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OUINTON,CODE AND HILL-LEEDS AND BARNARD
MEMBERS AMERICAN

¯ ,"

SUITE

905

SOCIETY OIr CIVIL ENGINEERS

EDISO. N

LOS AN(3ELES,

BUILD!NG

CALIFORNIA

February

8, 1938.

Mr.Frank B. Claytpn,
BassettTower,
El Paso, Texas.
Dear Frank:
Inyour recen% letter to Mr. Harper youalluded to
the failure of McOlure to consider the interest of
Elephant Butte Irrigation District.
I have been.giving
considerable thought to the implications of this situation
and b@lieve that thetime has come. when the State ofTexas
should ceas~b~ing thedirect representative of an
irrigation district situatedin New Mexico.
"
So lOng~as.-Texas bears the"burden of protecting the
rights, of all lands under the Rio Grande Project, the
Official attitudeof New Mexicb isgoingto be the same
as that 6f~Middle Rio Grande Conservancy District.
This
was clearly brought out in the meetings of the Committee
of Engineers when Bliss not only failed to assist me in
discussions with Tipton but went so far as to mak~.demands
which favored Colorado beyond those that Tipton felt
justified in making. The only conclusion from Bliss’
attitude and from the expressions of McClure i~ that the
use of water below Elephant Butte Dam should be reduced
even if the benefit of such reduction would be solely
Colorado’s.
If this attitude is continued into the Compact
negotiations, and I see no reason to expect amything else,
it will put Texas in an untenable position.
I suggest, therefore, that you presentthe issue clearly
to Judge Mechem and Phillips...I think that they, either
directly or through political channels, should bring pressure
on the State Engineer of New Mexico to protect their
interests; also, that they should sit in on all conferences
of New Mexico interests to the end that~the Elephant Butte "
District may be given the same consideration by New Mexico
that the Middle Rio Grande Conservancy District is given.
If this is done, the Elephant Butte~District can demand of
McClure the schedule of deliveries into Elephant Butte
Reservoir which will. protect the Elephant Butte District.
Texas can likewise demand the same schedule of deliveries
in the Compact meetings as a protection to the lands in
Texas.
-
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QUINTON, CODF" AND HI LL- LEEDS AND BARNARD

Mr. Clayton.

-2-

2-8-38.

In order to accomplish the above and protect directly
the imterests of Texas land owners and indirectl~ the
~
interests of all lands in the Rio Grande Project, I
suggest that demand be made for the adoption of a
schedule of deliveries at Courchesne.
This schedule of
deliveries should provide:
(a) for all water diverted or lost to Mexico;
(b) for all consumptive requirements below E1 Paso;
(c) for drainage outflow in sufficient amount to
give a salt balance and provide equivalent service;
(d) for operating waste; and
(e) for water undivertible in the winter and in excess
of irrigation demands ~uring the irrigation season.
In round numbers these items would total 500,000 acre feet
per year.
I realize that a similar suggestion was categorically
-rejected at a general conference just prior to the Compact
Commission meeting in October.
I believe, however, that
the situation is sufficiently changed to warrant such a
demand from Texas.
In my judgment, the imterests of the
Elephant Butte Irrigatiom District will be better served
thereby than will be the case if the full burden of
providing for deliveries into Elephant Butte Reservoir
is placed upon Texas.

Sincerely yours,

E
0
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GROUND-WATER CONDITIONS IN THE RINCON AND
MESILLA VALLEYS AND ADJACENT AREAS
IN NEW MEXICO
By C. S. CONOVER

ABSTRACT
The Rio Grande in New Mexico winds through a succession of basins lying between
isolated northward-trending mountain ranges constituting part of the Basin and Range
physiographic province. The flood plain of the Rio Grande, in general, consists of wide
and narrow sections corresponding to alternately soft and hard rocks traversed by the
river. The Rincon and Mesilla Valleys are the two southernmost expanded flood plains
of the Rio Grande in New Mexico and are parts of the Rio Grande project of the U. S.
Bureau of Reclamation. Water for the project is stored at Elephant Butte Reservoir,
which was constructed to equalize the flow of the river to the Rio Grande project because large variations occur in the natural flow. Caballo Dam, about 20 miles south of
Elephant Butte Dam, permits control of irrigation water to the project after its use for
generating electric power at Elephant Butte Dam.
After the heavy precipitation of 1941, Elephant Butte Reservoir filled to capacity,
2,197,600 acre-feet, but drought conditions followed, and by early 1946 the reservoir
contained less than a year's normal supply of water for the project. The Elephant Butte
Irrigation District, the administrative control agency for the New Mexico part of the
project desired to know whether it would be advisable to try to develop a supplemental
ground-water supply for the district. The District and the U. S. Geological Survey signed
a cooperative agreement whereby the Ground Water Branch of the Survey would make a
ground-water study of the area to determine the feasibility of using ground water to supplement the present supply of surface water for irrigation in the district.
Below Elephant Butte Dam the Rio Grande flows westward for about 6 miles across
the northern end of the Caballo Mountains, a fault-block mountain of pre-Cambrian, Paleozoic, and Cretaceous rocks dipping to the east. The river then turns south, following
the western base of the mountains. The land rises gently west of the river in a series of
pediment slopes toward the Black Range, which forms the Continental Divide. At the
south end of the Caballo Mountains the river swings southeastward and crosses the
northward-trending Jornada del Muerto, an intermountain basin, and its southern extension, La Mesa, the river being bounded on the east by the Dona Ana, Organ, and Franklin Mountains. These mountains consist largely of tilted Paleozoic sedimentary rocks on
a basement of pre-Cambrian rocks, but they also contain Tertiary volcanic rocks. The
bolsonlike troughs between the mountains east and west of the river are filled with Tertiary and Quaternary sands, silts, clays, and gravels, constituting a valley fill that belongs largely to the Santa Fe formation of Miocene and Pliocene age. Overlying this material and terrace gravels, basalt lava flows, and the flood-plain deposits of thelRio
Grande, the latter forming the' smooth valley floor, generally bordered by steep bluffs,
which may exceed 100 feet in height
Ground water occurs beneath the plains of La Mesa and Jornada del Muerto. Generally the water is unconfined-that is, water-table conditions exist. The map showing
contours of the water table indicates that the ground water flows from La Mesa toward
the valley rather than following a possible former course of the Rio Grande toward Mexico. The hydraulic gradient of the water table ranges from as little as 1.2 feet to the mile
in the central part of La Mesa, where the aquifer is thick, to more than 100 feet to the
mile on the steep slopes along the mountains, where the aquifer is relatively thin and
the water is apparently upheld by the buried impermeable rocks of the mountains. The
depth to water is generally greatest (more than 400 feet) in the central parts of the
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plains, and least (less than 100 feet) toward the edges of the plains, near the mountains,
and along the valleys. The ground water beneath the plains is recharged from precipitation upon the upland and mountainous areas. In the La Mesa area, the recharge is estimated to be about 0.02 inch of water per year. The average annual precipitation is a little
less than 10 inches. The ground water from beneath the plains is discharged to the Rio
Grande at a rate estimated to be less than 1 cubic foot a second per mile of valley, with
that part in the Mesilla Valley approximating 40,000 acre-feet a year.
Water of the Rio Grande which generates hydroelectric power at Elephant Butte Dam is
stored in Caballo Reservoir for irrigation use. Diversions from the Rio Grande to the irrigated lands of the district are made at Percha Dam in the Rincon Valley and at Leasburg
and Mesilla Dams in the Mesilla Valley. A drainage system, consisting of 42 miles of
open drains in the Rincon Valley and 226 miles in the Mesilla Valley, discharges return
irrigation seepage to the Rio Grande.
The depth to the water table in the valley fill along the flood plain in the Rincon and
Mesilla Valleys is generally less than 10 feet. The ground-water level rises during the
irrigation season to a high level in late August and declines during the nonirrigation season to its lowest level in February or March. The water table, in general, slopes down the
valley at a rate of about 4.5 feet to the mile, which is essentially the same as that of the
valley floor. The ground water in the valley fill of the flood plain is recharged by infiltration of water applied to the land for irrigation, seepage from canals, seepage from certain stretches of the river, precipitation upon the flood plain, and ground-water flow from
the mesas and other elevated areas. Recharge by direct infiltration of precipitation is, on
the average, small.
Discharge of ground water in the valleys is essentially by seepage to the drains and
parts of the river and by transpiration by plants in areas of high water table. Discharge
of ground water in the project, as represented by the water returned to the river by the
drains, is 249,400 acre-feet a year when a normal supply of surface water is available for
irrigation. A quantity of ground water, which has not been exactly determined, is discharged directly to the river in certain stretches.
The coefficient of transmissibility of the alluvial deposits in the Rincon and Mesilla
Valleys averages 75,000 gallons a day per foot, as determined from pumping tests on 7
wells and from the relation between the accretion to 7 drains and the slope of the water
table perpendicular to them.
Ground water obtained by pumping in the Rincon and Mesilla Valleys does not represent
an additional supply or new source of water to the project, but rather a change in method,
time, and place of diversion of the supplies already available.
Sufficient water for irrigation can be obtained from wells throughout the major part of
the Rincon and Mesilla Valleys. Wells will "sand up" and special well construction may
be necessary to control it. Water for irrigation, generally in small amounts, can be obtained by drilling wells on the low bench lands that border the valley floor and in the
arroyos cut in them. Some wells in these areas will have only small yields.
In 1946 the anticipated shortage of surface water gave impetus to the drilling of wells
for irrigation water in the Mesilla and Rincon Valleys. The number of irrigation wells increased from 11 at the end of 1946 to about 56 at the end of 1947. By February 1948, 14
additional wells had been constructed or were under construction.
Some of the lands now irrigated from wells do not have water rights under the Rio
Grande project. There are about 15,000 acres of such lands on the flood plain and bordering higher land which could be irrigated by ground water. These lands, if developed,
would ultimately utilize about 38,000 acre-feet of water annually on a basis of 2.5 acrefeet per acre.
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The writer concludes that in a hypothetical year having only 50 percent of a normal
supply of surface water available for diversions, the project lands would require an additional acre-foot per acre of water from wells to assure successful irrigation of the
crops. However, because of the reduction in flow of the drains caused by pumping and
because of losses in distribution, the use of water from wells to supply this deficit
would require pumping 2.42 acre-feet per acre, or 213,000 acre-feet a year for the 88,000
acres of water-right land in New Mexico. Of the amount pumped, it is calculated that all
but 63,000 acre-feet would be diverted from surface-water flow. If supplemental pumping
were resorted to for 5 successive dry years, continued pumping would be necessary for
3 to 4 years after a return to normal surface supply so as to permit bypassing of the required share of water to the El Paso district, awaiting the restoration of ground-water
storage by recharge from surface water.
The total cost of pumping equipment and pumping of this supplemental water for a
period of 5 years with about 50 percent of normal surface supply, such as has been recorded in the past at San Marcial gage above Elephant Butte Reservoir, would be approximately one-fifth of the resulting additional gross crop returns, on the basis of the average gross return per acre from 1937 to 1946.
Substitution of pumping of ground water for the usual winter releases of surface water
for irrigation of a small percentage of the lands would result in a saving to the project of
possibly 34,000 acre-feet of water annually if no water were allowed to bypass the project in the winter.
The chemical quality of the shallow ground water in the alluvium of the Rincon and
Mesilla Valleys is slightly poorer than that of drain water but is satisfactory for most
irrigation requirements. Comparatively good water is obtained on the surrounding high
lands and in the arroyo beds.
As water pumped from wells in the Rincon and Mesilla Valleys is not an additional or
new supply but rather water that is normally intercepted by the project, continuing records should be kept of the amount of water pumped, of water-level measurements, and of
the location and performance of the irrigation wells. Measurements of the flow of the
drains should be made periodically and at enough points to determine the magnitude of
the effect of pumping upon the flow of the drains.
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INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATION

Prolonged drought conditions on the Rio Grande watershed during the preceding 5 years reduced surf ace-water storage so greatly that a serious water shortage seemed to impend in 1947, and
became more serious in 1948, for the Rio Grande project of the
Bureau of Reclamation. The annual supply of water allowable to
the project under the terms of the Rio Grande Compact is 790,000
acre-feet, including 60, 000 acre-feet required for delivery to
Mexico. The total amount of water available to the project, including about 105,000 acre-feet of water stored in El Vado Reservoir and owed to the project, had dropped to about 465, 000 acrefeet by the second week of August 1947. The amount of stored water in Elephant Butte Reservoir August 12, 1947, was 317,000
acre-feet, the lowest on record since operation of the reservoir
beganin 1916, and 29 percent of the average from 1915 to 1947 for
the last day in August. On the same date, the available 43,000
acre-feet of stored water in Caballo Reservoir was about average.
With another month of irrigation due in 1947, the carry-over water
storage would be very small and unless very substantial replenishment occurred there would be insufficient water for irrigation
in 1948. Rationing of water for the 1948 year was announced in
August 1947. The initial allotment of water was set at 1 acre-foot
per acre, subject to change if more water became available. In
addition, no winter releases of water were to be made, and no
water was to be delivered to lands lacking a full water right.
In 1946 the Elephant Butte Irrigation District, which comprises
the valley lands of the Rincon and Mesilla Valleys of the Rio
Grande in the New Mexico part of the Rio Grande project, anticipated a shortage of surface water because of the low stage of
Elephant Butte Reservoir. One of the measures considered to
relieve the impending shortage was the use of ground water for
irrigation. Intelligent planning of the use of ground water required
a knowledge of the ground-water conditions of the area. Accordingly, the district requested the U. S. Geological Survey to make a
study of the possibilities of pumping ground water for irrigation,
mainly from the standpoint of productiveness of wells and of the
effect that the pumping of wells wouldhave upon the surface-water
supply in the river and drains.
Field work, begun in 1946 by the author, consisted of obtaining
available information concerning the wells in the valley, primarily wells that would produce sufficient water for irrigation and
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municipal supply. Pumping tests were made on a few wells to
determine the hydrologic constants of the aquifer and the specific
capacities of the wells. Considerable data on file at the U. S.
Bureau of Reclamation, relative to the ground-water conditions in
the valleys in the early years, were studied. These data consisted
of measurements of depth to water in a number of auger holes over
a period of years; depth-to-water maps of the Mesilla Valley prior
to, and subsequent to, installation of the drains; profiles of the
water table across various drains and across the entire valley;
land classifications; records of surface-water diversions and
applications and return flow of the drains in past years; annual
project histories; and other related information.
In 1947, G. R. Chenot of the Geological Survey gathered data
concerning wells on the upland mesa lands bordering the Mesilla
Valley. He attempted to visit all known wells to determine their
altitudes, measure the depth to water in them, and obtain other
available data. Information concerning newly developed irrigation
wells in the valleys was obtained-at intervals, and periodic measurements of water levels were made in a few observation wells in
the valleys. Water samples for chemical analysis were collected
from a number of wells in the valley and on the mesa lands.
In February 1947, 2 lines of auger holes were placed across
the Park Drain on the Seale and Holt roads south of Mesilla Park
in order to determine the relation between the slope of the water
table and the accretion of ground water to the drain. Water levels
were measured in these wells every 2 weeks by the Geological
Survey, and the drain flow was measured every month by the
Bureau of Reclamation. In the same month, an auger hole was installed at the shelter for weather instruments at the New Mexico
College of Agriculture and Mechanic Arts to obtain a daily record
of the water level. Observations on this well have been made by
those employed to record the weather observations.
The studies in Rincon and Mesilla Valleys were .made under the
direction of A. N. Sayre, geologist in charge, Ground Water
Branch, Water Resources Division of the U. S. Geological Survey,
and under the immediate supervision of C. V. Theis, district geologist in charge of ground-water investigations inNew Mexico.
PREVIOUS INVESTIGATIONS

