annual

18 report?

19     A.   No, sir.

20     Q.   How are the -- how is the -- how is the

21 annual water usage tabulated?

22     A.   Again, through those queries, we're able to

23 see each individual water right and that the

24 diversions from each of -- each of those water rights

25 points of diversion is extracted from the water
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1 database and to that access program that I discussed,

2 and we export that in the form of an Excel

3 spreadsheet.  And those -- from there, we go through a

4 process of cleaning the data to sort by categories,

5 removing duplicates, things of that nature, and once

6 everything is cleaned up, we sort -- we go through,

7 and we tabulate and run some dynamic equation

8 queries -- dynamic equations, excuse me, in Excel to

9 try to quantify the amount of water in each of those

10 use categories.

11     Q.   In your experience, what is the accuracy of

12 the water -- waters database?

13     A.   In my experience, in my tenure, I know

14 there's been at least one-third-party audit of our

15 data for three accounting periods, and that audit had

16 always reflected less than 10 percent.

17     Q.   Who performed those audits?

18     A.   That particular audit was performed by Ballew

19 Groundwater.

20     Q.   Is the water use -- is the annual water usage

21 tabulated by water right or by well or both?

22     A.   By water right.

23     Q.   If you wanted to determine how much water was

24 diverted by an OWMAN, owner management program file,

25 in a given year, how would you do that?
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1     A.   It's the same process.  It gets reported when

2 I run the end-of-the-year query.  Those all have

3 unique file numbers, the ownership management files

4 do, and their total water usage is extracted out of

5 the database when we run those queries.

6     Q.   Are the -- any of the -- any of the totals in

7 the waters database ever manually adjusted?

8     A.   As part of our quality assurance process and

9 quality check after the data has been extracted, we go

10 through, and sometimes there are some anomalies that

11 appear in those data sets where it would show

12 excessive water use for particular files or not enough

13 water use based on the averages.  So we'll go in and

14 investigate that, and sometimes it's a matter of data

15 entry error or maybe the meter readings may have been

16 submitted wrong or even some issues with the

17 abstracting process and some bugs that exist in the

18 database where maybe a file was modified or corrected

19 as part of the -- the abstracting process, and it's

20 still holding onto a point of diversion that it

21 shouldn't be holding onto or something of that nature.

22 So we try to correct all those problems.

23     Q.   And how are those corrections documented

24 if -- if at all?

25     A.   If myself and my staff was involved in
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1 correcting those, we will -- there will be either a

2 memo in the meter file or a note of the -- or the

3 adjustment.

4     Q.   Okay.

5               MR. GOLDSBERRY:  Let's mark that next in

6 order, which is --

7               MR. ROMAN:  67.

8               MR. GOLDSBERRY:  -- 67.

9               (Exhibit No. 67 was marked.)

10               MR. GOLDSBERRY:  Pass those around,

11 please.

12     Q.   (BY MR. GOLDSBERRY)  Have you had a chance to

13 look at Exhibit 67?

14     A.   I have, yes, sir.

15     Q.   And I should indicate for the record that

16 Exhibit 67 is marked NM 18261 through 18289.  And what

17 is this document?

18     A.   This document is the Lower Rio Grande Water

19 Master Annual Report for the 2017 accounting year.

20     Q.   And that's -- that's a document that you

21 authored, correct?

22     A.   Yes, sir.

23     Q.   How many of the over diverters referred to in

24 that report are still remaining as of today?

25     A.   For the -- the 2017 accounting year, it's my
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1 recollection that we achieved full compliance, and we

2 had repayment plans in place for all of the over

3 diverters that we identified.

4     Q.   Were any of them prosecuted?

5     A.   No, sir.

6     Q.   Are there over diverters that are still out

7 there from previous years?

8     A.   No, sir.

9     Q.   On Page 5 of this exhibit, "this exhibit"

10 being No. 67, at the bottom of the page, you talk

11 about an open house that was held in September of 2017

12 with EBID.  Was -- tell me about that open house.

13 What all went on there?

14     A.   In that particular accounting year, 2017,

15 there were -- there was a late adjustment to the

16 surface water allotment within EBID, and when that was

17 announced, there was concern amongst myself and my

18 staff and the OSE in conjunction with the Elephant

19 Butte Irrigation District that that late allotment --

20 late increase to the surface water allotment would

21 cause potential widespread over diversions, because

22 irrigators had irrigated early in the season with an

23 understanding of a certain amount of surface water

24 being available.  So in an effort to be proactive, we

25 had a few meetings with Elephant Butte Irrigation
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1 District.  We decided to -- we did a -- a press

2 release.  We had some notices that we developed that

3 were posted in both our office and, I believe, in --

4 in the offices of the Elephant Butte Irrigation

5 District.  We coordinated this open house where we

6 would have EBID officials present, OSE officials

7 present to answer any questions related to the

8 dynamics that we were experiencing in that year.

9     Q.   Was that open house recorded in any way?

10     A.   Recorded?

11     Q.   By video or court reporter?

12     A.   I'm -- I'm unaware if there was a video

13 recording or audio recording.

14     Q.   Were there minutes taken of the proceeding?

15     A.   I do not believe there were, no, sir.

16               MR. GOLDSBERRY:  Let's mark this next in

17 order.

18               (Exhibit No. 68 was marked.)

19     Q.   (BY MR. GOLDSBERRY)  Okay.  Exhibit 68 is a

20 two-page document annotated as NM 94847 and 94848.

21 Have you had an opportunity to review the document?

22     A.   Yes, sir.

23     Q.   And are you familiar with the document?

24     A.   I am, yes, sir.

25     Q.   And were you the author of the document?
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1     A.   I was, yes, sir.

2     Q.   And does this describe the situation you

3 previously testified to about the problem in 2017?

4     A.   It does.  If I -- if I could, there's --

5 there appears to be an error here with regards to the

6 date.

7     Q.   That was going to be my next question.

8     A.   I did not do this memorandum on July 29th of

9 2019.  I imagine when it was opened, it automatically

10 had the date repopulated.  This was done in July of

11 2017.  And to answer your question, yes, it was done

12 in response to a situation that I previously

13 described.

14     Q.   Do you attend meetings of the Pecan Growers

15 Association?

16     A.   I do not.

17     Q.   Let's talk about the owner management

18 program.  Would you describe that program for me,

19 please?

20     A.   The owner management program was derived from

21 the Stream System Issue 101 settlement agreement.

22 There's a specific provision within the agreement that

23 allows for joint ownership in management of water

24 amongst lands that are jointly owner managed.  We --

25 we were -- once we received that order -- settlement
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1 agreement and final order from the adjudication court,

2 and in turn, tried to take that to administer it, we

3 had to look at each of those provisions and develop

4 administrative strategies for handling those things,

5 and the owner management program, as it exists today,

6 is a result of that particular provision.  What it

7 does is it allows for the -- for the grouping of lands

8 that are either owned or managed by an individual, and

9 it allows for the averaging of the use of groundwater

10 and surface water across all of those lines.

11     Q.   Okay.  What are the -- what are the

12 qualifications for participation in the program?

13     A.   There's a prescribed form that any particular

14 individual has to use, and in order to participate,

15 they have to list the water right file number, the

16 hydrographic survey sub-file number, the amount of

17 acres, whether or not there was a notice of intent on

18 file for that particular water right, and there also

19 has to be a owner signature for each individual water

20 right allowing for those rights to be put in to this

21 grouping.  Other criteria before, when we're

22 entertaining all that, we're looking at those

23 groupings, we have to make sure that the water rights

24 listed are recognized water rights within -- by the

25 Office of the State Engineer, so we'll cross reference
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1 all that in our database, make sure that they're in

2 good standing with our office and that they're

3 recognized, the water rights that are listed.  And

4 then we'll go through with our WRAB bureau, and

5 they'll proceed to group all those water rights

6 together in our waters database under a unique

7 identification number.

8     Q.   Is the requirement of the program that all of

9 the properties that are brought in to a given

10 agreement be managed by a single individual?

11     A.   That's not a specific requirement, but that

12 is usually the case.

13     Q.   So it's not a requirement?

14     A.   No, sir.

15     Q.   Is there a requirement that the owners on any

16 one file have a written agreement with each other?

17     A.   That's not a specific requirement, but,

18 again, that is usually the case.

19     Q.   So what gets filed -- let's take a

20 hypothetical situation.  We've got five owners that

21 come together on -- and want to participate in this

22 program.  They fill out this form, provide the

23 information, and file it with you?