The earliest published report available on the ground-water conditions in the Mesilla Valley is that by Slichter (1905). At the time
of his investigation considerable interest was exhibited in the pump-
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ing of ground water from the valley fill as a means of supplementing the erratic flows of the Rio Grande. Slichter (1905, p. 13) investigated the underflow of the Rio Grande at the narrows above
El Paso and determined that the underflow did not exceed 50 gallons a minute. A number of auger test holes were bored in a line
across the valley on the east side of the river in the vicinity of
Mesilla Park to determine the gradient of the water table and the
changes caused byflows in the RioGrande. Slichter (1905, p. 2729) determined that the greater part of the underflow was evidently derived from the river and that only a small amount possibly
about 0. 5 cubic foot a second per mile along the valley was derived from the adjoining mesas. Data are given for pumping tests
made upon 12 irrigation wells near Las Cruces and Berino. Specific capacities of the wells ranged from a minimum of 5. 8 to a
maximum of 88.0 gallons a minute per foot of drawdown (Slichter,
1905, p. 34).
Lee (1907) inhis report on the water resources of the RioGrande
valley gave data on a number of wells in the Mesilla Valley, including 6 that had not been previously reported by Slichter. He
discussed the quantity, source, and probable disposal of the ground
water in the Mesilla Valley and concluded that the ground water
was probably discharged by evaporation in the valley (Lee, 1907,
p. 50). Although a few data indicated the possibility of groundwater flow into Mexico, Lee believed, because of the downcutting
of the Rio Grande in 'the Mesilla Valley and the accumulation of
surface water in the gravels of La Mesa, that the flow from La
Mesa, should be toward the Rio Grande rather than away from it
(Lee, 1907, p. 40, 50).
The rising water table in the Mesilla Valley caused by the increased dependable water supply after the beginning of operation
of Elephant Butte Dam in 1916 made installation of drains necessary. Preparatory to the installation of drains, auger holes were
installed throughout the valley by the Bureau of Reclamation and
water-table maps were prepared from the measurements of the
water level. The results of the ground-water observations were
incorporated in the annual project histories of the Rio Grande
project and in a drainage report by L. R. Fiock of the Bureau of
Reclamation in February 1917.
Dunham( 1935) discussed the geology of the Organ Mountains and
noted briefly the water conditions in a few of the mines.
The report of the Rio Grande joint investigation, 1936 to 1937,
contains only casual mention of the ground-water conditions in the
Mesilla Valley, except with respect to the quality of the drain and
subsoil waters (National Resources Committee, 1938, p. 451). In

TX_MSJ_005448

INTRODUCTION

'

the report Kirk Bryan states that, because the lands west of the
Rincon Valley are higher than the valley, the Rincon Valley must
receive water from, rather than lose water to, the west. He also
states that because the ground-water levels in La Mesa appear to
be higher than the floor of the Mesilla Valley, the Mesilla Valley
must receive ground water from La Mesa, and inasmuch as the
enclosed basins south of La Mesa appear to have altitudes higher
than the valley floor above El Paso, flow of ground water south to
Mexico from La Mesa appears unlikely (National Resources Committee, 1938, p. 225).
Chemical analyses of the surface, drain, and subsoil waters of
the Rincon and Mesilla Valleys, sampled during the Rio Grande
joint investigation, are contained in a report by Scofield (1938).
A reconnaissance investigation of the water supply for Las
Cruces was made in September 1936 by C. V. Theis 1 of the Geological Survey. He concurred with the city officials of Las Cruces
in locating the wells of the city on the mesa land to the east and
believed it possible to obtain water of a better quality than that
found in the valley.
A reconnaissance report was prepared by the Bureau of Agricultural Economics* on the possibility of obtaining water supplies
for a settlement in the southern part of the Jornada del Muerto,
east of the Dona Ana Mountains. The report included data on a
few stock wells and stated that the depth to water was in excess
of an economic pumping lift for irrigation.3
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WELL-NUMBERING SYSTEM

The system of numbering wells shown in this report is the same
as that used in other parts of New Mexico. The system is based
on the common designations of public land divisions, and by means
of it the well number, in addition to designating the well, locates
its position to the nearest 10-acre tract. The number is divided
into four segments by periods. The first segment denotes the
township north or south of the New Mexico base line, the second
denotes the range east or west of the New Mexico principal meridian, and the third denotes the section. In a county such as Dona
Ana County, where wells are situated both east and west of the
principal meridian, and E is added to the second segment of the
well number if the well is east of the principal meridian, but no
letter is added if the well is west of the principal meridian. In
counties in which no confusion can arise, the direction east or
west of the meridian is not given.
The fourth segment of the number, which consists of 3 digits,
denotes the particular 10-acre tract in which the well is situated.
For this purpose, the section is divided into four quarters, numbered 1, 2, 3, and 4, in the normal reading order, for the north-
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west, northeast, southwest, and southeast quarters, respectively.
The first digit of the fourth segment gives the quarter section,
which is a tract of 160 acres. Similarly, the quarter section is
divided into four 40-acre tracts numbered in the same manner,
and the second digit denotes the 40-acre tract. Finally, the 40acre tract is divided into four 10-acre tracts, and the third digit
denotes the 10-acre tract. Thus, well 23. 2E. 29. 342 in Dona Ana
County is in the NEteE^SW1/* sec. 29, T. 23 S., R. 2 E. If a
well cannot be located accurately to a 10-acre tract, a zero is used
as the third digit, and if it cannot be located accurately within a 40acre tract, zeros are used for both the second and third digits.
If the well cannot be located more closely than the section, the
fourth segment of the well number is omitted. When it becomes
possible to locate more accurately a well in whose number zeros
have been used, the proper digit or digits are substituted for the
zeros. Letters a, b, c, and d are added to the last segment to
designate the second, third, fourth and suceeding wells listed in
the same 10-acre tract.
The following diagram shows the method of numbering the tracts
within a section:
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In the well tables, pages 163 to 195 of this report, the wells are
arranged in numerical sequence of the well location number, wells
east of the principal meridian in a township preceding those west
of the meridian.
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FEATURES OF THE AREA
LOCATION AND GENERAL FEATURES

The area covered by this report includes the valley lands of the
Rincon and Mesilla Valleys in New Mexico and the adjacent mesa
lands bordering, primarily, the Mesilla Valley.
The Rincon and Mesilla Valleys, in the south-central part of
New Mexico, are two of the many widened parts of the Rio Grande
valley that are separated by narrows and canyons in the eroded
channel. The Rincon Valley lies north of the Mesilla Valley, in
Sierra and Dona Ana Counties, N. Mex.; the Mesilla Valley is in
Dona Ana County, N. Mex. and El Paso County, Tex. (See fig. 1
and pis. 1-3.)
The largest community in the Rincon and Mesilla Valleys is
Las Cruces, N. Mex., 45 miles north of El Paso, Tex. It had an
estimated population of 12, 000 in 1946, an increase of 43 percent
from 8, 385 in 1940. The only other town of appreciable size is
Hatch, about 36 miles north of Las Cruces, in the Rincon Valley.
It had an estimated population of 1, 400 in 1946, an increase of 70
percent from 822 in 1940. El Paso, in the El Paso Valley of the
Rio Grande, is a nearby trade territory and tourist center with a
population of about 109, 000. Across the Rio Grande from El Paso
is Ciudad Juarez, Mexico. Hot Springs (named Truth or Consequences in 1950), about 40 miles north of Hatch, had an estimated
population of about 5, 000 in 1946. It is a trade territory and health
and recreation resort. Various small settlements are distributed
along the Rincon and Mesilla Valleys, a few of which are Arrey,
Derry, Garfield, Salem, and Rincon in the Rincon Valley, and
Dona Ana, Mesilla, Mesilla Park, State College, San Miguel, La
Mesa, Berino, La Union, Anthony, and Canutillo in the Mesilla
Valley.
The New Mexico College of Agriculture and Mechanic Arts is at
State College, about 2 miles southeast of Las Cruces. White Sands
Military Proving Ground is on the east side of the Organ Mountains,
about 20 miles east of Las Cruces.
The area is served by the Atchison, Topeka, and Santa Fe Railway which runs along the Jornada del Muerto, east of the Caballo
Mountains that flank the Rincon Valley on the east, and enters the
Rincon Valley at Rincon about Smiles east of Hatch. From Rincon
the main line extends southward in the Rincon and Mesilla Valleys
through Las Cruces to El Paso, and a branch line goes westward
through Hatch to Deming. U. S. Highway 85 traverses the Rincon
and Mesilla Valleys from the north through Hatch to Las Cruces
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and El Paso, and U. S. Highway 70 crosses the Mesilla Valley at
Las Cruces. State Route 26 fromDeming enters the Rincon Valley
at Hatch.
The main industry of the valleys is farming, with 68 percent of
the crop acreage in 1946 in cotton, 19 percent in alfalfa, and 4
percent in pecans. The pecan acreage is increasing. Some truck
crops are grown quite successfully. Cantaloupes, chili, and onions
each made up about 1 percent of the crop acreage in 1946. The
total value of crop production for the Rio Grande project in 1946,
in New Mexico and Texas, was $39, 463, 471 or $251.90 per acre,
and in the New Mexico section alone was $20, 912, 574. Many cotton
gins, 2 cottonseed-oil mills, and 2 canneries are located in the
area, and plans for erection of an alfalfa mill are under way.

CLIMATE

The climate of Dona Ana County, N. Mex., typical of the climate
of the arid to semiarid parts of southwestern United States, is
characterized by clear and sunny days, large diurnal temperature
ranges, low humidity, and scant rainfall.
Weather records maintained by the U. S. Weather Bureau at
State College, south of Las Cruces, show a mean annual temperature of nearly 60 F. for the 89 years of record. The average
maximum temperature for July is about 93 F. .and the average
minimum, about 65 F. In January the average maximum temperature is 58 F. and the average minimum is 26 F. Large diurnal
temperature changes are common, summer temperatures sometimes exceeding 100 F. during the day and falling below 60 F. at
night. There is a long frost-free growing season of about 200 days
a year.
The low average relative humidity of less than 50 percent is a
factor in the high diurnal temperature changes and is also partly
responsible for the high annual evaporation of nearly 100 inches.
The rainfall in the valleys is scant, greater amounts falling on
the surrounding highlands that intercept the storms. The average
annual rainfall at State College is 8. 68 inches and that at the Jornada Experimental Range on the mesa, northeast of Las Cruces,
is 9. 60 inches. The higher peaks of the Organ and Franklin Mountains probably receive in excess of 15 inches a year. The distribution of precipitation during the year is such that more than half
the yearly total normally falls in July, August, and September.
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This distribution of rainfall is advantageous for growing crops,
but it is totally inadequate in amount and must be supplemented
by irrigation.
Variation in the time and amount of precipitation causes a
variation in the time and amount of irrigation water applied to
crops and also a variation in the ground-water levels. Relation
of the precipitation in 194-7 and part of 1948 to the water level,
measured daily in three auger test holes, is shown in figure 6.
The following tables taken from reports of the U. S. Weather
Bureau show data on precipitation at the Agricultural College,
Hatch, and Caballo Dam from 1930 to 1948. The precipitation in
1941 of 19. 60 inches at the Agricultural College was the greatest
for the 89 years of record, exceeding the previous record in 1881
by 4. 55 inches. The least annual rainfall was 3. 61 inches, in 1860.
Annual precipitation at stations in Rincon and Mesilla Valleys, N. Mex.,
1430-47
Agricultural
College
(Altitude, 3,863 feet)
Year
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947

Precipitation
(inches)
6.88
13.26
8.83
4.71
4.62
12.67
9.50
7.01
9.27
5.77
9.22
19.60
9.80
7.55
9.77
5.77
7.14
6.08

Departure
from average
-1.80
+4.58
+.15
-3,97
-4.06
+3.99
+.82
-1.67
+.59
-2.91
+.54
+10.92
+1.12
-1.13
+1.09
-2.91
-1.54
-2.60

Hatch
(Altitude, 4, 042 feet)

Caballo
Dam

Precipitation
(inches)

Precipitation
(inches)
16. 13
7.43
8.57
4.03
8.20
7.65
7.09
13.56
10.15
6.47
18.22
8.46
7.63
8.78
4.58
8.56
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Average monthly precipitation at Agricultural College, ,N. Mex.

January.................................................................................................. 0.32
February................................................................................................

.43

March................................................................................................... .32
April..................................................................................................... .22
May......................................... t...........................................................

.30

June.....................................................................................................

. 55

July..................................................................................................... 1.73
August.................................................................................................. 1.73
September............................................................................................. 1.35
October................................................................................................

'.70

November.............................................................................................

.54

December.............................................................................................

.49

Annual............................................................................................. 8. 68

Daily precipitation, in inches, at Agricultural College, N. Mex., 1947-48
[No precipitation on days not shown]
Date
1947
Jan.

Amount
2

Date
0.09
.07

1947-Con.
June
19

July

.47
.02

Amount

Date

0.03

Nov. 17

0.07

.25

18

.06

3

.18

31

.32

.03
Aug.

Amount

Dec.

.14

.46

.10

Feb.

.05

.07

Mar.

.36

.42

Jan.

28

.12

1.06

Feb.

4

.06

5

.28

Apr.

Trace

May

June

.06

1948

.18

.08

.18

6

.01

9

.01

228

12

.03

10

.04

.07

25

.31

22

.01

Sept.

Trace

26

.74

23

.04

Oct.

Trace

27

26

.01

Nov.

.06

Mar. 18

.02

17

.08

.26

30

.03

18

.38

.15

31

.11
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TOPOGRAPHIC FEATURES

Dona Ana County is traversed diagonally by the Rio Grande
(see pi. 1), which flows in the Rincon and Mesilla Valleys, two
of the many widened lowlands along the river. The valleys have
relatively smooth alluvial floors ranging in width from a few
hundred feet to a maximum of about Smiles in the vicinity of Las
Cruces. The altitude of the Rincon Valley ranges from about
4, 140 feet above sea level at Caballo Dam to 3, 974 feet at Leasburg Dam, a slope of about 4. 5 feet to the mile. Hatch, near the
center of the valley, has an altitude of 4, 054 feet. The altitude
of the Mesilla Valley ranges from 3, 974 feet above sea level at
Leasburg Dam to 3, 720 feet at the El Paso station 4 miles northwest of El Paso, a slope also of about 4. 5 feet to the mile. Las
Cruces, near the upper part of the valley, has an altitude of
3, 897 feet.
The valleys are bordered by steep bluffs, about 50 to 100 feet
high, of loosely cemented sand, silt, clay, and gravel. From the
bluffs, gently inclined plains extend back to the mountain. The
plainer mesa on the east side of Mesilla Valley that extends north
from Las Cruces to San Marcial, a distance of about 100 miles,
is called the Jornada del Muerto. It is nearly flat detrital plain,
10 to 20 miles in width, between the San Andres Mountains on the
east and the Caballo and Fra Cristobal Mountains on the west. It
has no drainage lines except at the southern end, near the river,
but numerous shallow depressions throughout its length catch
storm waters and form temporary lakes. The Jornada del Muerto
slopes southward about 4. 5 feet to the mile (Lee, 1907, p. 10)
The altitude of the center of the plain, at the lowest point east of
the Dona Ana Mountains, about 9 miles northeast of Las Cruces,
is about 4, 290 feet, or 360 feet above the level of the Rio Grande
to the west.
The plain west of the Mesilla Valley that extends southward
from near Las Cruces into Mexico is known as La Mesa. It is
similar to Jornada del Muerto in many respects. Its altitude at
the northern end is approximately the same as that of the southern
end of Jornada del Muerto, and the two formed a single plain previous to the excavation of the Mesilla Valley. La Mesahas a width
of 20 miles or more and is undissected by erosion and devoid of
surface drainage. It contains several broad, shallow depressions
(Lee, 1907, p. 10). The slope of La Mesa is southward about 70
feet in 30 miles, slightly more than 2 feet to the mile, or about
half that of Jornada del Muerto. The altitude of La Mesa west of
Black Mountain is about 4, 200 feet, or 375 feet above the level of
the river to the east.
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The Caballo Mountains parallel the Rincon Valley a few miles
to the east and separate it from the Jornada del Muerto. West of
the Rincon Valley the plains extend nearly to the Mimbres Mountains, about 20 miles distant. At the southern end of the Rincon
Valley is Selden Canyon, which has been eroded into the igneous
rocks that form the Sierra de las Uvas.
The northward-trending Organ Mountains, are about 15 miles
east of Las Cruces. The highest peak is Organ Needle, 9,012
feet above sea level. The Franklin Mountains extend south from
the Organ Mountains to the Rio Grande at El Paso. The San Andres
Mountains extend northward from the Organ Mountains about 70
miles and flank the Jornada del Muerto on the east. (See pi. 1.)
The West Potrillo and East Potrillo Mountains, which reach an
altitude of 5, 957 feet at Mount Riley, lie west of La Mesa and
extend about 25 miles northward from the international boundary.
Other minor mountains are: the Picacho Mountain and Robledo
Mountain, maximum altitude 5,876 feet, on the west side of "the
Rio Grande and extending northward from the vicinity of Las Cruces
to Leasburg Dam; Dona Ana Mountains, maximum altitude 5, 829
feet, on the east side of Mesilla Valley north of Las Cruces; Tortugas Mountain, elevation 4, 912 feet, about 3 miles east of State
College; and Black Mountain, about 6 miles west of Mesilla Valley
in the vicinity of Chamberino. (See pi. 1.)
The Rio Grande flows southward from Truth or Consequences
in Sierra County to the vicinity of the Sierra-Dona Ana County
line, thence southeastward across -Dona Ana County to ElPaso,
Tex. The flow of the Rio Grande in this area in summer is maintained principally by releases from Elephant Butte and Caballo
Reservoirs and in the winter by return drainage flow. Prior to
construction of Elephant Butte Dam the river was often dry for
months at a time. Slichter (1905, p. 21) states that there was no
water in the Rio Grande below El Paso for 9 months prior to August
25, 1904.
Many tributaries enter the Rincon and Mesilla Valleys. Most
are short arroyos that have been formed by storm runoff and
carry water only for short periods after sudden, heavy showers,
which occur principally during the summer. A few of the tributaries, particularly those that rise in the mountains west of the
Rincon Valley, have large drainage areas, and have small perennial flows in their upper reaches. The small perennial flows do
not reach the Rio Grande, either being diverted for irrigation or
sinking underground shortly after leaving the mountains. Only a
few large arroyos enter the Mesilla Valley, the principal ones
entering from the east in the vicinity of Las Cruces. (See pis. 1-3.)
TX_MSJ_005458
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There are a few springs in the area, particularly in the Organ
Mountains. The best known is Radium Springs, a mineral hot
spring at the head of the Mesilla Valley. A small spring, Derry
warm springs, issues from the limestone bluff on the east side of
the Rincon Valley about a mile north of the Sierra-Dona Ana County
line. (See analyses, p.152, 153.)
RIO GRANDE PROJECT

The Rio Grande project of the Bureau of Reclamation includes
most of the valley lands of the Rio Grande in New Mexico and Texas
from Caballo Dam southward to a point about 40 miles below El
Paso, a distance of about 130 miles. From Caballo Dam to Selden
Canyon, a distance of about 30 miles, the Rio Grande flows in the
Rincon Valley, which has a maximum width of about 2 miles.
(See pi. 2.) Below Selden Canyon the valley floor widens into the
Mesilla Valley, which extends about 55 miles southeastward to
"The Pass, " 4 miles above El Paso. The Mesilla Valley is one
of the larger widened areas along Rio Grande and has a width of
about 5 miles near Las Cruces. (See pi. 3.) The El Paso Valley
extends about 90 miles southward from El Paso and ranges in
width from 4 to 6 miles, but only the upper 40 miles is included
in the Rio Grande project.
The water for the Rio Grande project is stored in Elephant Butte
Reservoir, which has a capacity of 2,197,600 acre-feet, and in
Caballo Reservoir, which has a capacity of 345, 870 acre-feet,
about 28 miles below Elephant Butte Dam. Water released from
Caballo Reservoir is diverted from the Rio Grande to the canals
in the Rincon Valley by the Percha Dam, about 2 miles below
Caballo Dam; in the Mesilla Valley by the Leasburg Dam at the
head of the valley and by the Mesilla Dam, about 5^ miles southwest of Las Cruces; and in the El Paso Valley by the American
Dam, about 3 miles northwest of El Paso. Water for the Mexican
side of the El Paso Valley, generally referred to as the Valle de
Juarez, is diverted at the International Dam, about 2 miles below
the American Dam.
Gaging stations, equipped with automatic water-stage recorders,
are maintained at various points on the Rio Grande by theU. S. Bureau of Reclamation and by the International Boundary and Water
Commission. The stations on the Rio Grande pertinent to this report
areas follows: "Below Caballo Dam, " 0. 8 mile below Caballo Dam
and 1. 5 miles above Percha Dam; "Leasburg Dam;" "El Paso station," above American Dam; and "below American Dam," 0.6
mile below American Dam and 1. 5 miles above International Dam.
The flow at the El Paso station since the beginning of operation of
the American Dam, in June 1938, has been generally computed as
TX_MSJ_005459
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the sum of the flow at "below American Dam" and the diversions
from the American Dam to the American canal. Prior to installation of the gage "below Caballo Dam, " in February 1938, records
of flow were kept at Percha Dam. Small accretions to the river
take place between the Caballo Dam gage and Percha Dam. Diversions into the Bonita Lateral from Caballo Dam, about 1, 000 to
2,000 acre-feet per year, are not included in records at "below
Caballo Dam" station.
An extensive system of open drains has been constructed, covering practically the whole area of the project. Water from 42 miles
of drains in the Rincon Valley is discharged into the river above
Leasburg Dam, and water from 226 miles of drains in the Mesilla
Valley, except from two drains totaling 12 miles, is discharged
into the river below Mesilla Dam to be diverted for reuse in the
El Paso Valley portion of the project and in Mexico. (See pis. 2
and 3.)
The total area of land irrigated in the Rio Grande project in
1946 was 156,899 acres, of which 17, 000 acres was in the Rincon
Valley, 83, 911 acres in the Mesilla Valley, and 55, 988 acres in
the El Paso Valley. Of the irrigated land in the Rincon Valley,
3, 087 acres was in Sierra County, and of that in the Mesilla Valley,
10,812 acres was in Texas. The division of irrigated lands in the
project amounted to 90, 099 acre sin New Mexico and 66, 800 acres
in Texas.
Land that is "subject to construction charges" of the project is
referred to as "SCC" land andcarries a full water right. The remainder of the area of land within the limits of irrigation from the
canals is classified as suspended lands, rights-of-way,or excluded
class 6 (permanently nonarable). The suspended lands are classified into nine categories dependent upon the conditions of the individual tracts. Prior to 1939 the SCC land in New Mexico was
88, 000 acres. In 1939, by agreement between the irrigation districts and theU. S. Government, the area of SCC land in the project was increased by 3 percent in order that the collection of assessments, allowing for delinquencies, would equal that needed
for payment of construction charges. The total SCC classified
land inNew Mexicoin 1946 was 90, 623 acres, the total suspended
land, 10, 985 acres, and the total excluded class-6 land, 547 acres.
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The classifications of the valley lands in 1947, as obtained
from the Bureau of Reclamation, are given in the following table:
Classification of lands in the Rincon and Mesilla Valleys in 1947
Classification

New Mexico
(acres)

Texas
(acres)

Total
(acres)

Land subject to construction charges......

90,616
10,304
7,120
11,526

10,782
857
1,175
1,017

101,398
11, 161
8,295
12, 543

Total.........................................

119,566

13,831

133,397

Irrigated:1
SCC land.....................................

96,089
5,635

Total.........................................

101,724

1Irrigated land included in the total 133,397 acres above.

The classification is given for 1947 in preference to 1946 as the
Bureau of Reclamation included in its compilation for 1947 some
riverbed areas and additional right-of-way areas not previously
reported. The total area of irrigated lands, suspended lands, and
class-6 lands was essentially the same in 1947 as in 1946. Because of the inclusion of additional right-of-way and riverbed areas,
the total area shown for New Mexico in!947 (about 120,000 acres),
more nearly represents the total area of the New Mexico part of
the flood plain of the Rincon and Mesilla Valleys than that given in
1946 (about 112,000 acres). However, the figures for 1947 do not
include some water-consuming valley lands that lie outside the
boundaries of the irrigation district, such as the Selden Canyon
area; areas outside the limits of the canal system; and other areas
of rights-of-way and riverbeds not at present determined.
For comparative purposes and in order to get a more detailed
picture of the areas of land having various classifications, the
following table has been taken from table C of the report of the
Rio Grande joint investigation (National Resources Committee,
1938, p. 420-421).
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The areas included in the two foregoing tables are not strictly
analogous because of the omission of various areas in the 1947
tabulation as given above. A difference of about 5, 000 acres for
the total valley acreage in New Mexico is evident. The total of
138,000 acres probably is nearly equal to the area of the valley
floor of the Rincon and Mesilla Valleys in New Mexico and Texas
and is the maximum area from which water in the valleys can be
transpired or evaporated to the atmosphere.
For the purpose of collection of charges, the lands in New Mexico
are under the Elephant Butte Irrigation District and those in Texas
under the El Paso County Water Improvement District. These
districts are under contract with the United States to repay construction costs of the project and to advance funds for operation
and maintenance of the irrigation system.
GEOLOGY

A detailed study of the geology of Dona Ana County was not made
during the course of this investigation. The reader is referred to
published reports on this area, the most complete and comprehensive of which is that by Dunham (1935). Included in the report by
Dunham is a geologic map of Dona Ana County based on that by
N. H. Darton as revised by Dunham. An account of the geology
of the county by Dunham is also included. A general discussion on
the geology of the RioGrande depression is given by Bryan (1938,
p. 197-225). The geology of La Mesa is discussed briefly by
Sayre (Sayre and Livingston, 1945).
The most important deposits of the area, with respect to the
occurrence of ground water, are the unconsolidated and partly
consolidated sediments of Tertiary and younger age that cover the
major part of the county. The deposits consist of varying proportions of clay, silt, sand, and gravel that partly fill the deep rock
troughs between the mountains. These deposits can be separated
into the older, slightly consolidated sediments that make up the
greater part of the fill underlying La Mesa and the Jornada del
Muerto and the younger unconsolidated deposits locally mantling
the underlying older deposits.
The older sediments are generally referred to as the Santa Fe
formation and were probably deposited during late Tertiary(Miocene and Pliocene) time( Sayre, and Livingston, 1945 p. 37, 39;
Dunham, 1935 p. 175, 176; Bryan, Kirk, 1938, p. 205). The ypunger
sediments were deposited in the Quaternary period during the
Pleistocene and Recent epochs (Sayre and Livingston, 1945, p. 37),
and they overlie the Santa Fe formation as outwash fan deposits,
mainly on the surface of La Mesa and the Jornada del Muerto, and as
alluvium deposited by the river in the valleys during successive
periods of scour and fill.
TX_MSJ_005463
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As the Santa Fe formation and the younger sediments were deposited and eroded from the same general rock formations by meandering streams and arroyos, they, as a consequence, have the
same general character, and as they are nonfossiliferous it is
not always possible to differentiate between them.

CHARACTER OF SEDIMENTS

The older, slightly consolidated deposits of the Rio Grande
consist of alternate layers and lenses of variable thickness of clay,
silt, sarid, and gravel. The lateral extent of the layers is likewise quite variable, and these thicken or pinch out in short distances. |In the Mesa well field in El Paso, individual beds of the
bolson sediments found in 45 wells drilled at intervals of 300 feet
in two lihes 300 feet apart could not be correlated between more
than 2 or 3 adjacent wells (Sayre and Livingston, 1945, p. 28).
1i
In wells 1, 3, and 5, of the city of Las Cruces, which are within a radius of about 150 feet, the available logs (see table 6,
p.143) shbw very little correlation of individual beds. The lack of
similarity in these wells is due, in part, to the fact that different
drillers do not identify like formations alike. However, city wells
3 and 5 were put down by the same driller, though an interval of
about 9 years occurred between the drilling of the wells.
The available logs of three Agricultural College wells, 23. 2E.
29. 243i 243b, and 243c (see table 6, p.143), which are within a
radius of about 30 feet, show very little correlation, except possibly for the layer of fine sand at a depth of about 80 to 150 feet.
The hard dark formation penetrated in well 23. 2E. 29. 243c from
182 feet to 282 feet does not seem related to the sand, gravel, and
clay at a corresponding depth in well 23. 2E. 29. 243.
The sediments that underlie the pediments west of the Rincon
Valley, particularly those from near Arrey northward to Truth or
Consequences, apparently contain clay layers that in places extend
westward for several miles. Direct correlation of beds is lacking,
but the artesian wells drilled in the floors of 3 tributaries to the
Rio Grande from the west, Mud Springs Draw, Animas Creek, and
Percha Creek , give indirect evidence of continuous clay layers.
In the well of O. B. Dawson, 16.5.23.300 (see table 12, p. 1,64^
which is drilled in the floor of Percha Creek about 1. 5 miles west
of Caballo Reservoir, flowing water is obtained at a depth of 160
4Murray, C. R. , (in preparation)Ground-water conditions in the nonthermal artesian water
basin south of Hot Springs, Sierra County, N. Mex.: (New Mexico State Engineer bienn, rept.)
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feet, the flow increasing with depth to the bottom of the well at
226 feet. The clay layers may be more extensive in the tributaries
than in'the pediments because of deposition of sediments by flood
flows in the arroyos. However, evidence of some continuity of
clay beds in the Santa Fe formation west of Arrey is given by the
water level in well 17.5.10.442. This well was drilled on the
pediment, about 100 feet from its edge, at an elevation of approximately 40 feet above the floor of the adjacent Montoya Arroyo.
The water level in the well, which is uncased and 207 feet deep,
is about 16 feet below the surface of the pediment and about 25
feet above the floor of the adjacent arroyo.
The character of the Santa Fe formation is given by the drillers'
logs in table 6 (p. 143 to 161) and by the following section (Sayre, and
Livings ton, 1945, pp. 32, 33X
Section of La Mesa in railroad cut half a mile west of Anapra, Dona Ana County, N. Mex,

Sandy soil, reddish-buff, partly removed.
Caliche hard, dense, white, grading downward into very
fine.gray sand..........................................................
Sand, light-gray, moderately fine, uncemented and containing some layers of gravel with igneous rock pebbles
derived mostly from lava flows....................................
Clay, brown, sandy.......................................................
Quartz sand, medium-grained, mixed with white pellets of
calcium carbonate.....................................................
Sand, medium- to coarse-grained, salt-and-pepper colored
Clay, brown to gray, sandy............................................
Sand, crossbedded,, light-gray, medium- to coarsegrained, contains some coarse gravel..........................
Sand, light-buff, fine-grained, massive, clayey, containing
irregular lenses of clean sand. Near the base are numerous tubes of sand cemented with calcium carbonate.........
Sand, extremely fine-grained, gray, with layer of coarse
sand near middle.......................................................
Clay, gray, much disturbed and broken............................
Sand, medium-grained, gray, containing near the base
laminated layers of alternating black and white sand........
Sand, light-buff, clayey, crossbedded ............................
Sand, medium-grained, loose, gray...............................
Sand, buff to gray, fine-grained, crossbedded; contains
pellets of clay and caliche on the bedding planes.............
Sand, mostly covered....................................................
Clay, light-buff, and sandy clay......................................
Sand, fine-grained, light-gray,
crossbedded..................
Clay, laminated, light-buff, and sandy clay......................
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Sand, fine-grained, gray, crossbedded....................
Clay light-buff, massive..........................................
Sand, massive, fine-grained, cemented, yellowish-buff,
grading into less-cemented gray sand near base and
partly covered...................................................
Clay, chocolate-brown,and light-buff massive sandstone
interbedded................ .....................................
Sand, brown, crossbedded, partly covered................
Clay, buff to chocolate-brown, silty.........................