24     A.   They file it with the office with -- with me,

25 yes, sir.  Usually there's a lot of supporting
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1 documentation including lease agreements.  We require

2 maps of the lands that will be involved in the

3 ownership management agreement, and any sort of other

4 contractual things that they might have between the

5 manager and the owner, they can provide that stuff,

6 but it's not a requirement.

7     Q.   Okay.  If they do provide it, does it get

8 included in the new file that's created?

9     A.   Yes, sir.

10     Q.   And does that information all get imaged on

11 the waters database?

12     A.   That information, with regard to ownership

13 management, is not imaged.  It's housed in paper files

14 in the District 4 office.

15     Q.   Why is it not imaged?

16     A.   I do not have the answer to that question.

17     Q.   So how does a member -- does the public have

18 access to review those plans?

19     A.   Absolutely.  They can come in and see them at

20 any point in time.

21     Q.   So the only way you can see the plan is to

22 come to your office and look at the paper file?

23     A.   That's not necessarily true.  There's -- you

24 can look at the -- the particulars of the plan via the

25 waters database.  Like I said, it'll have a unique
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1 file number assigned to it.  All of the lands that are

2 included in that file, you can look at that in waters,

3 the waters database, and it'll show the grouping,

4 it'll show the total number of acres, total allowable

5 diversion, how much groundwater they pumped for the

6 year, how much surface water they've been allotted,

7 the -- the total combined between surface diversions

8 and groundwater diversions, percent diverted and how

9 much is remaining, whether that -- there's a positive

10 balance or negative balance there.  That's all

11 available in waters, available to the public.

12     Q.   Do these plans get revised on an annual

13 basis?  Let me withdraw that question.  That's not

14 really what I want to ask you.

15          Are they required to resubmit the plans on an

16 annual basis?

17     A.   At this point in time, they are not.  The

18 plans will carry through in perpetuity until there's a

19 change.  So if there's an addition or subtraction,

20 then they're required to notify us.

21     Q.   And when that happens, does the owner

22 management ship file -- owner management ship fill

23 get -- does a new file get created?

24     A.   No, sir.  That -- it retains its number.

25     Q.   Okay.
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1     A.   But a new transaction will be reflected in

2 the database where there -- you'll see there was an

3 amendment, either an addition or subtraction.

4     Q.   What happens to the files that get combined

5 in the waters database?

6     A.   Those files remain intact.  They're still

7 there.  For all intents and purposes, they're still

8 active files, only -- only the diversions and acreages

9 get removed from the removed from files into the into,

10 which is the ownership management account, for

11 accounting purposes.  None of the essential elements

12 of the water right are affected by -- by the ownership

13 management plan.

14     Q.   So the ownership management plan doesn't

15 create a new right of any sort?

16     A.   Absolutely not, no, sir.

17     Q.   Is there an approval of -- of a plan required

18 by your office?

19     A.   When the plans are submitted, I review all of

20 the plans for completeness, and on occasion, I'll

21 assign some of them to my senior staff to review to

22 make sure, as I stated earlier, that all the water

23 rights that are being proposed to be included are

24 recognized by the Office of State Engineer, and

25 they're in good standing before we'll give final
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1 approval and allow for the entry of that plan in the

2 database.

3     Q.   What do you mean they're in good standing?

4     A.   There may be, you know, an issue with a

5 particular file, if there's outstanding issues in

6 hearing or mediation or things of that nature.  We

7 don't want to affect those ongoing processes, so we

8 won't allow them at that point in time to be included.

9     Q.   Do you know if there is a similar program in

10 any of the other New Mexico districts?  And I'm

11 talking about the OWMAN program.

12     A.   From what I understand, I believe the

13 OWMAN -- the OWMAN program, as it exists in the lower

14 Rio Grande, is unique, and it does not exist anywhere

15 else.

16     Q.   Prior to that program being created as a

17 result of this settlement agreement and decree was it

18 possible to accomplish the same thing?

19     A.   There was a similar process, administrative

20 process, referred to as a combined and commingle.

21     Q.   Tell me about that process.

22     A.   Prior to 2011, the 101 settlement, an owner

23 who wanted to move water in and amongst farms that he

24 either owned or managed had to submit an application

25 for a combined and commingle, and it would follow the
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1 more traditional application process with notice and

2 application review and either permit approval or

3 denial.

4     Q.   So that process actually had to get approved

5 by the district?

6     A.   By the -- the water rights specialist, yes,

7 sir.

8     Q.   All right.

9     A.   Water right division.

10     Q.   Is that process used in other districts?

11     A.   Yes, sir.

12     Q.   Prior to this settlement agreement, was

13 the -- how frequently was the combined and commingle

14 program utilized in -- in District 4?

15     A.   I don't -- I don't have a good sense for -- a

16 good answer for that question, sir.

17     Q.   Fair enough.  You know who would?

18     A.   You -- you could run queries on the database

19 to find that exact number out.

20     Q.   Is there a fee charged to file these plans?

21     A.   No, sir.  There's no fee assessment.

22     Q.   Why not?

23               MR. ROMAN:  Object to foundation.

24               MR. GOLDSBERRY:  What's that?

25               MR. ROMAN:  Foundation.
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1               MR. GOLDSBERRY:  Foundation.

2     Q.   (BY MR. GOLDSBERRY)  Do you know why the --

3 there's no assessment levied for this filing?

4     A.   I do not.

5     Q.   Okay.  Do you know who would know?

6     A.   I -- I do not.

7     Q.   Okay.  Is there a particular process for

8 canceling one of these plans?

9     A.   We have a -- a withdraw form, so either an

10 individual water right owner who does not -- no longer

11 wants to participate in an owner management plan can

12 submit, come in and file a withdraw form, and we'll

13 promptly remove that particular water right from the

14 ownership management plan, or the manager himself can

15 file that same withdraw form to completely disband the

16 ownership management agreement.

17     Q.   Are these plans mentioned anywhere in the OSE

18 rules and regulations that you're aware of?

19     A.   Not that I'm aware of, no, sir.

20               MR. GOLDSBERRY:  Let's take a break.

21               THE VIDEOGRAPHER:  Off the record, 2:21.

22                      (Break.)

23               THE VIDEOGRAPHER:  On the record, 2:36,

24 File 5.

25               MR. GOLDSBERRY:  Mark that, please.
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1 That is?

2               THE REPORTER:  69.

3               (Exhibit No. 69 was marked.)

4     Q.   (BY MR. GOLDSBERRY)  Have you had a chance to

5 look at --

6     A.   Yes, sir.

7     Q.   -- the document that we marked as Exhibit 69?

8 This is a copy of a document entitled, "Mesilla Valley

9 Administrative Area Guidelines for Review of the Water

10 Right Applications dated January 5th, 1999."  Are you

11 familiar with this document?

12     A.   I've seen it, yes, sir.

13     Q.   Is it still being used?

14     A.   From my understanding, it is, yes, sir.

15     Q.   Have there been any efforts to update this

16 document?

17               MR. ROMAN:  Foundation.

18     Q.   (BY MR. GOLDSBERRY)  Are you aware of any

19 efforts to update this document?

20     A.   I -- I am aware that there have been some

21 efforts to update this document, yes, sir.

22     Q.   And what -- what do those consist of?

23     A.   From my understanding, there have been a few

24 meetings.  I don't know if there's been any drafts or

25 anything like that.
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1     Q.   I take it you have not been personally

2 involved with those efforts?

3     A.   No, sir.

4               MR. GOLDSBERRY:  Let's do it this way.

5 Go ahead and mark that one 70.

6               (Exhibit No. 70 was marked.)

7               MR. ROMAN:  Mac, can I grab one?

8               MR. GOLDSBERRY:  Oh, I'm sorry.  I got

9 so carried away.  Give me one.

10               MR. DUBOIS:  Oh, all right.

11               MR. ROMAN:  Thank you.

12               MR. GOLDSBERRY:  There will be a day

13 when you need to return the favor.  They always come

14 around.

15     Q.   (BY MR. GOLDSBERRY)  Okay.  Are you -- let

16 me -- let me make sure our record is clear.  The

17 document that I've just had, Exhibit -- marked as

18 Exhibit 70 is also designated as NM 76889 through

19 NM 76911.  Have you had an opportunity to look at that

20 document?

21     A.   Yes, sir.

22     Q.   And what is your understanding of what it

23 represents?

24     A.   These are the rules and regulations governing

25 the appropriation and use of surface waters in the
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1 State of New Mexico.  These are rules that are

2 promulgated in New Mexico Administrative Code.