3
2.
30
11
10
9
234.8

The Pleistocene and Recent unconsolidated sediments in the
valley are predominantly sand and gravel with some thin beds of
sandy clay. They are generally very loose and cause trouble in
wells by running into them.
THICKNESS OF SEDIMENTS

The maximum thickness of the sediments of the Santa Fe formation in Dona Ana County is not known, but unconsolidated sediments are reported in wells of depths as low as 1,330 feet. A
few comparatively deep wells have been drilled. The deepest well
reported is the oil test of the Picacho Oil and Gas Syndicate,
23.1.15. 211, an abbreviated log of which is given in table 6 (p.
143).This well was drilled on La Mesa, west of Las Cruces, about
1 mile from an outcrop of rock that forms part of Picacho Mountain. The log apparently shows about 550(?) feet of Tertiary or
younger sediments at this location.
Near the southern part of La Mesa the Southern Pacific Co.
drilled a well (28.2E. 24. 110), at Strauss to 1,330 feet, entirely
through unconsolidated sediments. The Lippincott well, 28. 3E.
25., in the lower part of Mesilla Valley is reported to have been
drilled inlimestolie at822 feet (Sayre and Livingston, 1945, p. 35).
The well of Edwin Parker, 21. 2E. 12. 222, on the Jornada del
Muerto about midway between the San Andres and the Dona Ana
Mountains was drilled to 631 feet. Limestones and sandstones
predominate below 474 feet and the well ends in 80 feet of limestone. The limestone may be similar to the limestone that dips
westward beneath the sediments from the west side of the San Andres
Mountains,
Valley-fill deposits west of the Rio Grande, north of the Rincon
Valley, are believed by Murray 5 to extend to depths in excess of
'Murray; C. R., op. cit., p. 25.

TX_MSJ_005466

GEOLOGY

25

2,100 feet, as shown by a well drilled to that depth in the Palomas
River, about 10 miles north of Caballo Dam.
The well on the Stahman Farms, 24. IE. 1. Ill, in the Mesilla
Valley near Mesilla, apparently was still in the Santa Fe formation at 331 feet.
The thickness of the flood-plain deposits of the Rio Grande constitutes an unsolved problem, according to Bryan. He states that
in periods of high water the river is capable of transporting gravel
that 'at ordinary times is unknown in the riverbed; thus the depth
to gravel in the riverbed may be taken as a rough measure of the
depth of scour in great floods. He states, "It seems probable
that there is in the larger valleys [of the Rio Grande] from 100
to 250 feet of relatively recent deposits of flood-plain type above
the Santa Fe formation." (Bryan, 1938, p. 218.)
As the Mesilla Valley is constricted at both the upper and lower
ends by consolidated rocks that are exposed, it seems logical that
rock lies a't comparatively shallow depths in those areas. The
well of Isaac Rhodes, 21. 1. 13. 323, at the upper end of the Mesilla
Valley and at the edge of an arroyo on the east side of the valley,
was drilled in "rock" from 93 feet to the bottom of the well at
about 215 feet. This rock may be similar to the igneous rocks of
the Dona Ana Mountains on the east and to those that crop out in
the valley at Leasburg Dam about l| miles north of the well.
"Rock" was reportedly struck at about 125 feet in the well of C. C.
Rice, 21.1. 11.431, which is locate don the pediment at Fort Selden
about 50 feet above the valley and about three-quarters of a mile
south of the rock outcrop at Leasburg Dam. In the lower end of
the Mesilla Valley, the maximum depth of the fill in the gorge of
the Rio Grande at the narrows above El Paso has been shown by
Slichter (1905, p. 1, fig. 2) to be not more than 86 feet.
The thickness of Quaternary fill near the central part of the
Mesilla Valley, on the basis of the reported log of well 24. IE. 1.
Ill, appears to be about 104 feet, as most of the gravel was encountered above this level. However, on the basis of gravel reported in the log of the railroad well atLas Cruces, 23. IE. 13. 244,
the thickness of the Quaternary fill there appears to be about 220
feet.
In the Rincon Valley, available well logs show that clay is present
at comparatively shallow depths below the Quaternary alluvium.
This clay, which is usually called "heavy red gumbo" or "joint
clay" by the drillers, is reportedly dry and is thought by the drillers to have considerable thickness. According to Jeff Chandler,
well driller at Mesilla Park, a well was drilled at Hatch in the
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early years to a depth of 1,100 feet, and nothing but clay was
found below about 80 feet. Water was obtained only in the sand
and gravel above 80 feet. No substantiating data were obtained
on this well. No other wells were reported drilled to this depth
in the Rincon Valley. The drillers consider it useless to try to
drill through this clay. As water is available in the shallow alluvium in sufficient quantities for all needs, the only incentive for
drilling wells through the clay is the hope of obtaining water of
better quality for domestic use. In the following table the wells
for which data were obtained are listed in order downstream in
the Rincon Valley showing the depth at which clay was found.
Reported depth to clay in wells for which data were obtained in Rincon Valley
Name

Welch......................
Black.......................
Black.......................

Boggs....... .................
Village of Hatch. ........

Well location
no.

Total
depth
of well
(feet)

Depth
to
clay
(feet)

Reported description
of clay

1,52
101
68
88
59
64
71

128
73
68
84
59
64
66

17.4.30. 133a

97

70

18.4.9.130
18.4.17.312
18. 4. 34. 211
18. 4. 35. 231
18.4.35.310
18. 4. 35. 221
19.4.3.234
19.4.11.221
19.3.9.121a
19. 3. 10. 333
19.3.15.443
19.2.26.300

100
70
245
68
230
214
68
74
70
69
53
150

50
65
70
56
60
114
68
70
68
69
46
55

16. 5. 25. 343
17. 5. 24. 333
17.5.26.212
17.5.26.242
17.5.25.123
17. 5. 25. 134
17.4.31.111

Soft red rock.
Red gumbo clay.
Clay.
Clay.
Joint clay.
Clay.
Red and white
clay with gray
sand.
Red and white
clay.
Blue clay.
Clay.
Clay.
Clay.
Clay.
Red-brown clay.
Clay.
Heavy red clay.
Clay.
Clay.
Heavy red clay.
Red clay.

Drilling of most of the wells was stopped as soon as the drillers
definitely recognized clay. A few wells were drilled deeper with
the hope of going through the clay. The deepest well reported was
that of Mr. Simms, which was drilled in clay from 70 to 245 feet,
except for a rock about 2 feet thick at about 110 feet. Of the 20
wells listed in the table, 18 reported clay at depths from 46 to 84
feet. TheOsborn well, with clay at 128 feet, is located in the floor
of Percha Creek about 40 feet above river level. With the exception
of theOsborn, Powers, Plemmons, and Welch wells, all are located on the valley floor. The average depth to clay in the 16 wells
on the valley floor is less than 70 feet. The thickness of the Quaternary alluvium in the Rincon Valley thus appears to be fairly
uniform and somewhat thinner than in the Mesilla Valley.
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OCCURRENCE OF GROUND WATER IN UPLAND AREAS

In order to establish the depth to water and the direction of flow
of the ground water under the upland area in Dona Ana County adjacent to the Mesilla Valley, as much information as possible on
the existing wells was obtained by G. R. Chenotin 1947. The depth
to water was measured in many wells and the altitude of each well
was determined by use of the aneroid barometer and the U. S.
Geological Survey topographic quadrangle maps. Other available
information such as the depth of the well, productiveness, materials penetrated, and quality of the water, was obtained generally
from the owners. Water samples for chemical analysis were obtained from various wells. Measured depths to water were checked
against reported depths in order to judge the reliability of reported depths in wells where measurements were not possible.
Topographic quadrangle maps of the U. S. Geological Survey
covering 15 minutes of latitude are available for all the area of
Dona Ana County from the Mexican border northward to latitude
32° 30' N. They have a contour interval of 25 feet, with the exception of the quadrangle maps between the Mexican border and latitude 32°00'N. and between longitude 106°30'.and 107°15'W., which
have a contour interval of 10 feet. Vertical and horizontal control
in the area covered by the quadrangle maps was excellent. The
elevations of the wells north of the Dona Ana Mountains, on the
Jornada del Muerto, were obtained by using an aneroid barometer
and are subject to some error as the distance between bench marks
and check points was great and resulted in a comparatively long
time interval between readings. However, the elevations of sufficient check points were read on different days to eliminate any
large errors.
The resulting ground-water contours are shown on the accompanying map, plate 1. In drawing the contours greatest reliance
was naturally placed upon the wells in which the depth to water was
measured. With these measured depths to water as controls, the
contours were drawn for the other areas, the elevations of the
water table being calculated from reported depths to water as
guides, more reliance being placed upon some than others. The
areas showing various depths to water were defined by subtraction
of the ground-water contours from the ground-surf ace contours and
are therefore as accurate as the water-table contours.

DEPTH TO WATER

The depth to water in the upland are as in Dona Ana County ranges
from less than 25 feet to more than 400 feet. Generally the areas
317Z67 O - 55 - 3
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of greatest depth to water, more than 300 feet, are in the relatively flat plains away from the mountain fronts, such as the La Mesa
surface in T. 26 S., R. 1 W. The depth to water generally decreases toward the east side of the Jornada del Muerto and the
west side of La Mesa, where the aquifer is relatively thin and the
buried rocks of the mountains that form the floor of the aquifer
rise, thus holding the water at a higher level than in areas farther
from the mountains. The depth to water may therefore be very
shallow in the arroyos along the mountain fronts where the deposit
of alluvium is thin.
In the Jornada del Muerto, north of the Dona Ana Mountains, the
depth to water ranges from 200 to 300 feet below the surface in
the western half of the Jornada Experimental Range. A little farther east the depth to water apparently increases to between 300
and 400 feet in a narrow north-south strip and then gradually decreases eastward toward the San Andres Mountains. Northwest
of the Dona Ana Mountains the depth to water is about 200 feet and
it decreases westward to less than 25 feet near the Rio Grande.
In the Jornada del Muerto, south of the Dona Ana Mountains and
east of Las Cruces, the depth to water gradually increases from
less than 25 feet at the eastern edge of the Mesilla Valley to more
than 400 feet in a narrow north-south strip about 8 miles east of
the valley. Farther eastward toward the Organ Mountains the
depth to water decreases and is generally from 100 to 200 feet in
the vicinity of Organ.
At the southeastern edge of the Sierra de las Uvas, west of the
Mesilla Valley, the depth to water is less than 25 feet. Southeastward the depth to water gradually increases to more than 400 feet
in a strip about 4 miles wide roughly paralleling the eastern side
of the Aden and the Sleeping Lady Hills, and in an area of La Mesa
west of Black Mountain near Af ton. Farther east the depth to water
decreases to about 300 feet along the top of the bluff that parallels
the western side of the Mesilla Valley. From the top of the bluff
eastward to the valley, a distance of about 2 miles, the depth to
water decreases rather abruptly from about 300 to less than 25
feet.
The depth to water, as projected in some areas on the map
(pi. 1), is probably greater than the thickness of the sedimentary
deposits where masses of igneous rock occur at or near the surface. In such areas water will not be obtained if the rock is impermeable. Some wells on the Bissell ranch have been drilled to a
depth greater than the indicated depth to water but have failed to obtain sufficient water for stock purposes. Some of the lavas near Af ton
occur at the surface above the sediments (Sayre and Livingston,
1945, p. 24). In this area water may be found below the lava at
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the indicated depth to water. If intrusive sills or other impermeable
igneous rocks occur at the indicated depth to water, drilling below
the impermeable beds will probably reach confined water, which
will rise in the well to the indicated water level.
The well on the Corralitos ranch, 23.1. 32.330, which was drilled
to 501 feet, reportedly penetrated an igneous flow or sill from 165
to 320 feet, a sandstone from 320 to 430 feet, and a rust-colored
sand from 430 to 501 feet. The estimated depth to water as reported was 350 feet but, as indicated on the map, is probably a
little less than 400 feet. The Malpais well, 26.1. 16. 330, on the
Braidfoot ranch was drilled in a sink in the lava to a depth of 445
feet and reportedly reached water in sand and clay below the lava
at 406 feet. The Aden station well of H. S. Bissell, 25. 3. 2. 220,
on a small rise, reportedly was drilled through about 440 feet of
red igneous rock to seeps of water yielding about 15 gallons a
minute at 440 feet. The reported depth to water is 444 feet.
Other wells also have probably obtained water below lava, but
data on many of the wells are scant.
Data on the depth to water obtained during this investigation
differ from those reported by Lee (1907, p. 38-40). The following
table gives the depths to water in various wells as reported by Lee
and as collected from various sources during this investigation.
The difference in depth and water level as shown for well 29. IE.
6.110 for early and present dates may possibly be due to comparing different wells in the same locality, or may be due to inaccurate
reporting. Actual changes in water level may have occurred. The
water levels show a rise from the time reported by Lee to later
dates. The Lanark well 1 shows a fall in water level from 1899 to
the time reported by Lee. On the data for this well one could postulate that water levels declined from early years to a low level in
the year reported by Lee and then rose again. However, as all
depths to water reported by Lee are lower than those obtained for
the same wells from other sources, there may be a consistent
error. It is not known how many, if any, of the depths to water
reported by Lee were measured by him or were values reported
to him. The apparent rise in water levels is greater than one would
expect to find in static levels under a'n area such as La Mesa where
the annual rainfall is small. It therefore appears that the reported
values are somewhat unreliable.
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Well
location
no.

J. D. Isaacs.
W. F. Isaacs.

Owner
or
name

1905 (?)
1947
1905 (?)
1947
1899
1905 (?)
1905 (?)
1947
1917
1941
1918
1941
1945
1910-20(7)
1947
1905 (?)
1947 (?)
1905 (?)
1914
1916

Lee, W. T. (1907. p. 38)
Owner and measurement.

Date of
reported
water level

Source
of
information

Owner and measurement.

........do......................

Noria well 3

Noria well 1

Southern Pacific Co.
........do........................
........do........................

........do........................

........do......................

Lee, W. T. (1907, p. 40)
R. A? Gardner. ............
Lee, W. T. (1907, p. 40)

........do......................... ........do......................

do................. ........do......................... El Paso office file. .........
........do......................... Railroad log 3085. .........
do......... . ....... ........do......................... El Paso office file..........

Philiips Hoie

J. B. Stabling.
Mrs. Annie Braidfoot.

Mr. Hawkins.

Lee, W. T. (1907, p. 40)
Owner and measurement.
H. S. Bissell.
Hawkins
Railroad log 3049. .........
Lee,
W. T. (1907, p. 40)
do................. ........do.........................

Field
name

+85 (?)
+37 (?)