3     Q.   Okay.  And have implementing rules within

4 promulgated in District 4 on this topic?

5     A.   These rules are statewide rules, and we do

6 apply them in District 4.

7     Q.   Okay.  That wasn't my question.  Are there

8 District 4 specific rules that take these rules and

9 regulations further and apply them specifically to

10 that district?

11     A.   Not that I'm aware of, no, sir.

12     Q.   Okay.  Are there similar rules and

13 regulations related to groundwater?

14     A.   There are, yes, sir.

15     Q.   What are the current rules dated on

16 groundwater?

17     A.   There's -- there's a set of rules regarding

18 the use of what are termed 72121 domestic wells, which

19 would, of course, be groundwater wells.  Those are

20 promulgated.  And there's some general rules for

21 underground water administration that are -- have been

22 promulgated.  Nothing specific to the lower Rio Grande

23 that I -- that I'm aware of.

24     Q.   Okay.

25               (Exhibit No. 71 was marked.)
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1     Q.   What were the particular issues in the lower

2 Rio Grande that the steering committee was trying to

3 address?

4     A.   Well, as it relates to -- to my role,

5 metering and water use implementation of the metering

6 program, the amount of groundwater being diverted, and

7 any sort of administrative enforcement or compliance

8 actions that may -- may need to be taken or have been

9 taken.

10     Q.   Was the information contained in Exhibit 72

11 included in your annual report for 2014?

12     A.   The information contained in Exhibit 72 would

13 have been a -- a more updated form of the information

14 than what was contained in my report.  The report

15 would have been generated in the spring of that year,

16 2015.

17     Q.   So 72 is more up to date than what was in

18 your 2014 report?

19     A.   Yes, sir.

20     Q.   Okay.

21               (Exhibit No. 73 was marked.)

22               MR. GOLDSBERRY:  Is that 3 or --

23               THE REPORTER:  73.

24               MR. GOLDSBERRY:  73.

25     Q.   (BY MR. GOLDSBERRY)  Okay.  Exhibit 73 is a
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1 single-page document designated by New Mexico as

2 84892.  My first question is:  Is this an accurate

3 date on this memorandum?

4     A.   It is not.

5     Q.   Okay.  Got to love computers.

6     A.   I know.

7     Q.   Databases.  Do you know when this document

8 was -- well, first of all, do you recognize this

9 document?

10     A.   I do, yes, sir.

11     Q.   And were you the author of the document?

12     A.   I was.

13     Q.   And what's your best recall of approximately

14 when you created this document?

15     A.   I don't have a good sense of when it was

16 created.

17     Q.   I suppose the original date is still in

18 your -- in your -- on your server somewhere?

19     A.   Absolutely.  Yes, sir.

20     Q.   All right.  Is this a -- a report that you

21 run for each year or a memorandum or does it just

22 depend on who the state engineer is at the time?

23     A.   It -- it does.  We -- in general, we track --

24 of course, we track this information regularly upon

25 request by either the engineer or the water rights
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1 director.  We will generate these sorts of memoranda

2 or summaries at various times of the year to -- to be

3 able to show them where we're at in the process.

4     Q.   As I understand your earlier testimony,

5 you've reconciled all prior over diversions of

6 groundwater through what year?

7     A.   Through 2017.

8     Q.   Including 2017, correct?

9     A.   Yes, sir.

10     Q.   Okay.  In the first sentence, this is -- of

11 this memo, you indicate, and I quote, "To date, water

12 master staff has mailed out 160 notices of groundwater

13 accounting for 2012 to those water right owners who

14 appear to be the most egregious diversions in need of

15 reconciliation."  How do you define "most egregious

16 diversions," as you used it in this memo?

17     A.   At that time from what I recall, an over

18 diversion that equated to a hundred-acre feet or more

19 in excess of their allowable water right.

20     Q.   I sort of asked you part of this question,

21 but I'm going to try it again.  Regarding the

22 diversion and use of surface water, diversion and use

23 of groundwater permitting wells and well metering,

24 have there been any regulations promulgated that

25 specifically apply to District 4?
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1     A.   From what I can recall, there are not.

2     Q.   Is there any form of written guidance on any

3 of those subjects that pertain specifically to

4 District 4?

5     A.   The Mesilla Valley Administrative Guidelines,

6 which is Exhibit 69 here.

7     Q.   Right.  Anything else?

8     A.   As far as promulgated rules, no.

9     Q.   Are there any rules being currently talked

10 about that you're aware of on those subjects?

11     A.   Yes, sir, there are.

12     Q.   Tell me about that.

13               MR. ROMAN:  To the extent the question

14 calls for discussion of anything that's being talked

15 about in conjunction with legal counsel, that would be

16 privileged.  I'm going to instruct the witness not to

17 get into that area.

18               MR. GOLDSBERRY:  Fair enough.

19     Q.   (BY MR. GOLDSBERRY)  Do you understand the

20 limitation on your ability to answer my question?

21     A.   I do.

22     Q.   Okay.  Answer it, please.

23     A.   There's -- there's discussion ongoing about

24 district-specific rules.

25     Q.   And who, other than your counsel, and other
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1        S I G N A T U R E   O F   W I T N E S S

2

3     I, RYAN SERRANO, solemnly swear or affirm under

4 the pains and penalties of perjury that the foregoing

5 pages contain a true and correct transcript of the

6 testimony given by me at the time and place stated

7 with the corrections, if any, and the reasons therefor

8 noted on the foregoing correction page(s).

9

10

              _______________________________

11               RYAN SERRANO

12

13

14

15

16 Job No. 3197405

17

18

19

20

21

22

23

24

25
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1          IN THE SUPREME COURT OF THE UNITED STATES

2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY

3

4  STATE OF TEXAS            )

                           )

5          Plaintiff,        )

                           )     Original Action Case

6  VS.                       )     No. 220141

                           )     (Original 141)

7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )

8                            )

         Defendants.       )

9

10

THE STATE OF TEXAS :

11 COUNTY  OF  HARRIS :

12     I, HEATHER L. GARZA, a Certified Shorthand

13 Reporter in and for the State of Texas, do hereby

14 certify that the facts as stated by me in the caption

15 hereto are true; that the above and foregoing answers

16 of the witness, RYAN SERRANO, to the interrogatories

17 as indicated were made before me by the said witness

18 after being first duly sworn to testify the truth, and

19 same were reduced to typewriting under my direction;

20 that the above and foregoing deposition as set forth

21 in typewriting is a full, true, and correct transcript

22 of the proceedings had at the time of taking of said

23 deposition.

24          I further certify that I am not, in any

25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular

2 employ of this attorney; and I certify that I am not

3 interested in the cause, nor of kin or counsel to

4 either of the parties.

5

6          That the amount of time used by each party at

7 the deposition is as follows:

8          MR. GOLDSBERRY - 03:39:23

         MR. ROMAN - 00:00:00

9          MR. WALLACE - 00:00:00

         MR. DUBOIS - 00:00:00

10          MS. BARNCASTLE - 00:00:00

         MS. O'BRIEN - 00:00:00

11          MS. DAVIDSON - 00:00:00

         MR. UTTON - 00:00:00

12

13          GIVEN UNDER MY HAND AND SEAL OF OFFICE, on

this, the 7th day of March, 2019.

14

15

                  <%16770,Signature%>

16                   HEATHER L. GARZA, CSR, RPR, CRR

                  Certification No.:  8262

17                   Expiration Date:  12-31-19

                  VERITEXT LEGAL SOLUTIONS

18                   Firm Registration No. 571

                  300 Throckmorton Street, Suite 1600

19                   Fort Worth, TX 76102

                  1-800-336-4000

20

21

22

23

24

25
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1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3
4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10
11 ******************************************************
12            ORAL AND VIDEOTAPED DEPOSITION OF
13                      RYAN SERRANO
14                     APRIL 17, 2019
15                        VOLUME II
16 ******************************************************
17

      ORAL AND VIDEOTAPED DEPOSITION of RYAN SERRANO,
18 produced as a witness at the instance of the Plaintiff

State of Texas, and duly sworn, was taken in the
19 above-styled and numbered cause on April 17, 2019,

from 9:17 a.m. to 4:34 p.m., before Heather L. Garza,
20 CSR, RPR, in and for the State of Texas, recorded by

machine shorthand, at the HOTEL ENCANTO DE LAS CRUCES,
21 705 S. Telshor, Las Cruces, New Mexico, pursuant to

the New Mexico Rules of Civil Procedure and the
22 provisions stated on the record or attached hereto;

that the deposition shall be read and signed.
23
24
25

Page 118

Veritext Legal Solutions
800-336-4000

TX_MSJ_001267



Ryan Serrano, Vol II - April 17, 2019
Job No. 3269298

1               A P P E A R A N C E S
2
3 FOR THE PLAINTIFF STATE OF TEXAS:
4     Mr. Francis M. Goldsberry II

    SOMACH SIMMONS & DUNN, PC
5     500 Capitol Mall, Suite 1000

    Sacramento, California 95814
6     (916) 446-7979

    mgoldsberry@somachlaw.com
7

    -and-
8

    Ms. Sarah A. Klahn
9     SOMACH SIMMONS & DUNN

    2701 Lawrence Street, Suite 113
10     Denver, Colorado 80205

    (720) 279-7868
11     sklahn@somachlaw.com
12

FOR THE DEFENDANT STATE OF COLORADO:
13

    Mr. Chad Wallace (via telephone)
14     COLORADO DEPARTMENT OF LAW

    1300 Broadway, 7th Floor
15     Denver, Colorado 80203

    (720) 508-6281
16     chad.wallace@coag.gov
17

FOR THE DEFENDANT STATE OF NEW MEXICO:
18

    Mr. David A. Roman
19     ROBLES RAEL ANAYA

    500 Marquette NW, Suite 700
20     Albuquerque, New Mexico 87102

    (505) 242-2228
21     droman@roblesrael.com
22     -and-
23     Mr. L. Christopher Lindeen

    ATTORNEY AT LAW
24     Post Office Box 2508

    Santa Fe, New Mexico 87504
25
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1     -and-
2     Mr. Michael A. Kopp (via telephone)

    TROUT RALEY
3     1120 Lincoln Street, Suite 1600

    Denver, Colorado 80203
4     (303) 861-1963

    mkopp@troutlaw.com
5
6 FOR THE UNITED STATES:
7     Ms. Judith E. Coleman

    U.S. Department of Justice
8     Post Office Box 7611

    Washington, DC 20044
9     (202) 514-3553

    judith.coleman@usdoj.gov
10

    -and-
11

    Mr. Christopher B. Rich
12     U.S. DEPARTMENT OF THE INTERIOR

    125 South State Street, Suite 6201
13     Salt Lake City, Utah 84138

    (801) 524-5677
14
15 VIDEOGRAPHER:
16     Mr. Mike Flores
17

ALSO PRESENT:
18

     Mr. Bert Cortez
19
20
21
22
23
24
25
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1                    EXAMINATION INDEX
2 WITNESS:  RYAN SERRANO
3 EXAMINATION                                       PAGE

    BY MR. GOLDSBERRY                              125
4     BY MS. COLEMAN                                 135
5 FURTHER EXAMINATION

    BY MR. GOLDSBERRY                              139
6     BY MS. COLEMAN                                 151

    BY MR. GOLDSBERRY                              154
7     BY MS. COLEMAN                                 178

    BY MR. GOLDSBERRY                              186
8     BY MS. COLEMAN                                 189

    BY MR. GOLDSBERRY                              190
9     BY MS. COLEMAN                                 199

    BY MR. GOLDSBERRY                              200
10     BY MS. COLEMAN                                 218

    BY MR. GOLDSBERRY                              219
11     BY MS. COLEMAN                                 224

    BY MR. GOLDSBERRY                              226
12     BY MS. COLEMAN                                 236

    BY MR. GOLDSBERRY                              238
13     BY MS. COLEMAN                                 241

    BY MR. GOLDSBERRY                              243
14
15  SIGNATURE REQUESTED                               274
16
17  REPORTER'S CERTIFICATION                          275
18

                     EXHIBIT INDEX
19

                                                  PAGE
20  SERRANO EXHIBIT NO.88                             128

    Thumb Drive with Documents New Mexico
21     82486 through 82802
22  SERRANO EXHIBIT NO.89                             141

    Thumb Drive with Document New Mexico
23     82803
24  SERRANO EXHIBIT NO.90                             154

    Thumb Drive with Document New Mexico
25     83348
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1  SERRANO EXHIBIT NO.91                             156
    Thumb Drive with Document New Mexico

2     83348
3  SERRANO EXHIBIT NO.92                             190

    Thumb Drive with Document New Mexico
4     83443
5  SERRANO EXHIBIT NO.93                             200

    Thumb Drive with Document New Mexico
6     89509
7  SERRANO EXHIBIT NO.94                             202

    Thumb Drive with Document New Mexico
8     91011
9  SERRANO EXHIBIT NO.95                             206

    Thumb Drive with Document New Mexico
10     92460
11  SERRANO EXHIBIT NO.96                             215

    Thumb Drive with Document New Mexico
12     93888
13  SERRANO EXHIBIT NO.97                             219

    Thumb Drive with Document New Mexico
14     138444
15  SERRANO EXHIBIT NO.98                             226

    Thumb Drive with Document New Mexico
16     142284
17  SERRANO EXHIBIT NO.99                             237

    Expedited Hearing Procedures for LRG
18     Over-Diversions
19  SERRANO EXHIBIT NO.100                            243

    Thumb Drive with Document New Mexico
20     142285
21  SERRANO EXHIBIT NO.101                            245

    Thumb Drive with Document New Mexico
22     142356
23  SERRANO EXHIBIT NO.102                            249

    Thumb Drive with Document New Mexico
24     142377
25
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1  SERRANO EXHIBIT NO.103                            251
    Thumb Drive with Document New Mexico

2     142378
3  SERRANO EXHIBIT NO.104                            254

    Same Ownership/Management Plan for
4     Irrigation with Groundwater (OWMAN)
5  SERRANO EXHIBIT NO.105                            256

    Adding and Correcting Owner Records in
6     the Waters Database
7  SERRANO EXHIBIT NO.106                            257

    Lower Rio Grande Underground Water Basin
8     Meter Reading Summary dated February 15,

    2010
9

 SERRANO EXHIBIT NO.107                            258
10     Lower Rio Grande Water Master Annual

    Report 2013 Accounting Period
11

 SERRANO EXHIBIT NO.108                            261
12     Lower Rio Grande Water Master Annual

    Report 2014 Accounting Year
13

 SERRANO EXHIBIT NO.109                            263
14     Lower Rio Grande Water Master Annual

    Report 2015 Accounting Year
15

 SERRANO EXHIBIT NO.110                            266
16     Lower Rio Grande Water Master Annual

    Report 2016 Accounting Year
17
18
19
20
21
22
23
24
25
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1               THE VIDEOGRAPHER:  Today is April 17,

2 2019.  The time is approximately 9:17 a.m.  We're now

3 on the record beginning Tape 1.

4               MR. GOLDSBERRY:  Let's begin by stating

5 appearances.  Francis Goldsberry for the plaintiff,

6 State of Texas.

7               MS. COLEMAN:  Judith Coleman from the

8 United States Department of Justice for the United

9 States.

10               MR. RICH:  Chris Rich from the Office of

11 the Solicitor Department of the Interior.

12               MR. CORTEZ:  Bert Cortez with the Bureau

13 of Reclamation El Paso office.

14               MR. ROMAN:  David Roman and Chris

15 Lindeen for the State of New Mexico.

16               MR. WALLACE:  This is Chad Wallace for

17 the State of Colorado, and I'll note that the video

18 link for remote attendance hasn't started yet.

19               THE VIDEOGRAPHER:  Okay.  I'm working on

20 it.

21               MR. ROMAN:  And I should have announced

22 Michael Kopp on the phone as well for the State of New

23 Mexico.

24               MR. GOLDSBERRY:  Is the video feed going

25 or --
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1               THE VIDEOGRAPHER:  I'm working on it.

2 It'll be up in a minute.  Can we start with the audio

3 or...

4               MR. GOLDSBERRY:  Chad, what's your

5 pleasure?

6               MR. WALLACE:  I don't have anything yet,

7 Mac.

8               MR. GOLDSBERRY:  Okay.  Do you want us

9 to wait until we get that connected or can you live

10 with the audio for the first few minutes?