+32.5

358
321

350
435
400
438
565
560

+12
+14

+2

+24

-15

+19

+1.5

Apparent difference in
water level,
earliest to
latest report
(feet)

265

292
290.5
170
151.0
365
380
311
286.9
342
340
342
330
328
325
392.5

Depth
to
water
(feet)

330
325
218
180
950
945
350
314
950
950
705
705
550
400

Depth
of
well
<feet)

Comparison of water levels in Dona Ana County, N. Mex., at different times and as reported from different sources
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MOVEMENT AND FLOW OF GROUND WATER

The contours of the water table on the accompanying map (pi.
1) connect points of the water table having equal altitude. The
direction of flow of the ground water is perpendicular to the contours, from higher to lower elevations. The flow of ground water
in a homogeneous aquifer of constant width and thickness is proportional to the gradient or slope of the water table that is, to
the spacing of the contours.
The general direction of flow of the ground water in the upland
areas of Dona Ana County is from the higher elevations toward the
lower along the Rio Grande. The movement of some of the ground
water, however, is quite circuitous.
North of the Dona Ana Mountains, in the Jornada Experimental
Range, ground water flows westward from the San Andres Mountains and is joined by ground water from the Jornada del Muerto
to the north and from the eastern slope of the hills on the east side
of the Rio Grande. This water is indicated as flowing through a
gap north of the Dona Ana Mountains into the Rio Grande in the
vicinity of Leasburg Dam, near Fort Selden.
A ground-water divide evidently occurs in the broad saddle
formed between the Dona Ana Mountains and the San Andres Mountains, so that the ground water on the northern slope flows toward
the Jornada Experimental Range and that on the southern slope
flows to the river in the vicinity of Las Cruces. Ground water
originating west of the Organ Mountains flows westward to the
Mesilla Valley.
Ground water originating from runoff on the east side of the
Sierra de las Uvas flows to La Mesa through the gap between
Sleeping Lady mils and Rough and Ready mils, T. 22 S., R. 2 W.,
and through the gap between Sleeping Lady Hills and the Aden Hills,
Tps. 23 and 24 S., R. 2 W. The ground-water contours suggest
that a ground-water divide occurs in T. 21 S., R. 2 W., and a
small part of the ground water on the east side of the Sierra de las
Uvas may flow northeastward to the Rio Grande through alluvial
fill in canyons and arroyos.
Ground water that originates to the west and south of Robledo
Mountain in part finds its way to the Rio Grande in the vicinity of
Las Cruces. A ground-water divide probably occurs between
Robledo Mountain and the Rough and Ready Hills, about 4 miles to
the west, and thus a small part of the ground water probably reaches
the Rio Grande northward by way of Faulkner Canyon.
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Most of the ground water that originates from precipitation on
La Mesa south of T. 23 S. and that which flows through the gap
between the Sleeping Lady Hills and the Aden Hills flows southward
on the west side of Black Mountain, where it is joined by ground
water from the east slope of the Potrillo Mountains, and then moves
eastward to enter the Rio Grande near Strauss.
Lee (1907, p. 39-40), on the basis of reported water levels in
the wells owned by the railroad at Lanark and Noria on the La
Mesa surface north of the Mexican boundary, stated that the water
table sloped southward 20 feet in 12 miles or 1. 7 feet to the mile
and presumably, therefore, ground water flowed southward from
the Rio Grande and La Mesa to Mexico. Lee (p. 40-50) recognized
that his meager data indicated a flow southward but, because of the
downcutting of the river that formed the Mesilla Valley and the
accumulation of water in the gravels of La Mesa, he believed that
the underflow down the probable old channel of the river on La
Mesa had been reversed and that the ground water flowed into the
valley. As Slichter (1905, p. 9-13) had demonstrated that very
little ground water escaped from the Mesilla Valley through the
narrows at El Paso, Lee showed that the more probable escape
of both the water moving from La Mesa to the valley and the water
lost from the river in the valley was by evaporation in the valley.
Information gathered during this investigation confirms Lee's
belief that ground water does not flow southward under La Mesa to
Mexico but rather, from the Mexican boundary, between the East
Potrillo Mountains and the Rio Grande, northward and eastward to
the Rio Grande. Conflicting data gathered on various wells in this
area do not indie ate that there is an appreciable change in the configuration of the water table, shown on plate 1.
The depths to water in the Lanark and Noria wells, as recorded
in well logs obtained from the railroad, are 365 and 321 feet, respectively, and the altitudes of the wells, as reported by Lee, are
4, 156 and 4, 114 feet, respectively. Thus the water table is shown
as being 2 feet higher at Noria than at Lanark. If altitudes of 4,170
and 4,124 feet at Lanark and Noria, as determined from the topographic quadrangles, are used with the depths to water as recorded in well logs obtained from the railroad, then the water table
at Noria is 2 feet lower than at Lanark. Even if the data as reported by Lee, which show the water table 20 feet higher at Lanark
than at Noria, are assumed to be correct, it. does not necessarily
follow that the ground water flows southward, as a ground-water
trough lies between Lanark and Noria. (See pi. 1.)
If the depth to water in the Herrington ranch well, 29. IE. 6.110,
reported by Lee to be 350 feet, and that in the well at Noria, 29,
IE. 8. 210, 358 feet, are considered correct, then alow spot is
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indicated in the contours of the water table that would shift the
3, 800-foot contour to the west of Noria. However, the water level
measured in 1947 in well 28. 2E. 31. 340 does not allow an appreciable change in the shape of the contours. It is probable that a
ground-water divide occurs just south of the international boundary, in the area between the East Potrillo Mountains and the Cerro
de Muleros, similar to that indicated in the vicinity of Mount Riley
and Malpais sidings.
A ground-water divide occurs between the Sierra de las Uvas
and the West Potrillo Mountains. West of R. 3 W. the ground
water apparently flows westward into the topographic basin east
of the Florida Mountains in Luna County, and thence southward
east of Columbus, N. Mex., into Mexico.
The ground water west of the Rincon Valley in the area traversed
by Placita Arroyo is shown as flowing toward the Rio Grande in
the vicinity of Hatch. Wells in this upland surface are too widely scattered to indicate the exact slope of the water table or the
exact direction of flow.
The water-table contours on the water-level map of Dona Ana
County (pi. 1) show that the Rio Grande gains water in the Mesilla
Valley from the upper part of the valley almost to Mesilla, loses
water from Mesilla to Vado, and again gains water south of Vado,
The contours were generally drawn through the corresponding
riverbed elevations shown on the topographic maps, which may
not be the altitude of the water table under the river. If the river
water is not in direct contact with the water table, then the river
must be perched and must lose water to the water table. In such
a case, contours drawn to the river level would show a mound,
and therefore indicate correctly that the river is losing water. In
the section where the river is shown to be losing water the loss is
probably to the paralleling drains, the true contours being inflected
somewhat more sharply than can be shown on the scale of the map.
The lessor gain in the river is discussed more fully in the section
on sources of ground water in the valley fill.
The gradient of the water table under the upland surfaces ranges
from about 1. 2 feet per mile in the trough of the water table under
La Mesa to the west and south of Black Mountain to more than 100
feet per mile on steep slopes along the mountains, such as on the
east side of the Aden Hills and West Potrillo Mountains. The
average slope of the water table in the Mesilla Valley, as shown
by the water-table map of Dona Ana County from the 3, 900-foot
contour north of Las Cruces to the 3,750-foot contour near the
southern end of the valley, is about 4 feet to the mile, essentially
the same as that of the river.
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The range of gradients is due to various factors, which include
width, thickness, and permeability of the formations, and the
quantity of ground-water flow. The steep gradients along the slope s
of the mountains are due primarily to the thinness of the waterbearing formation that lies upon the steep slopes of the relatively
impermeable rocks that compose the mountains. The gradients in
themselves do not indicate the volume of flow of the ground water.
The relatively steep gradient of the water table, about 30 feet
to the mile, shown by the contours that extend from the southern
end of Robledo Mountain southwest to the West Potrillo Mountains,
may be caused by a connection underground of igneous or other
relatively impermeable rock between the hills in this area, acting
as a "ground-water dam, " water on the west thus being held at a
higher level than that east of the hills. Southeastward the gradient
flattens to about 13 feet to the mile between the 3, 800-and 3, 900foot contours in T. 25 S., R. 1 W., and to about 1. 2 feet to the
mile in the water-table trough west of Black Mountain.
The progressive flattening of the gradient of the water-table in
the direction of flow from the gap between the Aden and Sleeping
Lady Hills to the Rio Grande east of Strauss is caused by an increase in the width, thickness, or permeability of the saturated
aquifer, by a decrease in amount of ground-water flow, or by a
combination of these factors. Undoubtedly, the thickness of saturated sediments increases in the direction of flow. The saturated
aquifer along the east side of the Aden and Sleeping Lady Hills is
presumably thin, as the hills protrude through the sediments. The
thickness of the sedimentary deposits of La Mesa is not known.
Apparently the deepest well, the 1, 330-foot well at Strauss, penetrated only unconsolidated deposits (Sayre and Livingston, 1945,
p. 35). The bolson deposits in the Hueco Bolson east of the Franklin Mountains seems to be at least 4, 000 feet thick (Sayre and
Livingston, p. 33)..
The width of the saturated aquifer, however, does not increase
but, instead, decreases from a width of about 12 miles east of the
Aden Hills to about 3 miles in the ground-water trough west of
Black Mountain. The sediments underlying the central portion of
La Mesa may be more permeable than those along the slopes of
the hills. This is probable if the central part of La Mesa is composed of sediments deposited by the Rio Grande, which flowed at
one time through the Jornada del MuertoandLa Mesa, as postulated
by Lee (1907, p. 22). Undoubtedly, the amount of ground-water
flow does not decrease in the direction of flow as there is no area
of surface discharge of the ground water. Instead, the amount of
ground-water flow probably increases eastward because the groundwater trough also carries water from the east slope of the Potrillo
Mountains.
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Therefore, the decrease in gradient of the water table from
northwest to southeast across La Mesa is due to the increased
thickness, and possibly to the increased permeability, of the saturated sediments, which more than offset the increase in amount
and the decrease in width of flow of the ground water.
The amount of water flowing eastward from R. 1 E. to R. 2E.
toward the Rio Grande, between the two 3, 800-foot contours south
of Lanark, can be roughly calculated. Th6 average coefficient of
transmissibility of the aquifer may be taken as 70, 000 gallons a
day per mile of width of the aquifer for each foot per mile of slope
of the water table, approximately equal to that of 73, 000 determined by the pumping test of Las Cruces city well 5 (p. 96 ).
With a gradient of 1. 2 feet per mile and a width of about 9 miles,
the ground-water flow to the Rio Grande in the vicinity of Strauss
is of the order of 750, 000 gallons a day or 840 acre-feet a year,
a small quantity.
The selected gradient of the water table, 1. 2 feet a mile, is an
average from the 3, 800-foot to the 3, 775-foot contour and may be
significantly smaller than the actual gradient at the section. The
gradient of the water table in the Hueco Bolson, between the
3, 700-foot and 3, 675-foot contours, east of the Franklin Mountains
and northeast of El Paso, is 2.4 feetper mile (Sayre, and Livingston, 1945, pi. 2). The amount of precipitation on the Hueco Bolson
is similar to that on La Mesa, and therefore approximately the
same average unit amount of recharge probably reaches the water
table in both areas. As the deposits are thick in both areas, the
steeper gradient in the Hueco Bolson may be due to a lower average
permeability of the formation than in La Mesa. However, the
gradient of 2.4 feet a mile is small and is given for comparison
with that determined in La Mesa. The coefficient of transmissibility used, 70, 000, is believed to be rather high as an average
for the Santa Fe formation and would tend to offset the probable
higher gradient, so that the amount of computed ground-water
flow to the Rio Grande in the vicinity of Strauss would not be
changed materially.
The annual flow of roughly 800 acre-feet of ground water to the
Rio Grande in the vicinity of Strauss, if distributed equally across
the 9-mile width of the section, would amount to an accretion to
the river from the west of about 0.13 cubic foot a second per mile
along the river.
The average gradient of the water table, along the trough in the
water table under the central part of the plain northeast of Las
Cruces, is about 20 feet to the mile. If the transmissibility of the
sediments here is about the same as that determined for city well
5, or about 70, 000 gallons a day per mile of width of the formation
TX_MSJ_005477
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with a gradient of 1 foot per mile, the flow toward the valley from
northeast of Las Cruces would be about 1, 400, 000 gallons a day
per mile of width of the aquifer, or about 2 cf s (cubic feet a second)
per mile along the valley. However, the average transmissibility
in this area is probably less than 70, 000, possibly not more than
30,000, and the ground-water flow to the river from northeast of
Las Cruces may be as little as 1 cfs per lineal mile. Slichter
(1905, p. 27-29) in his study of the ground waters of the Rio Grande
valley, determined in the vicinity of Mesilla Park that about 0. 5
cfs was being contributed to the valley from the northeast for each
lineal mile.
Flow to each mile of the Mesilla Valley from the remainder of
the area east of the valley is expected to be less than that from
northeast of Las Cruces because the aquifer is thinner. The amount
of water entering each mile of valley from the east may be somewhat greater than that from the west as a result of the greater
precipitation on the higher mountains. Arroyos from the highlands
to the river are more definitely developed east of the valley than
west. The gradient of the water table undermost of the area east
of the river and south of Las Cruces is not known but may be
slightly greater than that northeast of Las Cruces, because of the
steepness of the surface from the Organ and Franklin Mountains.
The overall average accretion to the valley from the highlands
on the east is believed to be less than that northeast of Las Cruces
and more than that west of the valley; it is estimated as about 0. 7
cfs per mile along the valley.
The flow of the drainage ditches in the Mesilla Valley is composed of varying percentages of return irrigation water, canal
seepage losses, and seepage from the river, in addition to some
ground-water flow from the side mesas. Presumably, if diversions to the irrigated lands were stopped and there were no flow
in the river, the resultant drain flow, if any, would be that contributed by ground water from the side mesas. Figure 3, which
shows the relation of reported net diversions in the Mesilla Valley
to water being returned to the river by the drains, indicates that
with no diversions there would be approximately 5, 500 acre-feet
a year of drain flow, equivalent to about 0.1 cfs per mile for 55
miles along the valley. This figure necessarily is very rough as
it was assumed that a linear relation existed between the diversions
and drainflow, which may not be true. Also, the line in the figure
is not determined exactly by the points plotted. This small quantity
does not necessarily represent the total flow from the side mesas
but probably only that part of the side flow that contributes to the
drainage ditches, the balance being consumed by vegetation.
The total accretion of ground water to the valley from the highlands on both sides of the Mesilla Valley may therefore amount to
TX_MSJ_005478
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less than 1 cfs per lineal mile,, less than 40,000 acre-feet a year
for the 55 miles of valley. The accretion to the Rio Grande in the
150 miles from Pena Blanca to San Marcial previously has been
estimated as nearly 1 cfs per lineal mile (National Resources
Committee, 1938, p. 291). The exactness of the value for accretion of ground water from the highlands to the Mesilla Valley is
open to question, but the order of magnitude is believed to be
right, and it shows the small amount of ground water reaching the
valley from the side mesas.
RECHARGE OF GROUND WATER

The ground water in the upland areas of Dona Ana County is
derived from precipitation upon the upland and mountainous areas.
It seems probable that by far the larger part of the precipitation
upon La Mesa evaporates and is transpired by plants and that very
little reaches the water table. As most of the rainfall occurs in
the form of showers during the summer when the ground surface
is very hot and dry, the amount of evaporation is large, and whatever precipitation does get below the ground surface replenishes
the soil moisture for use by plants. Only in wet years or periods
of protracted wet spells can an appreciable quantity of water be
expected to reach the water table from the surface of the plain.
H. S. Bissell, of the Corralitos ranch, states that flood water has
collected, at times, in the depression southwest of Robledo Mountain, east of Sleeping Lady Hills, forming a shallow lake from 4
to 6 miles in length which lasts from about 1 month to as much as
6 months before disappearing. This long time suggests that most
of the water is lost by evaporation and little by downward percolation because of the clay bottom of the depression. The greater
part of the recharge in the La Mesa area is probably from precipitation upon the various areas of lava exposed at the surface.
A small part of the recharge also probably occurs along the mountain fronts where freshets discharge upon and sink into the plain.
It is believed that in the HuecoBolson, east of the Franklin Mountains, very little recharge to the ground-water body occurs from
precipitation upon the floor of the basin, which may collect in sinks,
but rather that the major part of the recharge comes from precipitation in the area of gravels along the western edge of the bolson,
along the east slope of the Franklin Mountains (Sayre and Livingston, 1945, p. 70-72).
The ground-water flow through an area is in approximate equilibrium with the average amount of recharge that contributes to
the flow. The surface area contributing to the flow of about 800
acre-feet a year in the section south of Lanark comprises roughly
26 townships or 600, 000 acres. On this basis the average ground-
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water accretion from precipitation on the area is less than 0. 02
inch annually. This small quantity is what might be expected in
this area where the annual rainfall is less than 10 inches.
The small amount of precipitation annually recharging the ground
water in the La Mesa area, computed above, may be compared
with an amount of 0. 05 to 0. 06 inch contributing annually to the
ground-water supply of the High Plains in Texas where the average
annual precipitation is about 17 inches. The recharge to the High
Plains has been computed on the basis of an estimated natural
ground-water discharge of 25, 000 to 30, 000 acre-feet a year from
9,000 square miles of the High Plains (White, Broadhurst, and
Lang, 1946, p. 391).
WATER CONDITIONS IN THE RINCON AND MESILLA VALLEYS
In the Rinconand Mesilla Valleys surf ace and ground water are
closely related. A change in the condition of one is reflected by a
change in the other. The surface water and ground water are in
approximate equilibrium, the level of the water table and the flow
of the drainage ditches being controlled by the losses occurring
from the surface supply. Normally the surface water is diverted
to irrigate the land, and the seepage that occurs from the irrigated
lands, canals, and the river reappears as return flow in the drains
and is reused in the lower divisions of the project. Because of the
physical connection between the surface and ground waters and
because the water in the drains is part of the project water supply,
it is not possible logically to discuss the ground-water conditions
without also discussing those of the surface water.