11               MR. WALLACE:  If -- if you want to get

12 started and somebody is working on that remote cam,

13 I'm -- I'm fine with doing it that way.

14               MR. GOLDSBERRY:  All right.

15                     RYAN SERRANO,

16 having been first duly sworn, testified as follows:

17                  E X A M I N A T I O N

18 BY MR. GOLDSBERRY:

19     Q.   Good morning, Mr. Serrano.

20     A.   Good morning.

21     Q.   How are you doing today?

22     A.   I'm doing fine.  Thank you.

23     Q.   Is there any reason why you shouldn't go

24 forward with this second day of your deposition?

25     A.   No, sir.
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1     Q.   Do you understand that this is a continuance

2 of the -- the deposition that we started on February

3 26th of this year?

4     A.   I do.

5     Q.   Okay.  Do you understand -- well, you've just

6 been sworn again so you're clearly still under oath.

7 What did you do, if anything, to prepare for today?

8     A.   Between the last deposition and today, no

9 preparation.

10     Q.   Did you read the transcript of the first day

11 of your deposition?

12     A.   I did not.

13     Q.   Have you signed that transcript?

14     A.   No, sir.

15     Q.   Okay.  Okay.  Before we get started, I'd like

16 to go through a procedure that we're going to follow

17 today.  I have some electronic exhibits that have been

18 placed on memory sticks, one exhibit per memory stick,

19 and the procedure that I propose to use is that for

20 each exhibit, I will announce for the record what it

21 is.  These are all documents that have been produced

22 by the State of New Mexico, and then I'll ask the

23 court reporter to give the memory stick an exhibit

24 number.  That memory stick will then be plugged into

25 the computer that is in front of me, and you should be
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1 able to see the document that we're looking at.

2 There's a monitor in front of Mr. Serrano and counsel.

3 It's going to be a little tougher for you guys on the

4 telephone, but we will then go through my questions on

5 a particular exhibit, and what I propose is when I

6 finish my questions on one of these exhibits, I will

7 then pass the -- the questioning to the United States

8 to deal with that particular exhibit, not necessarily

9 to the exclusion of plugging the exhibit in later and

10 asking questions further down the road, but I'm

11 hopeful that we can get most of the questions out on

12 an exhibit-by-exhibit basis.

13               MR. GOLDSBERRY:  Counsel, if you have

14 questions that you want to make some sort of

15 clarification about, we'll do that, also, at the same

16 time.  Are there any objections to using that -- oh,

17 one other thing, I have provided counsel for the State

18 of New Mexico and -- and counsel for the United States

19 with disks that contain the exhibits that are on

20 the -- on the memory sticks.  You have a separate disk

21 for each exhibit that you can mark.  And then at the

22 end of the day, we will -- the memory sticks will

23 become the official record and part of the original

24 transcript.  Are there any objections to that

25 procedure?
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1 people that you've mentioned were involved in the

2 discussion?

3     A.   That would have been Greg Ridgley.

4     Q.   I'm sorry?

5     A.   Greg Ridgley.

6     Q.   And what position did he hold?

7     A.   At the time, I believe he was deputy general

8 counsel.

9     Q.   Is he still deputy general counsel?

10     A.   No.  He's now general counsel.  Also, John

11 Romero, water rights director; Andrea Mendoza, the

12 district manager; myself, and there were a few other

13 technical folks, from what I remember, during that

14 discussion that were there, but I can't pinpoint

15 exactly who it was at that time.

16     Q.   Where did the discussion take place?

17     A.   It was a teleconference -- videoconference.

18     Q.   Okay.  And all of the people that you've

19 mentioned were on the videoconference?

20     A.   Some -- some were on videoconference in Santa

21 Fe, and myself and Andrea were local here in the

22 district office.

23     Q.   Do you recall any of the discussion as to why

24 the group chose not to use a hundred percent --

25               MR. ROMAN:  I object to the extent that
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1 include -- you're including water user's right to

2 receive water from EBID?

3     A.   Correct.

4     Q.   Now, in the total allowable diversion column,

5 are EBID allotments figured into that -- well, what

6 we're looking at here doesn't include that, but for --

7 would the total allowable diversion include the EBID

8 allotment?

9     A.   For -- for that respective file, yes, ma'am.

10     Q.   Okay.  And is that -- is that number updated

11 throughout the year?

12     A.   If -- if the allotment changes, it is.

13     Q.   So in -- when you're looking at something

14 like irrigation over -- over 110 percent, that -- I'm

15 sorry.  Let me withdraw that question.

16          So the irrigation -- I'm sorry.  The

17 information and irrigation over 110 percent in the

18 diversion column would re -- could reflect someone

19 exceeding their EBID surface allotment; is that

20 correct?

21     A.   It -- that number is representative of

22 somebody exceeding their combined total of their

23 groundwater allotment in addition to their surface

24 water allotment.

25     Q.   Okay.  Is there -- what is the reason for
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1 tracking EBID surface water allotments?

2     A.   For those water rights that are identified in

3 our files as being combined irrigation surface water

4 from EBID and supplemental groundwater, we have to

5 track both of those sources for the purposes of making

6 sure they don't exceed their total combined allotment.

7     Q.   So what is the reason for including the EBID

8 allotment as part of a water right that the state

9 engineer's office tracks?

10     A.   As -- as I understand it, the surface water

11 is what could be considered primary water right, and

12 then the supplemental groundwater in addition to that.

13 And all -- all of those users within EBID that have an

14 irrigation purpose of use would have that surface

15 water component associated with them, and then some of

16 them would also have the groundwater right tied to it.

17 So as a whole, the state engineer's office recognizes

18 both of those sources of water for that water right.

19     Q.   Did you ever create spreadsheets or -- to

20 track non-irrigation use over a particular amount of

21 allowable diversion?

22     A.   I have, yes.  Not in 2012, but years after

23 that, I have.

24     Q.   Did you do it in 2018?

25     A.   Yes.
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1     Q.   Is there a reason for the change to looking

2 at non-irrigation users?

3     A.   Just as best practice, we wanted to make sure

4 we cover all our bases and look at all of the users.

5     Q.   Do you recall what year you started looking

6 at non-irrigation users over their diversion amounts?

7     A.   I can't recall the particular year.

8     Q.   Is it while you were a water master?

9     A.   Yes, ma'am.

10               MS. COLEMAN:  I think that's all I have.

11          F U R T H E R  E X A M I N A T I O N

12 BY MR. GOLDSBERRY:

13     Q.   Do you track the actual deliveries to owners

14 by EBID?

15     A.   On occasion, those owners will provide us

16 with what's called a water usage report from EBID that

17 identifies the amount diverted at the farm.

18     Q.   Is that something that you've requested from

19 a particular owner or is it just done as a matter of

20 routine?

21     A.   Usually, as part of reconciling an over

22 diversion, the -- these owners will actively seek out

23 that information from EBID to compare how much they

24 receive versus how much they were allotted.

25     Q.   Okay.  And what -- okay.  Is there any other
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1 information that -- that you track on a regular basis

2 regarding folks who are entitled to EBID allotments?

3     A.   No, sir.

4     Q.   What is -- what was the -- what was your

5 primary purpose for creating this document that we've

6 labeled Exhibit 91?

7     A.   It served two purposes.  One was to establish

8 our end-of-the-year diversion numbers for each of the

9 respective use categories, and then the second was to

10 identify those individual users that had gone over

11 their allowable limit and begin the enforcement

12 process.

13     Q.   And that first purpose is something that you

14 use in preparing your annual report?

15     A.   Yes, sir.

16               MR. GOLDSBERRY:  All right.  That's all

17 I've got on this.  Do you want to take a five-minute

18 break?

19               MR. ROMAN:  Sure.

20               THE VIDEOGRAPHER:  Off the record, 11:31

21 a.m., ending Tape 2.

22                     (Break.)

23               THE VIDEOGRAPHER:  Back on the record,

24 11:40 a.m., beginning Tape 3.

25               MR. GOLDSBERRY:  I'm wondering why we
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1 don't have the spreadsheet up.

2               THE WITNESS:  I see it here.

3               MR. GOLDSBERRY:  You see it there?

4               THE WITNESS:  Uh-huh.

5               MS. KLAHN:  Oh, there it goes.

6               MR. GOLDSBERRY:  There it goes.  Just a

7 matter of touching the plug, I guess.

8     Q.   (BY MR. GOLDSBERRY)  As I indicated to you at

9 the beginning of our discussion on Exhibit 91, the

10 metadata on this particular document indicates that it

11 was created on February 18th, and it also create -- it

12 indicates that it was last modified on February 22nd.

13 You've testified about correcting errors that we

14 discussed on this particular exhibit.  I've gotten the

15 impression that you create new queries rather than

16 going back in and editing this one; is that a correct

17 understanding of the process that you use?