SURFACE WATER

AVAILABLE SURFACE FLOW

To evaluate properly the effects upon the supply of surface water
caused by pumping ground water in the Rinconand Mesilla Valleys
and to arrive at the quantity of water that would have to be pumped
for irrigation in case of a shortage of surf ace water, it is necessary
to consider the quantity and the seasonal distribution as involved in
the present exclusive use of surface water for irrigation.
The quantity of surface water released to the project has varied
widely from year to year, dependent upon the amount of water in
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storage in Elephant Butte Reservoir. Prior to the completion, in
1938, of Caballo Dam, about 28 miles below Elephant Butte Dam,
water released to the project was gaged at the station below Elephant Butte Dam. Since 1938, the water released to the project
has been gaged at the station 0. 8 mile below Caballo Dam and
about 1.5 miles above Percha Dam, the first diversion dam of the
project. According to records obtained from the Bureau of Reclamation, there was an average annual accretion of about 27, 000
acre-feet from 1925 to 1937, in the section of the river from Ele.phant Butte Dam to Percha Dam. A seepage run (simultaneous or
nearly simultaneous stream gagings made at many places to determine the extent of gains or losses and where they occur) made on
the Rio Grande in November 1928 (New Mexico State Engineer,
1928, p. 24) indicates an annual gain in flow by the river in this
section of 35, 000 acre-feet, and a seepage run made by the State
Engineer's office in February 1936 indicates an annual gain in
flow of 32, 000 acre-feet. In order to include this gain in flow in
the water supply of the project and to have records comparable to
records of water released from Caballo, the data for flow of the
Rio Grande at Percha Dam for years prior to 1938 has been used
in this" report. The table on page 136 gives the annual flow from
1930 to 1946 at Percha and Caballo Dams, at Leasburg Dam, and
at the El Paso station along with the streamflow depletion between
Percha and Leasburg Dams, corresponding to the Rincon Valley,
and between Leasburg Dam and the El Paso station, corresponding
to the Mesilla Valley.
The large flow in 1942 was caused by water discharging over the
spillway of Elephant Butte Dam, the only time there has been such
a discharge. The average annual flow below Caballo Dam from
1930 to 1946, with the exception of the abnormal year of 1942, was
794, 200 acre-feet. Of the water released, 60, 000 acre-feet per
year is required by international treaty for delivery to Mexico;
this leaves 734, 200 acre-feet minus losses plus return waste,
drain flow, and arroyo accretions to be diverted for use in the
project. The diversions from the Rio Grande into the Acequia
Madre near Ciudad Juarez, for use in Mexico, have averaged 62, 500
acre-feet during the period of record, 1938 to 1946 (International
Boundary and Water Comm., 1946, p. 51) approximately equal to
the required amount.
The monthly distributionof water released from Caballo Reservoir from 1938 to 1946 is given in the table on p. 137. The water
releases for the 6 months from April through September account
6Bliss, J. H., 1936, Report on investigation of invisible gains and losses in the channel of
the Rio Grande from Elephant Butte to El Paso, Tex. (unpublished), table 2, p. 8, February
1936.
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for about 84 percent of the demand on the reservoir, not taking
into account the abnormal year of 1942. In each year except 1942
the releases for May were smaller than those for April. This
decrease in demand in May is characteristic of the project.
DIVERSIONS TO CANALS OF RIO GRANDE PROJECT

The gross annual diversion of water to the canals of the project
varies annually, depending upon the release of water from storage.
Table 3 on page 138 gives the annual diversions at Percha Dam,
LeasburgDam, Mesilla Dam, to the El Paso Valley of the project,
and to the Acequia Madre which serves the Valle de Juarez of
Mexico. The water diverted at the Percha Dam to the Arrey Canal
serves the Rincon Valley. The water diverted at the Leasburg
Dam to the Leasburg Canal and at the Mesilla Dam to the East
and West Side Canals serves the Mesilla Valley, the lower part of
which is in Texas. Included as diversion at the Mesilla Dam is
water wasted from the Leasburg Canal to the East Side Canal.
Diversions to the Acequia Madre for the Valle de Juarez are made
at the International Dam, and figures for these diversions are
available only for the period since the beginning of operation of
the American Dam in 1938.
A portion of the gross diversion in each valley is wasted back
to the river or to the drainage ditches and is again diverted, along
with the return drain water, by the next lower unit. This wastage
in a normal year, as discussed in the following pages, is estimated for the period 1930 to 1946 as averaging about 24 percent
of the gross annual diversion of 589, 300 acre-feet to the Rincon
and Mesilla Valleys. The net annual diversion to the Rincon and
Mesilla Valleys is therefore estimated as averaging 447, 900 acrefeet or 61 percent of the 734, 200 acre-feet released from storage
from Caballo Dam and available to the project, and the gross annual
diversion of 589, 300 acre-feet averages 74 percent of the release
from reservoir storage.

DISTRIBUTION OF DIVERSIONS

The distribution of diversions, which include canal wastes 'and
seepage losses, is important not only because the losses contribute to the ground-water body and eventually the flow of the drains
but also because the losses must be known in order to determine
the quantity of ground water that must be pumped for irrigation in
a dry year.
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Table 5 (p. 141 to 142) obtained from the U. S. Bureau of Reclamation gives the compilation of irrigated acreage and water distribution by years, 1930 to 1946, for each division of the Rio Grande
project and for the project as a whole.
Figures for the irrigated acreage are compiled every year by
the U. S. Bureau of Reclamation information furnished by the watermasters of each division and are believed to be reasonably accurate. The headgate diversions are the quantities measured at the
heads of the main canals and are also reasonably accurate. Canal
waste or return is unused diverted water that is returned to the
river or wasted to the drains from the canals. This quantity is
estimated daily by the ditch riders and is probably reported low.
Water delivered to the farms is, in general, estimated by the
ditch riders, a few deliveries during a year being measured with
a current meter. It is believed that the reported deliveries are
less than actual, as they are conservatively estimated quantities
on which payment for water is based.
The acreage irrigated, as shown in the tables, has increased
nearly every year for all divisions of the project, with the exception of the early 1930's, when economic conditions were poor,
and in 1935, when there was an impending shortage of water. The
total acreage irrigated in the project increased from 141,197
acres in 1930 to 159, 899 acres in 1946. This increase was brought
about mainly by gradual leveling of land formerly too rough to
irrigate. The area supporting native vegetation probably has been
reduced by this process.
UNIT DIVERSIONS

The average annual diversion of water from the river to the
canals in the Mesilla and Rincon Valleys from 1930 to 1946 was
about 6. 5 acre-feet per irrigated acre. The minimum annual diversion reported for the Rincon and Mesilla Valleys occurred in 1941
with 4. 7 acre-feet per acre for the Rincon Valley, 4. 8 feet for the
Leasburg division, and 5.4 feet for the Mesilla division.

CANAL WASTE

Canal waste or return is of an operational nature and can be reduced by careful attention to water schedules. It is reported that
much of the wastage is due to cancellation of water orders by the
farmers after the water has already been released from the dam
and diverted to the canals. The minimum figure reported for
annual canal waste in the Rincon and Mesilla Valleys from 1930
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to 1946 was 8 percent of the diversion, occurring in 1946 in the
Leasburg division, and the maximum was 35 percent, occurring
in 1930 and 1931 in the Rincon Valley and Leasburg division. In
general, lower percentages for canal waste have been reported in
the later years. The weighted average of the reported wastage for
the Rincon and Mesilla Valleys is about 19 percent. As the reported canal wastage is probably low, the actual average canal
wastage is estimated as about 24 percent of the gross headgate
diversions of 6. 5 acre-feet per acre, or 1. 6 acre-feet per acre.

CANAL-SEEPAGE LOSSES

The canal and unaccounted-for losses, given in the tables (p.
71 to 72 ), include seepage losses from the canals, evaporation
from the water surface in the canals, transpiration by plants along
the banks of the canals, and any other losses. The reported seepage losses are derived by subtracting from the diversions the
estimates of the water wasted from the canals to the river or
drains and the water delivered to the farms. As both the wastage
and the deliveries are believed to be greater than reported, it is
probable, therefore, that the actual seepage losses are lower
than reported. The lowest figure reported for annual canal losses
in the Rincon and Mesilla Valleys from 1930 to 1946 was 26 percent, which occurred in 1937 and 1940 in the Leasburg division.
A seepage run was made in November 1923 by the Bureau of
Reclamation upon the Leasburg Canal from Wasteway No. 1, about
a mile below the Leasburg Dam station, to Elwood, a distance of
11. 59 miles. The stretch of canal was divided into 5 sections in
lengths ranging from 0. 7 mile to 4. 3 miles. The loss of water in
the sections ranged from 0.7 cfs per mile to 2.2 cfs per mile,
with an average loss for the whole distance of 1.2 cfs per mile.
The total length of canals and laterals in the Leasburg system is
115. Smiles. The total indicated loss of water, therefore, is about
138 cfs, about 22 percent of the reported capacity (635 cfs) of the
Leasburg Canal near its head.
The percentage of seepage loss from the canals is not constant,
either for the whole of the canals or any part of them or for various
quantities of flow. The actual quantity of wateriest by seepage is
more nearly constant. Small quantities of flow will show, in general, a larger percentage of loss than large quantities of flow in
the same canal. However, in a normal year the estimated canal
seepage and unaccounted-for losses in the Rincon and Mesilla
Valleys average about 20 percent of the gross headgate diversions
of 6. 5 acre-feet per acre, or 1. 3 acre-feet per acre.
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WATER DELIVERED TO FARMS

The water delivered to the lands in the Rincon and Mesilla
Valleys is the remainder of headgate diversions after accounting
for canal wastage and seepage losses. Using the figures of 24
percent for canal wastage and 20 percent for seepage loss to be
deducted from headgate diversions in an average year, the water
delivered to the lands in the past is 56 percent, which in an average
year with headgate diversions of 6. 5 acre-feet per acre amounted
to 3.6 acre-feet per acre of irrigated lands. In contrast, the reported average delivery of water to the land in the period from
1930 to 1946 was only 2.8 acre-feet per acreor about 43 percent
of the water diver ted from the river. The maximum reported percentage of the diversions delivered to the farms in any one year
was 58 percent, in 1937 and 1940 in the Leasburg division. In
general, larger percentages have been reported as delivered to
the farms in later years.
A rough comparison of the estimated percentages of diversions
delivered to the lands in the past, averaging about 56 percent,
with what possibly could have been delivered under past conditions
canbe made by combining the minimum quantities reported in any
year for canal wastes and for canal losses in each division and
assuming the remainder of the diversion to have been available
for delivery to the farms. In the Rincon Valley, the minimum reported percentage for canal waste is 14, in 1946, and for canal
losses 29, in 1939 and 1940, making a possible delivery to the
lands of 57 percent. In the Leasburg division, the minimum reported percentage for canal waste is 8, in 1946, and for canal
losses 26, in 1937 and 1940, making a possible delivery to the
lands of 66 percent. In the Mesilla division, the minimum reported
percentage for canal waste is 10, in 1946, and for canal losses
30, in 1943, making a possible delivery to the farms of 60 percent. The average for the three divisions is 61 percent, compared
with the estimated actual delivery of 56 percent.
FLOW OF DRAINS IN RINCON AND MESILLA VALLEYS

The flow of the drains is directly related to the ground-water
levels, which, in turn, are related to the amount and seasonal
distribution of the surface-water supply. To show this relationship the seasonal variation of the drain flow must be known, as
well as the total annual flow. Also, in order to determine the
effect of pumping upon the drains it is necessary to determine the
average gain in flow of the drains.
317Z67 O - 55 - 4
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Drains have been constructed in the Rincon, Mesilla, and El
Paso Valleys to maintain the water table at a low level. In 1946
there were about 42 miles of drains in the Rincon Valley and about
226 miles of drains in the Mesilla Valley. The rate of flow in the
drains is measured about three times a month with a current meter
at the outlet of each drain, except the two short intercepting drains
in the Mesilla Valley, the Santo Tomas and Montoya, totaling about
8^ miles, which are not measured. The monthly and annual drain
flow for the Rincon Valley and the Mesilla Valley, from 1930 to
1946, aregivenin table Son pages 141, 142. On the average, about
64 percent of the drain flow occurs in the 6 months from April
through September, as contrasted with 84 percent of the release
from storage in the same period. The average annual drain flow
for the Rincon and Mesilla Valleys from 1930 to 1946 is 249,400
acre-feet, or about 42 percent of the gross diversions and 52 percent of the gross diversions and 52 percent of the reported net
diversions that is, gross diversions minus wastage to the Rincon
and Mesilla Valleys in the same period.
The average return flow of the drains for the Rincon Valley is 50
percent of the reported net diversion to that valley, and the return
flow of the drains for the Mesilla Valley is 52 percent of the reported
net diversions to that valley. The close agreement between the
percentages of return flow of the drains for the 2 valleys indicates
a similarity of conditions.
With a normal supply of surface water the average monthly gain
in flow of the drains in cubic feet per second per mile of drain, in
the Rincon Valley ranges from a minimum of about 0. 6 in January
to a maximum of about 1. 7 in August, with an average of 1. 2 for
the year; in the Mesilla Valley it ranges from a minimum of 0. 8
in February to a maximum of 1. 9 in August, with an average of
1. 3 for the year.
Average river depletions by Rincon and Mesilla Valleys
[Based upon diversions less drain return flow, 1930-46, in thousands of acre-feet]
Average diversions to Rincon and Mesilla
Valleys (p. 72 )
Average drain flow returned to
river (p. 72 )..................................
Average river depletions.......................
Depletions, percent of average
reservoir releases to project
of 734,200 acre-feet, (omitting
abnormal release for 1942), p. 39.

The water in
waste from the
irrigated lands,
water from the

589.3 (gross)

447. 9 (net)

249.4

249.4

339.9
46

198.5
27

the drains is composed of varying percentages of
canals, seepage from canals, return seepage from
seepage from the Rio Grande, and flow of groundmesa lands to the valley.
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Wastage from the canals to the drains supposedly is not included
in the measured flow of the drains, the practice being not to measure the flow when it contains waste water, as indicated by a change
in color of the drainage water. However, as this is not always
practicable, it is probable that the measured flow of the drains
contains some waste water.

RELATIONS OF DRAIN FLOW AND DIVERSIONS

A relation is to be expected between the ground-water recharge,
represented mainly by return of irrigation water, and the groundwater discharge, represented mainly by drain flow. Knowledge
of the relation is necessary in order to show the direct connection
existing between the available surface supply and the return drain
flow and to ascertain the amount of drain flow to be expected in a
year of decreased surface supply.
As all components of the ground-water recharge to the valley
fill, except that from the mesa lands and from precipitation, vary
seasonally and annually with theamount of surface water available,
it is logical to expect a seasonal and annual variation of the drain
flow.
The relation of drain flow to reported net diversions has been
plotted for the Rincon and the Mesilla Valleys in figures 2 and 3.
On this type of graph the points should fall along a line if a relation
exists between the variables, the line being straight if a linear
relation exists. The points show some scattering but in general
fall along the straight lines given, which indicate a drain flow of
about 50 percent of the net diversions in the Rincon Valley and the
Mesilla Valley, essentially the same as computed previously
(P. 44 ).
The scattering of the points is probably mainly due to inaccurate
estimates of canal wastes and therefore inaccurate figures for net
diversions. Varying amounts of waste water inadvertently included
with measured drain flow and varying amounts of seepage directly
from the river to the drains also may be responsible in part for
the scattering.
Also plotted on figures 2 and 3 are graphs of the drain flow and
net diversions, by years, for the Rincon and the Mesilla Valleys.
These graphs show, in different form, the same relations as those
shown in the scatter diagrams, increases and decreases in net
annual diversions generally being accompanied by increases and
decreases in the drain flow.
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Figure 2. Relation of reported net diversions to return drain flow in Rincon Valley, N. Mex.
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Figure 4. Seasonal relations of gross headgate diversions and drain flow for selected years,
Rincon and Mesilla Valleys.

In order to show the seasonal relations between diversions and
drain flow, the gross diversions and the drain flow have been
plotted by months on figure 4 for the Rincon and the Mesilla Valleys
for the years 1935, 1942, and 1944-46. The smallest diversion to
the project occurred in 1935; the largest flow in the river occurred
in 1942.
The close relations between the diversions and the flow in the
drainage ditches is readily apparent. The characteristic decrease
in diversions each May is reflected in the drain flow, generally a
month later, as either a slight reduction or a slackening in the
rate of increase of drain flow. The maximum diversions occur in
either July o-r August as, generally, does the maximum drain
flow. As this flow would continue to decline as long as there were
no diversions or water in the river, the time of minimum drain
flow would not necessarily be related only to the time of minimum
diversions. The minimum drain flow occurs in February just before the effects of the February diversions are apparent. Diversions in February are followed by increases in the drain flow by
March. Evidently there is a very little lag in seasonal effects
between the diversions and the return drain flow.
In order to determine whether a long-termlag effect exists, of
the order of a year or more, between diversions and drain flow,
figure 5 was prepared by plotting the cumulative annual departures
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from the average during the period 1930 to 1946 for both the return flow in the drains and the gross diversion in the Rincon and
the Mesilla Valleys. Upward-trending lines indicate above-average
conditions; horizontal lines, normal conditions; and downwardtrending lines, below-average conditions. The graphs of drain
flow and diversions for the Rincon Valley conform very closely
except for 1945 and 1946, when an opposite trend between the two
is indicated. No lag of the order of a year or more for the Rincon
Valley is apparent.
The relation in the graphs for the Mesilla Valley is not so apparent. Below-average conditions of drain flow through 1938 are
followed by above-average conditions. Diversions, on the other
hand, show above-average conditions through 1934, followed by
below-average conditions through 1943, after which above-average
conditions again prevailed. It is possible that the above-average
drain flow be ginning in!939 is related to the above-aver age diversions for a number of years preceding 1935, for which the beginning year is not known. If that is true, then the below-average
diversions beginning in 1935 have not yet been reflected in the
drain flow through 1946, a lag of at least 12 years. However, as
the flow of the drains in the Mesilla Valley has shown a general
increase from 1930 to 1944, theplotof cumulative departures does
not show the relation that exists. Selection of a different figure
for a base from which to compute departures from normal would
result in a different graph.
The other graph, in figure 5, which shows only departures
from average for the drain flow and the diversions for the Mesilla
Valley, better portrays the relation and indicates little or no lag
in the drain flow with an increase in the diversions, but possibly
a lag of 1 or 2 years with a decrease in diversions.

REQUIRED WATER SUPPLY

In order to determine the amount of ground water that would be
required for irrigation in a year with a shortage of surface water
it is necessary to consider the quantity involved under the present
conditions of irrigation with surface water exclusively.
During years of plentiful water supply the estimated average
amount of water delivered to the lands of the project in the Rincon
and Mesilla Valleys was 3.6 acre-feet per acre, 56 percent of
that diverted. The minimum amount of water reported as delivered
to -the land from 1930 to 1946 was 1.74 acre-feet per acre for the
Rincon Valley and 2. 12 acre-feet per acre for the Mesilla Valley,
amounts which are assumed to have been conservatively estimated
as they represent only 23 and 29 percent, respectively, of the
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water available for delivery. The maximum percentage of diverted
water that was delivered to the lands from 1930 to 1946 occurred
in 1940 and amounted to 51 percent, or 2. 78 acre-feet per acre,
for the Rincon Valley and 5& percent, or 3. 12 acre-feet per acre,
for the Mesilla Valley.
The unit consumptive use for crops is subject to a large variation
in both actual and computed use. The unit consumptive use of
cotton in the Rincon and Mesilla Valleys for the ITryear period
from 1919 to 1935 was estimated 2. 5 acre-feet per acre in the report of the Rio Grande joint investigation, with minimum of about
2. 0 feet and a maximum of about 3. 0 feet. The unit consumptive
use of alfalfa for the same period was estimated 4. 5 acre-feet
per acre, with range from 4 feet to 5 feet. The estimated consumptive use of other crops ranged from a minimum of 1. 5 feet
for grains to a maximum of 3. 0 feet for forage, with an average
of about 2.0 feet (National Resources Committee, 1938, v. 1, p.
382, 383). The acreage of cotton in the Rincon and Mesilla Valleys
in 1945 was 66,624, of alfalfa 21,864, and of other crops 11,060
acres. The corresponding acreages in 1946 were 68,921 acres,
19, 362 acres, and 12, 628 acres. Using the unit figures given above,
the total consumptive use of crops in 1945 was about 288, 000 acrefeet and in 1946 about 285, 000 acre-feet. The average unit consumptive use for the total irrigated acreage in the Rincon and
Mesilla Valleys in 1945 was therefore about 2.9 acre-feetper acre
and in 1946 about 2. 8 acre-feet per acre. Precipitation probably
furnished about 0.4 acre-foot per acre, leaving about 2.4 to 2.5
acre-feet per acre supplied by irrigation.
Assuming that in the period 1930 to 1946 the average consumptive use of water for the irrigated lands was the same as in 1945,
2. 5 acre-feet per acre in addition to the amount furnished directly
by precipitation, the excess water delivered to the lands wasl. 1
feet, about 30 percent of that delivered to the farms of 17 percent
of the gross annual diversions of 6. 5 acre-feet per acre and 22
percent of the estimated net annual diversion of 4. 9 acre-feet per
acre. This return seepage of 1. 1 acre-feet per acre from the
irrigated lands plus that of 1. 3 acre-feet per acre from the canals
is about 37 percent of the gross or 49 percent of the estimated net
diversion and is to be compared with the measured drain flow of
42 percent of the gross diversion.
The difference of 5 percent between the computed and measured
percentages of the gross diversion represented by the drain flow
probably is made up in part of waste water that has been included
in the measured drain flow, seepage directly from the river, and
ground-water flow from the side mesas to the drains.
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The amount of water applied to the lands in past years doubtless was more than actually necessary, even though irrigation of
crops requires that an excess of water be applied. It is therefore
assumed that an excess of about 30 percent of the consumptive use
of 2. 5 feet, giving a total of 3. 3 feet of irrigation water, would be
sufficient to grow a normal crop in the Rinconand Mesilla Valleys.
In a dry year with a shortage of surface water, canal waste could
be reduced by careful attention to water schedules. The minimum
reported percentage of canal wastage occurred in 1946 for each
division and ranged from 8 percent in the Leasburg division to 14
percent in the Rincon Valley. It seems reasonable, therefore, to
assume that wastage could be reduced to 5 percent. This would be
likely if a project pumping system were operated, in which case
cancellation of water orders by the farmers could be handled quickly by stopping the necessary pumps. Of course, the canal waste
water is not actually wasted, except that lost by evaporation, if
used for irrigation of lands in a lower part of the valley. However,
excessive wastage makes it necessary for the lower operating units
to change their diversion schedule or in turn to waste the water.
Also, in a dry year the canal-seepage losses probably would be
relatively higher thar^ the 20 percent in an average year, probably
about 25 percent of the gross diversion. The delivery of water to
the lands would therefore be about 70 percent of the surface-water
diversion.
In ahypothetical year having 3. 25 acre-feet per acre or 50 percent of an average supply of surface water available for diversion,
70 percent or 2.28 feet of water could be delivered to the farms,
or about 70 percent of the 3. 3 feet believed necessary to raise a
normal crop. Thus, in a year when the available surface supply
was only 50 percent of the average, about 70 percent of the land
probably could be irrigated with judicious use of water without
pumping; or, as about two-thirds of the total acreage is planted to
cotton, the main staple crop of the district, sufficient water would
be available to water the entire cotton crop. This would be possible
if every care in the distribution of the water were exerted by the
farmers and ditch riders.
GROUND WATER IN VALLEY FILL
DEPTH TO WATER

The depth to water in the Rinconand Mesilla Valleys in the early
years prior to construction of Elephant Butte Dam was considerably
greater than at present. The flow of the Rio Grande at that time
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was unregulated and there were periods when there was no flow,
of water. The amount of water applied to the lands was quite
variable, large amounts being applied when available and none
during periods when the river was dry. The amount of land irrigated in early years was relatively small, about 26, 229 acres in
the Mesilla Valley and 4, 370 acres in the Rincon Valley in 1907
(National Resources Committee, 1938, p. 75).
By 1914 the irrigated acreage had increased to about 45, 356
acres in the Mesilla Valley and 6, 961 acres in the Rincon Valley
(National Resources Committee, 1938, p. 75). The increase resulted partly from construction of the Leasburg diversion dam in
1908 by the Bureau of Reclamation and partly from improvements
in the distribution system. As a result of the increase in irrigated
acreage, the water table rose.
The first water from the Elephant Butte Reservoir was made
available to the project in 1915. The reservoir not only assured
a more plentiful supply of water but also resulted in clear water
being available, whereas formerly silt-laden water had been used.
The clear water seeped more rapidly from the canals, and, as
the clear water also drained faster from the irrigated lands,
more water was applied to the lands. These conditions, described
in the project histories of the Bureau of Reclamation, resulted in
a rise of water level to alarming heights and caused abandonment
of productive farmlands.
The change in water level is shown by the profiles of the water
table in the vicinity of the State Agricultural College and westward to the river on plate 4, which has been taken from a similar
diagram prepared by the Bureau of Reclamation in 1927. The low
water table shown in 1904 was taken from Slichter (1905, p. 2627). The water level given for June 1917 ranged from nearly 6
feet to as much as 12 feet above the level of 1904 and in some low
spots was at the surface. Four years after construction of the
drains the water table had been lowered 1 to 4 feet in the areas
between the drains in the vicinity of the cross section, to the
level given for June 1927.
The rise of the water table from 1904 to 1916 in the vicinity of
Mesilla Park, in the locality of the cross section, is given in the
following table obtained from the Bureau of Reclamation 7 .
7Fiock, L. R., 1917, Drainage report, Rio Grande project, U. S. Bur. Reclamation unpublished report. El Paso, Tex. , February 1917.
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Rise ot water table in vicinity of Mesilla Park, N. Mex., 1904-16
Rise of water table
Average
depth to water
(feet)

Year
1904
1915
1916

11.5
7.0
5.7

Per year
(feet)

Period
(feet)

4.5
1.3

0.4
1.3

The rise of the water table to within 4 feet of the ground surface in 33, 000 acres, representing 40 percent of the irrigable
area south of T. 23 S., resulted in a reduction of irrigated land
to 47,000 acres by November 1916 s .
As a result of the high water table in the Mesilla Valley, plans
were made for the installation of open drains. In order to determine the depth to water and the configuration of the water table,
preparatory to construction of the drains, the Bureau of Reclamation in the period 1913 to 1917 bored about 800 holes with hand
augers in the Mesilla Valley. These holes were located on the
east-west section lines across the valley at intervals of about a
quarter of a mile, except on the east side of the river from a
mile north of Berino to 2 miles south of Fort Fillmore, where
additional holes were put in at quarter-mile intervals on eastwest lines midway between the section lines. Plate 5 is a watertable map prepared by the Bureau of Reclamation in 1917 from
measurements made in these holes in June 1917. The areas having
various depths to water are indicated by shading. About 4 percent
of the reported area had water standing on the surface, and more
than 66 percent of the area had water within 4 feet of the surface.
The sloughs and meanders of the old river beds are clearly shown
by the pattern of the depth to water, particularly that of the water
on the surface and ground water within 2 feet of the surface. At
that time (1917) about 6 miles of the east drainage ditch had been
completed. The effect of the lowering of the water table in the
vicinity of the east drain is clearly shown.
The depth to water in the auger holes in the summer of 1919 is
shown on the map prepared inSeptember 1919 by the U. S. Bureau
of Reclamation. (See pi. 6.) The drains that had been constructed
by that time are indicated on the map. The lowering of water level
that occurred in the vicinity of the completed drains is apparent.
The following table from the Bureau of Reclamation report9 shows
the change in water levels that occurred in two districts from June
!?IS: L. R.: Siofwo Grande project history. 1919: Ch. 9, U. S. Bur. Redaction,
El Paso, Tex. , January 1920.
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(*)

14,320

17,985
0

175
3,118
11,027
13,665

(acres)

(3)

79.5

100
0

1.0
17.1
61.4
20.5

(percent)

1917, befor^ construction
of drains

9,138

912

14, 280
14,280

6
278
628
4,230
5,799
3,339

(acres)

64.01

6.39

100
79.4

0.04
1.95
4.4
29.6
40.6
23.4

(percent)

1919, area affected
by drains

^Includes everything over 4 feet, practically all between 4 and 6 feet.
2Practically all in old riverbeds.
'Practically none.

Total area in which water
is 6+ feet..................

Area affected by drains....
Total area in which water

Total gross

0 to 2.......................
2 to 4...... .................
4 to 6.......................
6 to 8.......................
Over 8......................

Depth to
water
(feet below
land surface)

La Union district

(3)

15,143

20,519
0

1,748
5,224
.8,171
5,376

(acres)

(3)

73.9

100
0

8.5
25.6
39.8
26.2

(percent)

1917, before construction
of drains

6,091

2 1,159

9,399
9.399

63
229
867
2,149
3,570
2,521

(acres)

64.81

12.34

100
45.7

0.67
2.44
9.23
22.85
38.0
26.81

(percent)

1919, area affected
by drains

Upper west side district

[Note; Drainage construction was progressing through the above districts in September 1919]

Comparison of -depth to water in Mesilla Valley in drained part of the west side unit in September 1919 with corresponding conditions in J'tne 1917 before,,
draining
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1917 to September 1919. In the La Union district, where 79 percent of the area had water at less than 4 feet in June 1917, only
6 percent of the drained area had water at less than 4 feet in
September 19i9. Similar conditions are shown for the upper west
side district.
Additional overall lowering of the water level has occurred since
September 1919. At that time only a part of the drainage system
had been completed, and sufficient time had not elapsed for the
water level to become stabilized. On the profile in plate 4 has
been plotted the water level inSeptember 1919 as scaled from the
water-table contours on the map, plate 6. At that time the Mesilla
drainage ditch had been completed to a point a little less than a
mile north of the line of the profile. As shown, the water level in
the Mesilla Drain in September 1919 was practically the same as
in June 1927, whereas water levels at some distance from the
drain were higher in September 1919 than in June 1927. With two
additional drains across the line of the profile and the 8 years of
additional drainage, the water levels were lowered about 3 feet
in areas between the drains.
A comparison of depths to water in a few of the auger holes, as
measured in late August 1946 by the Bureau of Reclamation, with
the depths to water as taken from the map for September 1919 are
given in the following table. The designations of the wells are as
shown on plate 3.
Changes in depth to water in Mesilla Valley, N. Mex., as measured in auger holes in late
August 1946 and asdetermined from depth-to-water map of September 1919
Hole
designation

Depth to water
(feet)

Ihange
Hole
(feet) designation

Depth to water
(feet)

Change
(feet)

September 19191 August 1946

September 1919 August 1946
-2.6
-1.4
-3.1
-4.1
-2.0
+1.4
-5.8
-4.1
+.7
-2.1
-3.5
-5.6
-4.8
-.2
-.2
+1.1

6.0
5.7
8.2
8.5
7.8
8.0
5.8
5.0
6.5
3.3
7.0
4.0
3.9
7.0
8.0
5.3

6.2
5.0
6.5
7.9
5.4
6.7
5.8
4.4
5.1
2.4
5.4
2.8
3.3
7.8
4.6
4.1

-0.2
+ .7
+1.7
+.6
+2.4
+1.3
0
+.6
+1.4
+.9
+1.6
+1.2
+ .6
-.8
+3.4
+ 1.2

4.2

32
33
Dunn
Bartlett
Liberty
Thalman
Bloomberg
Berino
Rice road
Opitz
Pool
Campbell
McKamey
Dairy farm
HighSchoo]
Anthony
West
-.3 Long well