18     A.   Correct.  There would be subsequent

19 spreadsheets and workbooks after this one that have

20 corrected data.  So we try to save every step of the

21 way after we -- after we do cleanup or make

22 corrections, we'll save a new spreadsheet, that way we

23 can always reference back if we have to.

24     Q.   And why do you do that?

25     A.   So that way we don't lose data.  Every step
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1 of the process, we know what we started with, and then

2 the new spreadsheet would indicate either what was

3 corrected or what was eliminated.

4     Q.   What would be the circumstances that you'd go

5 into this spreadsheet and edit it?  Let me use a

6 different word.  What are the circumstances that would

7 have caused someone, you or anyone else that has

8 access to this spreadsheet that you created, what

9 would be the circumstances that caused them to go in

10 and make a modification?

11     A.   For this particular spreadsheet, the

12 modifications would have included doing the -- the

13 formulas to generate the total diverted and the

14 percent diverted and then breaking out the different

15 categories for irrigation and irrigation over 110

16 percent.  There -- thereafter, all modifications

17 should have been done in a -- in a separate

18 spreadsheet.

19               MR. GOLDSBERRY:  Do you have further

20 questions?

21               MS. COLEMAN:  Yes, I have one more

22 question on this.

23          F U R T H E R  E X A M I N A T I O N

24 BY MS. COLEMAN:

25     Q.   On -- for Column F, scroll up to the heading,
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1 at the top, that would have been red flagged and our

2 WRAB bureau would have gone back in there and adjusted

3 those numbers appropriately.

4     Q.   So you're responsible -- are you responsible

5 for doing the quality assurance checks on the OWMAN

6 files that are in the waters database?

7     A.   Partially.  They -- the WRAB bureau does,

8 through their abstracting process, they have a quality

9 assurance process that they follow, and then once

10 that's done at different points throughout the year,

11 I'll go in and run quality assurance queries.

12     Q.   Is -- does the WRAB bureau have a quality

13 assurance program that's committed to writing

14 anywhere?

15     A.   From what I understand, they do.

16     Q.   Have you ever seen it?

17     A.   I don't think so, no, sir.

18     Q.   Okay.  Do you have any -- in the -- in the

19 water master group, do you have any quality assurance

20 procedures that have been committed to writing?

21     A.   Not that I've been the author of, but I have

22 seen one or two documents.

23     Q.   What are they related to?

24     A.   Meter entry and data assurance -- data

25 quality assurance.
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1 adjudication, SS 97101, and the final order that came

2 out of that adjudication, the lower Rio Grande

3 adjudication generally, New Mexico statutes annotated

4 Chapter 72, and the Rio Grande Compact, correct?

5 A. That is correct.

6 Q. Have you ever read the Rio Grande Compact?

7 A. I have, yes, sir.

8 Q. What does your office do to implement the

9 terms of the Rio Grande Compact, if any?

10 A. My office does not do anything locally to

11 effectuate the Compact.

12 Q. Do you have an understanding of whether or

13 not there's anyone with the -- within the state

14 engineer's office that does have that obligation?

15 MR. ROMAN:  Object to form.

16 A. Within the Interstate Stream Commission, and

17 also the State Engineer's Office, yes.

18 Q. (BY MR. GOLDSBERRY)  Are you aware of any

19 activities that are conducted by either of those two

20 entities that are related to implementation of the

21 terms of the Rio Grande Compact?

22 A. Yes, sir.

23 Q. Okay.  And what are those activities?

24 A. Stream gauging, reservoir accounting, and

25 participation with those individuals with the Bureau
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1       WITNESS CORRECTIONS AND SIGNATURE

2     Please indicate changes on this sheet of paper,

giving the change, page number, line number and reason

3 for the change.  Please sign each page of changes.

4 PAGE/LINE      CORRECTION     REASON FOR CHANGE

5 _______________________________________________

6 _______________________________________________

7 _______________________________________________

8 _______________________________________________

9 _______________________________________________

10 _______________________________________________

11 _______________________________________________

12 _______________________________________________

13 _______________________________________________

14 _______________________________________________

15 _______________________________________________

16 _______________________________________________

17 _______________________________________________

18 _______________________________________________

19 _______________________________________________

20 _______________________________________________

21 _______________________________________________

22 _______________________________________________

23               _______________________________

              RYAN SERRANO, VOLUME II

24

25
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1        S I G N A T U R E   O F   W I T N E S S

2

3     I, RYAN SERRANO, solemnly swear or affirm under

4 the pains and penalties of perjury that the foregoing

5 pages contain a true and correct transcript of the

6 testimony given by me at the time and place stated

7 with the corrections, if any, and the reasons therefor

8 noted on the foregoing correction page(s).

9

10

              _______________________________

11               RYAN SERRANO, VOLUME II

12

13

14

15

16 Job No. TX 3269298

17

18

19

20

21

22

23

24

25
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1          IN THE SUPREME COURT OF THE UNITED STATES

2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY

3

4  STATE OF TEXAS            )

                           )

5          Plaintiff,        )

                           )     Original Action Case

6  VS.                       )     No. 220141

                           )     (Original 141)

7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )

8                            )

         Defendants.       )

9

10

THE STATE OF TEXAS :

11 COUNTY  OF  HARRIS :

12     I, HEATHER L. GARZA, a Certified Shorthand

13 Reporter in and for the State of Texas, do hereby

14 certify that the facts as stated by me in the caption

15 hereto are true; that the above and foregoing answers

16 of the witness, RYAN SERRANO, to the interrogatories

17 as indicated were made before me by the said witness

18 after being first duly sworn to testify the truth, and

19 same were reduced to typewriting under my direction;

20 that the above and foregoing deposition as set forth

21 in typewriting is a full, true, and correct transcript

22 of the proceedings had at the time of taking of said

23 deposition.

24          I further certify that I am not, in any

25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular

2 employ of this attorney; and I certify that I am not

3 interested in the cause, nor of kin or counsel to

4 either of the parties.

5

6          That the amount of time used by each party at

7 the deposition is as follows:

8          MR. GOLDSBERRY - 04:31:53

         MR. ROMAN - 00:00:00

9          MS. COLEMAN - 00:40:41

         MR. WALLACE - 00:00:00

10

11          GIVEN UNDER MY HAND AND SEAL OF OFFICE, on

this, the 2nd day of May, 2019.

12

13

                  <%16770,Signature%>

14                   HEATHER L. GARZA, CSR, RPR, CRR

                  Certification No.:  8262

15                   Expiration Date:  12-31-19

                  VERITEXT LEGAL SOLUTIONS

16                   Firm Registration No. 571

                  300 Throckmorton Street, Suite 1600

17                   Fort Worth, TX 76102

                  1-800-336-4000

18

19

20

21

22

23

24

25
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                           :
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                           :
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                           : No. 220141
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STATE OF COLORADO,         :
                           :
         Defendants.       :

         ****************************************
            ORAL AND VIDEOTAPED DEPOSITION OF
                 HERMAN ROBERT SETTEMEYER
                      JULY 30, 2020
                         VOLUME 1
         ****************************************
         ORAL AND VIDEOTAPED DEPOSITION OF HERMAN ROBERT
SETTEMEYER, produced as a witness at the instance of the
Defendant State of New Mexico, and duly sworn, was taken
in the above-styled and numbered cause on July 30, 2020,
from 9:18 a.m. MDT to 4:10 p.m. MDT, via Zoom, before
PHYLLIS WALTZ, RMR, CRR, CRC, Texas CSR, TCRR, Louisiana
CCR, in and for the State of Texas, recorded by machine
shorthand, pursuant to the Federal Rules of Civil
Procedure and the provisions stated on the record or
attached hereto; that the deposition shall be read and
signed before any Notary Public.
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2
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1                THE VIDEOGRAPHER:  The time is 9:18 a.m.

2 and we are on the record.

3                 HERMAN ROBERT SETTEMEYER,

4 having been first duly sworn, testified as follows:

5                MS. THOMPSON:  Good morning,

6 Mr. Settemeyer.

7                THE WITNESS:  Good morning.

8                MS. THOMPSON:  My name is Lisa Thompson,

9 and I'm the attorney representing the State of

10 New Mexico, and I'm going to be taking your deposition

11 today in this lawsuit Texas V. New Mexico and Colorado.

12 We are taking your deposition remotely, of course, and

13 so I'm going to go ahead and ask, just to start off,

14 that each of the parties enter their appearances and

15 state who -- who is observing the deposition with them

16 today.

17                So for New Mexico, it's Lisa Thompson.

18 And currently I do not see anyone else joining to

19 observe.

20                So for Texas?

21                MR. HOFFMAN:  Texas is Robert Hoffman.

22 And from our -- my office, Stuart Somach.  From the

23 Attorney General's Office, Priscilla Hubenak.  And also

24 observing is Suzy Valentine.

25                MS. THOMPSON:  For the U.S.?
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1                MR. DUBOIS:  This is Jim Dubois for the

2 United States, and Shelly Randel from the Solicitor's

3 Office is observing, and I think that's it.

4                MS. THOMPSON:  All right.  Colorado?

5                MR. HARTMAN:  Preston Hartman for State of

6 Colorado.  Good morning.

7                MS. THOMPSON:  Good morning.

8                EBID?

9                EP1?

10                MR. HICKS:  Renea Hicks for El Paso County

11 Water Improvement District No. 1.  And Al Blair I don't

12 think is going to call in or link in, but he will be

13 watching the AgileLaw case use.

14                MS. THOMPSON:  Okay, very good.

15                And then what about Las Cruces?

16                MR. BROCKMANN:  Lisa, this is Jim

17 Brockmann.  I'll be joining, I think, most of the day on

18 behalf of the City of Las Cruces and the Albuquerque

19 Bernalillo County Water Utility Authority.

20                MS. THOMPSON:  All right, very good.

21                Do we have any other amici on?

22                All right, doesn't sound like it.

23                All right.  Mr. Settemeyer, we're going to

24 be using AgileLaw for me to exhibit the exhibits that

25 I'll be using today, and I just want to make sure you
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1 are currently connected to AgileLaw, correct?

2                THE WITNESS:  Yes.

3                MS. THOMPSON:  Very good.

4                   E X A M I N A T I O N

5 BY MS. THOMPSON:

6      Q.   Will you go ahead and please state your name

7 for the record.

8      A.   Herman Robert Settemeyer.

9      Q.   And what is your current professional title?

10      A.   I am partner of RSA H2O, comma, L.L.C.

11      Q.   And what's your business address?

12      A.   The company address, it's in Austin, Texas.

13 Do you need to know specifically?

14      Q.   If you know it.

15      A.   I don't know it offhand.  I'll have to find a

16 business card.

17      Q.   Okay, that's okay.  It's no problem.

18           So you went ahead and you just took an oath,

19 and, therefore, your answers today are sworn testimony,

20 just as if you were testifying at trial.  Do you

21 understand that?

22      A.   Yes.

23      Q.   And have you had your deposition taken before?

24      A.   Yes.

25      Q.   How many times?
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1      A.   New Mexico took -- took my deposition in the

2 Canadian River Compact litigation.  My deposition was

3 taken in the Tarrant Regional versus Oklahoma

4 litigation.  I don't -- I don't recall any other

5 depositions related to water rights within the state of

6 Texas.  I think those are the only two depositions that

7 I've -- I've taken, although it's possible that I might

8 have had some other depositions taken associated with

9 permitting, but those are the two major ones, the

10 Canadian River Compact litigation and the Tarrant

11 Regional litigation versus Oklahoma.

12      Q.   Okay.  All right.  I'll ask you about both of

13 those in just a minute.  But before we get to that,

14 since I suspect it's been a few years since you've had

15 your deposition, I'm going to go ahead and go over just

16 a few of the general rules right off the bat, to make

17 sure you and I are on the same page, okay?

18      A.   Okay.

19      Q.   All right.  So if I ask a question and, for

20 any reason, you don't hear it or you don't understand

21 the question, please let me know and, if you'd like, you

22 can ask me to rephrase it, okay?

23      A.   Okay.

24      Q.   And you can request a break at any time except

25 for if there is a question pending, okay?
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1      Q.   Okay.  And then on the last bullet, the

2 process applications for water rights, was that just

3 part of the -- of the initial step of the adjudication

4 process?

5      A.   No, that's -- that's back -- that's processing

6 an application from an entity that wants a new water

7 right or an amendment to the water right.  That's

8 separate from the adjudication.

9      Q.   So this would be after the adjudication had

10 occurred?

11      A.   Well, I didn't -- I didn't do any of the

12 permitting until -- I mean, I didn't do any of the

13 permitting until after I had done the adjudications on

14 the Bosque, Trinity, Neches, and Red.  And then

15 subsequent to doing that is when I did enforcement and

16 permitting.  So, basically -- so, basically, like I

17 said, if somebody came in and asked for a water right or

18 an amendment, then I was -- I was part of the group that

19 would process those applications.

20      Q.   Okay.  And these are applications for a

21 permit, right?

22      A.   For a permit or an -- or an amendment to an

23 existing permit.

24      Q.   Okay.  I see.  And during this time, the

25 12-year period we've been talking about, did you have
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1 any work duties related to the Rio Grande basin?

2      A.   I don't -- I don't recall.  During this period

3 of time, I don't recall.

4      Q.   Did the -- did the agency split up the state

5 into different geographic areas that different engineers

6 would work in?

7      A.   Only -- only for the adjudication process.  So

8 during -- for the enforcement and the permitting

9 process, you know, when those -- when those applications

10 or those issues came before the agency, then they

11 were -- they were assigned to various individuals

12 working on -- on -- on -- in that field.

13      Q.   Okay.  We're going to jump forward, then, to

14 the next entry where you spent 25 years, and the entry

15 listed is "Texas Commission on Environmental Quality

16 Engineer Advisor/Manager."  Do you see that entry on

17 your screen?

18      A.   Yes.

19      Q.   Actually, before we go to that, just one other

20 follow-up question related to when you were doing one of

21 the water rights work.  Did you ever, as part of any of

22 your duties, have to look at impacts to the surface

23 water stream from groundwater pumping?

24      A.   No.

25      Q.   So then on the -- the next entry that I just

TX_MSJ_001300



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 30

1 mentioned for the next 25 years, is what you've entered

2 here, the "Engineer Advisor/Manager," are those two

3 separate duties or two separate titles that you held?

4      A.   Well, beginning in 1987 is when I started

5 doing the work related to the interstate compacts, and I

6 was the Engineer Adviser for the Canadian, Pecos, Red,

7 Rio Grande, and Sabine River Compacts.  Although for a

8 portion of that time, I only became the, quote, official

9 Engineer Adviser on the Rio Grande during the tenure of

10 the commissioner before Pat Gordon.  We used to have

11 a -- a staff out in El Paso of an engineer and

12 administrative assistant and -- and that was the

13 official -- that engineer was the official Engineer

14 Adviser for the Rio Grande up until, like I said, during

15 the tenure of the commissioner preceding Pat Gordon,

16 whose name escapes me at the moment.

17           But, anyway, but I was always Engineer Adviser

18 for the Canadian, Pecos, Red, and Sabine River Compacts

19 and then for the Rio Grande for I don't know how long

20 that was, 18 years, ten years, something like that.

21 But -- but even during that period of time, from 1987

22 forward, while I was not the official Engineer Adviser,

23 I was kind of -- I was -- I was an additional Engineer

24 Adviser, and the -- the other gentleman would actually

25 sign the Engineer Adviser's reports during that time,
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1 until, like I said, during the time when that position

2 was done away with under the commissioner previous to

3 Commissioner Gordon.

4      Q.   Okay.  So when you say you were an additional

5 Engineer Adviser, what I may use sometimes the shorthand

6 of EA, does that mean you attended all of those EA

7 meetings?

8      A.   Yes.  Yeah.

9      Q.   And then would you help develop the Engineer

10 Adviser reports?

11      A.   Yes.

12      Q.   And during this time when you were working on

13 the interstate compacts, did you have separate duties as

14 a manager that you've listed here?

15      A.   There was -- yeah, there was a short -- there

16 was a period of time, I don't remember exactly how long

17 it lasted, where I was the section manager of the --

18 of -- of the -- of that -- of a group that included

19 water rights permitting and other -- other issues, and

20 it became -- it became too much of a burden.  I could --

21 I couldn't do it all is what I -- is, basically, what

22 I'm saying.  So I gave up the management of the section

23 to continue to be the Engineer Adviser to all the

24 compacts.  But I was -- I was section manager of the --

25 of the permitting group for a period of time and section
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1 manager of all these compacts, I guess section manager

2 of myself for that time.  Anyway, if that makes sense.

3      Q.   Sounds like you were --

4      A.   I, basically -- yeah, I basically decided I

5 didn't want to do the section manager job because it --

6 it was going to get in the way of doing the compacts.

7      Q.   Is there a specific division of TCEQ that --

8 that you worked within for the interstate compacts?

9      A.   Well, the ans- -- simple answer is yes.

10      Q.   Do you remember what the name of that division

11 was?

12      A.   No.  I mean, it -- it changed periodically.

13      Q.   Describe for me how your role as the EA varied

14 between these different compacts.

15      A.   I mean, generally, they were -- they were

16 pretty much the same.  I provided technical engineering

17 advice to the -- to the Texas Compact Commissioner.  So

18 I was the Engineer Adviser, and I would provide

19 technical advice to the Compact Commissioner.

20      Q.   And so for each one of these compacts, would

21 you have to attend an annual EA meeting?

22      A.   No.  The only one that had an official EA

23 meeting, Engineer Adviser meeting, was the Rio Grande.

24 Well, and then the -- the Red River Compact would

25 actually have a -- an EA meeting, but it was, like, the
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1 day before the Compact Commission meeting.  So -- so,

2 you know, peri- -- periodically the EAs would -- of all

3 these compacts might get together and have a phone call

4 or something like that, but the -- the EA meeting

5 associated with the Rio Grande was much more extensive

6 than any of the Engineer Adviser meetings associated

7 with the others.

8      Q.   Okay.  Did you generally, for each of these

9 compacts, review Compact accounting?

10      A.   Not -- not in the extent that the Rio Grande

11 does.  I mean, the -- the Canadian is a storage Compact.

12 The Pecos -- the Pecos River Compact does -- I'm sure

13 you know, is -- the accounting is done by the -- by the

14 River Master.  The Red -- the Red and Sabine really

15 don't -- don't have issues that require Compact

16 accounting.

17      Q.   So it sounds like, overall, for the Rio

18 Grande, the duties were somewhat more extensive than

19 they were for the other compacts?

20      A.   That's -- that's correct, except early on the

21 Pecos was rather extensive.  As you -- as you can see,

22 in 1987 was kind of the end of the Pecos River

23 litigation.

24      Q.   And as part of your duties as the Engineer

25 Adviser, did you have to review each of the compacts and
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1 the Compact?

2      A.   It had state line delivery --

3                MR. HOFFMAN:  Which state are you talking

4 about?

5      Q.   (BY MS. THOMPSON)  The New Mexico-Texas state

6 line.

7      A.   Well, the Compact incorporate -- the

8 Rio Grande Compact incorporated the Rio Grande Project.

9 And by the Compact incorporating the Rio Grande Pro- --

10 Project, it provided water to Texas.

11      Q.   And how did it do that?

12      A.   How did it -- be more -- can you be more

13 specific?

14      Q.   Sure.  I was just following up on your

15 statement that, "And by the Compact incorporating the

16 Rio Grande Project, it provided water to Texas."  When

17 you say "it provided water to Texas," I assume you mean

18 the Rio Grande Project provided water to Texas; is that

19 right?

20      A.   No.  The -- the Rio Grande Compact

21 incorporated the Rio Grande Project and -- and the water

22 use associated with the Rio Grande Project by Texas and

23 New Mexico.  So by incorporating that project, it

24 provided water to Texas associated with its portion of

25 the Rio Grande Project.
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1      Q.   And what portion, then, was allocated to

2 Texas?

3      A.   Well, the Rio Grande Project is apportioned

4 57 -- 57 percent to -- to New Mexico and 43 percent to

5 Texas.  So the portion that Texas got associated with

6 the Rio Grande Project was the -- was the 43 percent.

7      Q.   And describe for me what that's 43 percent of.

8 Is it 43 percent of the water in storage?

9      A.   No, the -- the Bureau of Reclamation operates

10 the Rio Grande Project and, as such, they make an

11 allocation each and every year to -- to New Mexico and

12 to Texas, EBID EP No. 1, they make an allocation and

13 those -- that allocation is split 57/43 between the two

14 districts, basically, between the two states.

15      Q.   Is that 43 percent, though, of the deliveries,

16 or is it of the storage?

17      A.   Well, there are -- there are curves used by

18 the Bureau of Reclamation that determine under various

19 conditions when you release X amount of water out

20 Elephant Butte, then that produces X amount of water for

21 EBID and EP No. 1.  You know, during a full allotment

22 year, a release of water will provide, actually, more

23 than that release to the -- to the two districts based

24 on return flows that come back from the project.

25      Q.   And so it's 43 percent of that whatever is on
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1 the curve that Texas is entitled to?

2      A.   Yes, that's my recollection.

3      Q.   And when you say "the curve," are you

4 referring to what's sometimes referred to as the D-1 and

5 D-2 curves?

6      A.   Yes.

7      Q.   Did you have any involvement with the

8 development of those curves with Reclamation?

9      A.   No.

10      Q.   Do you know who developed those curves?

11      A.   No.

12      Q.   As the Engineer Adviser, would you review and

13 determine whether or not Texas had received that

14 43 percent each year?

15      A.   No.

16      Q.   And why not?

17      A.   The engineer -- the Engineer Advisers were --

18 were report -- calculated the inflows into and storage

19 into Elephant Butte.  There has never been -- or there

20 hasn't been, to my recollection, an accounting of water

21 below Elephant Butte by the Engineer Advisers.

22      Q.   So it wasn't part of your duty, then, to

23 independently verify how much water was delivered to

24 Texas?

25      A.   Well, we knew how much water was delivered to
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1 Texas because it was measured at the various streamflow

2 gauges, so...  But -- but, you know, the -- the issue

3 obviously came up that Texas wasn't getting its fair

4 share.

5      Q.   And when do you recall that that issue came

6 up?

7      A.   Initially?

8      Q.   Yes.

9      A.   I -- I think I heard -- I heard allegations to

10 that my entire career.

11      Q.   Did you personally raise that at any of the

12 Engineer Adviser meetings for the Rio Grande?

13      A.   I don't recall.

14      Q.   Do you recall whether or not you personally

15 included concerns about Texas not receiving its water in

16 the Engineer Adviser reports?

17      A.   I don't -- I don't recall.  It's possible that

18 they may have been included in some of the later

19 Engineer Adviser's reports.

20      Q.   So on the -- the Pecos Compact, we were just

21 talking about 1947 condition.  Was there anything

22 similar for the Rio Grande, a similar type of year

23 condition?

24                MR. HOFFMAN:  Objection; calls for a legal

25 conclusion.
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1      A.   I don't recall.  I don't think so.

2      Q.   (BY MS. THOMPSON)  And when you say "I don't

3 think so," why is that?

4                MR. HOFFMAN:  Objection.  The answer

5 speaks for itself.

6      Q.   (BY MS. THOMPSON)  You can go ahead.

7      A.   Repeat the question, please.

8      Q.   When you said "I don't think so," I was just

9 asking you --

10                MR. HOFFMAN:  The question is

11 argumentative, also.

12      Q.   (BY MS. THOMPSON)  So I just asked you the

13 question, do you recall whether or not you personally

14 included -- sorry, hang on.  My realtime is stuck.

15           Oh, I just asked, so on the Pecos Compact, we

16 were just talking about the 1947 condition, was there

17 anything similar for the Rio Grande, a similar type of

18 year condition?

19           And you said, "I don't recall.  I don't think

20 so."

21           And I was just asking you to explain more why

22 you said, "I don't think so."

23                MR. HOFFMAN:  The question is

24 argumentative.

25      A.   There is not a specific date similar to the
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1 therefor;
2          _____was not requested by the deponent or a
3 party before the completion of the deposition.
4          I further certify that I am neither counsel
5 for, related to, nor employed by any of the parties or
6 attorneys to the action in which this proceeding was
7 taken.  Further, I am not a relative or employee of any
8 attorney of record in this cause, nor am I financially
9 or otherwise interested in the outcome of the action.

10          GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
11 this, the 19TH day of AUGUST, 2020.
12

13

14                    _____________________________________

                   PHYLLIS WALTZ, RMR, CRR, CRC
15                    Expiration Date:  12/31/20

                   TEXAS CSR, TCRR NO. 6813
16                    Expiration Date:  12/31/21

                   LOUISIANA CCR NO. 2011010
17                    Expiration Date:  12/31/20
18

Worldwide Court Reporters, Inc.
19 Firm Certification No. 223

3000 Weslayan, Suite 235
20 Houston, Texas  77027

(713) 572-2000
21
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