6.0

2.0

+4.0

4.4

+.6 Borderland

5.3

4.9

+.4

7.8

4.0

+3.8

5
6
9
15
16
17
23
27
37
40
46
Stahman
Duran
Mesquite
Sweet
Find

1.8
2.0
2.5
4.2
6.0
6.0
4.0
2.5
4.2
3.8
4.1
2.0
4.5
4.5
3.8
3.7

4.4
3.4
5.6
8.3
8.0
4.6
9.8
6.6
3.5
5.9
7.6
7.6
9.3
4.7
4.0
2.6

Vado
Anthony
head
Three
Saints
La Union

3.9
5.0
3.8
3.0

4.7
6.2

-.9 Wade
-3.2

Average..................................... +1. 2
Affected significantly by drainage by 1919.
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Only parts of the Mesilla Valley, particularly the lower half,
had been affected by drainage by September 1919. Wells located
in such areas are indicated in the table. The depth-to-water measurements given in the table are not as accurate as desired. The
land surface near a well tends to change position, especially as
there has been considerable leveling of the land since 1919. The
depths to water taken from the map are subject to errors of as
much as 2 feet; an error in location of a well, for instance, such
as occurs in an area of rolling topography, may affect the determined depth to water by that amount. The map itself is subject to
error at any particular spot. The time of observation for the 2
years differs possibly by a month, which in itself may account for
a difference of water level. With these factors in mind, it seems
that tne water table in areas not yet affected by drainage in September 1919 had declinedby late August 1946 from2 to 6 feet, with
a probable average of more than 2 feet, whereas the water table in
areas affected by drainage in September 1919 was higher-in late
August 1946 possibly by as much as a foot. This rise maybe
partly due to a clogging of the drains or a decrease in the depth
of the drains by filling with debris and, also, partly to the increase
of irrigated land since 1919.
About 220 holes were bored with hand augers in 1917 and 1918
in the Rincon Valley. Maps of the water table from a mile north
of the Sierra County line to R. 2 W. were prepared by the U. S.
Bureau of Reclamation from the measurements made in these
wells, probably in 1919 prior to construction of the Garfield and
Hatch Drains. The accompanying map, plate 7, was taken from
the original maps which were drawn to a scale of 500 feet to an
inch. The water table at that time ranged from land surface to
more than 4 feet below land surface and was from 2 to 4 feet below land surface in a large part of the area. The lowering of
water level that has takenplace since construction of the drainage
system is not known, although it is probably similar to that which
occurred in the Mesilla Valley.
The changes in water level in the Rincon Valley are given in the
following table. The measurements for 6 of the wells are for
August when the water table normally is near or at its seasonal
high, and those for the other Swells are winter readings when the
water table is near its seasonal low level. As the time of the
water levels shown on the maps prepared in 1919 is not known,
and as the seasonal range of water levels is about 4 feet, the
changes shown in the table are not conclusive as to amount but indicate a probable drop of more than 2 feet from 1919 to 1947.
The water level in the Rincon Valley, in the area near the lower
end of the Rincon Drain in 1926 after completion of the drain, is
also shown on plate 7. In about half the area the depth to water
was in excess of 4 feet.
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Changes in water level in Rincon Valley, N. Mex., as measured in wells in August 1947
and as determined from depth-to-water map of 1919
Well location
number

Occupant of
property

Depth to water
(feet)
1919

Change
(feet)

August 1947

17. 4. 32. 112

Painter

2

6.6

-4.6

17.4.31.111

Luchini

4

5.5

-1.5

18.4.5.214

Prater

6

43.4

-7.4

18.4.17.312

Engler

4

5.3

-1.3

28.3

-5.3

18.4.17.411

Riggs

3

19.3.10.333

Cocks

5

5.0

19.3.10.432

Stotts

6

9.1

-3.1

19.3.9.121

Hatch

2

3.4

-1.4

19.3.15.443

Small wood

1

»5.6

-4.6

0

Average.....................................................................................................-3. 2
iFebruary 1948.
2December 1947.
SFebruary 1947.

FLUCTUATIONS OF THE WATER TABLE

Changes in water level in the Mesilla and Rincon Valleys are
brought about by return of irrigation water, canal and river seepage losses, precipitation, transpiration and evaporation, and, in
part, by changes in the level of the drains and the river. Daily,
weekly, seasonal, and yearly changes in the water level are the
net effect of all these factors.
EFFECT OF IRRIGATION

The lands are irrigated during the summer months, with about
83 percent of the diversions from the Rio Grande occurring from
April through September. Return seepage from irrigation and seepage from canals and the river all occur about the same time; the
result is that water levels in the valleys and along the edges of the
adjoining mesas are higher in late summer than in late winter.
Figure 6 shows the fluctuations of water level as measured daily
at 5 p. m. in an auger hole, 23. 2E. 29. 214, on the east edge of
the valley in the northeast corner of a field at the weatherinstruments shelter of the Agricultural College. The field is a
grass-covered athletic practice field that is irrigated about once
a month. The times of irrigation, as noted by the local observer,
are plotted at appropriate points on the graph. A major "peak" in
the water level occurred about 1 day after each irrigation of the
surrounding field. Weekly fluctuations are roughly indicated, and
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Figure 6. Fluctuations of water level in three auger holes in Mesilla Valley, and precipitation at State College, N. Mex.
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probably correspond to the times of irrigation of nearby lands.
The low level was reached in late March and the high level
except for a short-lived peak in June in early September. A
nearly continuous rise occurred from March to September while
water was being diverted to the canals.
Also plotted on figure 6 are graphs of water levels from measurements made every 2 weeks in 2 other auger holes. Well 24. 2E.
9.434 is 2, 335 feet east of the Park Drain along the Seale road.
Well 24. 2E. 8. 114 is 1, 783 feet west of the Park Drain along the
Holt road, which is about a mile north of the Seale road. Irrigated
fields are on both sides of the 2 roads.
The graphs for these two auger holes show marked summer
highs like the preceding auger hole but differ from each other in
their minor fluctuations. The smaller rises in water level in May
than in April reflect the characteristic decrease in diversions to
the valleys in May, which is also reflected in a decrease in drain
flow, as indicated previously. The magnitude of the seasonal
change in water level is dependent upon the location with respect
to nearby drains, canals, and irrigated lands.
The Bureau of Reclamation has measured water levels at
monthly intervals for a number of years in about 50 auger holes
distributed over the Mesilla Valley, from about 7 miles south of
Leasburg Dam to the southern edge of the valley. About 15 of
these wells are so-called sample wells that were bored in 1936
for the purpose of obtaining samples of ground water for chemical
analysis during the time of theRioGrande joint investigation. The
remaining holes were bored in 1924. The water levels have been
measured roughly to the tenth of a foot by a "sounder" attached to
the end of a metallic tape. The available records of water level
in 11 of the auger holes are plotted in plate 8. In addition to the
well location number, the number or name of the hole as designated
by the Bureau of Reclamation is given; the holes are located on
plate 3. Sample wells on plate 8 are designated by a number, enclosed in parentheses following the hole number or name, which
corresponds to the number assigned during the Rio Grande joint
investigation.
The water level in each auger hole indicates the yearly cycle,
the high level occurring in late summer in response to return of
water diverted from the canals, and the low level occurring in the
late winter. The reduction in diversions that usually occurs in
May of each year is generally reflected by a lowering of the water
levels in the auger holes. However, as the time of measurement
of the water levels has varied each month, this lowering of water
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level is not always apparent. The detailed and long-term trend in
water levels shown in each well is a net result of factors surrounding each well, such as a change in the amount of water
applied to nearby lands, which in turn can be caused either by a
change in type of crops grown or by a change of irrigation practices. As the valley is traversed by drains, the minimum level
of the ground-water table at any point is controlled largely by the
elevation of the bottom of nearby drains. As a drain gradually
fills with debris over a period of years, the nearby water levels
will rise until such time as the drain is cleaned. In the early
years of the project a smaller proportion of the land was irrigated
than in late years. Irrigation of new land near an auger hole
causes a gradual rise in water level in that hole over a period of
time until approximate equilibrium is again reached. None of the
above factors is known concerning the area around a particular
well.
The auger holes for which records through 1946 are available
are shown on plate 3. Wells 32, 33, and 37 are on an east-west
line east of Mesilla Dam, and their water levels are plotted on
plate 8 to show that water levels in the same general area are
affected differently. The graphs show a general agreement but
differ in detail. Well 37 shows a greater seasonal change than
wells 32 or 33, which may be partly due to seepage from the east
side canal in the vicinity of well 37. There was a lowering of the
water level in 1935 in all the wells coincident with reduceddiversionin that year, and a rise of water level in 1942 coincident with
the increased diversion and river flow in that year. Minor fluctuations shown on the graph may be in part due to inaccuracies in
measurement of the water levels.
If a true average water level could be obtained over the Mesilla
Valley, it is probable that the average yearly levels would fluctuate with the annual diversion and the long-term trend in levels
might show a slight rise because of increased irrigated acreage;
this might be offset in some areas by a lowering of water levels
resulting from the lowering of the riverbed by scouring.
Water levels were measured at about monthly intervals during
1947 in approximately 18 wells, mostly irrigation wells, in the
Rincon and Mesilla Valley sin order to observe the change in level
throughout the year. A few of the observation wells are located in
sedimentary deposits above the level of the alluvium in the valleys.
Fluctuations of water level in 7 such wells are shown in figure 7.
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Figure 7. Fluctuations of water level in seven wells located in arroyo beds or in sediments
above the valley floor of the Rio Grande.
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Well 17. 5.14. 231 belonging to Felix Lara, is an unused well near
the northern end of the Rincon Valley on the south side of Montoya
Arroyo, about 0. Smile west of the Arrey Canal which at this point
follows the western edge of the valley floor. The water level in
this well is about 10 feet above the water level in the river which
is about l!/4 miles to the east. Wells 17. 5. 24. 233 and 17. 5. 26.
242, belonging to E. W. Powers and C. L. Welch, are wells used
for irrigation near the northern end of the Rincon Valley in Tierra
Blanca Creek, above the valley floor and about 1, 500 feet west of
an irrigation lateral. The water level in these three wells reached
the low level for the year in April and the high level near the end
of September. A slight reduction in the rate of rise of the water
level in June or July seems related to the decrease in diversions
in the valley in May. The trend of the water levels in these wells
during the year is the same as that in the auger holes on the floor
of the Mesilla Valley and shows the relation of the ground water
under the adjoining mesas to that in the valleys.
The fluctuations of the water level in 2 unused wells at the State
Agricultural College in Mesilla Valley are also given in figure?.
The ground surface at these wells, 23. 2E. 29. 243band 23. 2E.29.
243b (83 and 305 feet deep, respectively), is from 15 to 20 feet
above the level of the valley. The times of the seasonal high and
low water levels in these wells correspond to those in wells in the
valley, and again indicate a close relation between the water in the
valley and that under the adjoining higher lands. The altitude of
the static water level in February 1947 was nearly the same in
these 2 unused wells, from 0. 5 to 1.0 foot below the water level
in the valley. Two domestic wells, 228 and 428 feet deep, are
about 100 feet from the 2 unused wells. The water level in the 305foot unused well seems to be influenced by pumping in the deep
domestic wells. The upper water in the 305 foot unused well is
cased off, only water near the bottom entering the well.
Wells 16.5.25.211 owned by the U. S. Government (Bureau of
Reclamation) and 16.5.25.343 belonging to A. J. Osborn, are
south of Caballo Dam and on ground above the level of the valley
floor. Well 16. 5. 25. 211 is on the north side of the former channel
of Percha Creek, about 1, 000 feet south of the dam, and well 16. 5
25. 343 is on the south side of the former channel of Percha Creek
on a line perpendicular to the dam through well 16. 5. 25. 211 and
about 5, 800 feet south of the dam. Fluctuations in the water level
in these two wells, shown in figure 7, seem related to the seepage
from Caballo Reservoir, which varies with the reservoir level.
The high level in the reservoir occurs each year in mid-March
and the low level in mid-September.
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EFFECT OF PRECIPITATION

Precipitation in the Rinconand Mesilla Valleys causes changes
in the water levels. The water table rises as the ground water is
recharged from precipitation percolating downward and as a result of reduced transpiration by plants that normally get their
water from the ground-water body. However, at times of precipitation, application of irrigation water to the lands is usually
reduced or stopped. The effect of the reduced recharge from
irrigation water probably more than offsets the effect of the slight
recharge from light precipitation, and thus a lowering of the water
level results. Precipitation in the Rincon and Me silla Valleys is
small, amounting to only 6.08 inches in 1947 at State College
(2. 60 inches below normal) and 4. 88 inches atCaballo Dam. The
effect of precipitation on the water level is expected to be small
except during moderate to heavy showers, when the precipitation
that reaches the water table may offset the decrease in recharge
from irrigation water. The moisture content of the soil at the
time of precipitation influences the amount of precipitation that
reaches the water table, showers on wet soil having a greater
effect than those on dry soil. As the soil generally contains more
moisture in the summer than in the winter because of irrigation
and as more than half of the total annual precipitation occurs in
July, August, and September, probably most of the recharge to
the ground water from precipitation in the valley comes from
showers in the summer.
The daily precipitation at State College in 1947 and part of 1948
has been plotted on figure 6 along with the water levels measured
daily, about 5 p. m. in the auger hole, 23. 2E. 29. 214, located
beside the rain gage. Some showers during the summer caused
rises in the water level, whereas others apparently had little
effect or were accompanied by slightly lower levels resulting
from reduced irrigation. Precipitation from August 20 to 23
totaled 0. 52 inch and apparently did not affect the water table,
whereas that from June 17 to 19, of 0. 49 inch, caused a rise of
0. 16 foot in the water level in the auger hole. The heavy rains
from August 13 to 18 totaled 1.65 inches, of which 1.06 inches
fell on the 18th, and apparently caused a rise in the water level
of 0. 23 foot. Comparatively heavy rains in the winter seemingly
had little or no effect on the water level. Precipitation from
November 13 to 18 of 0.60 inch caused only a slight temporary
decrease in the rate of lowering of the water table. Heavy rains
February 27 and 28, 1948, amounting to 1.05 inches, caused an
apparent rise of water level of 0. 21 foot.
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EFFECT OF TRANSPIRATION

In areas of native vegetation where the water table is shallow,
the water level shows a typical diurnal fluctuation, falling during
the day and rising during the night. The fluctuation is small,
generally less than two-tenths of a foot in most areas where such
fluctuations have been investigated. The fall of the water level in
the daytime is caused by the use of water by plants, producing an
effect similar to a small pump. After sundown the transpiration
from the plants becomes small or ceases and the water levels
recover.
Fluctuations of water level in nine wells in the middle Rio Grande
valley near Socorro, N. Mex., in groves of cottonwood, tornillo,
and willow, and in saltgrass meadows, are given in the report of
the Rio Grande joint investigation (Theis, 1938, p. 275-276).
Records of fluctuations of water level due to transpiration in the
Rincon and Me silla Valleys were not obtained but are believed to
be similar to those in the middle Rio Grande valley.
SOURCE AND MOVEMENT OF GROUND WATER

Ground water is seldom stationary but nearly always moving
from an area of recharge to an area of discharge. The direction
of flow of the ground water gives an indication of the sources of
recharge and areas of discharge. Because ground water flows
down gradient, just as surface water does, altitudes of the water
table determined at many places will show the direction of flow of
the ground water, which is at right angles to the contours of the
water table. A change of gradient of the water table is shown by
a change in spacing of the-contours, and under natural conditions
it indicates a change in velocity of the ground water brought about
by a change in the amount of water flowing through the sediments
under consideration, a change in the thickness or width of the
formation, a change in the permeability of the aquifer 4 or a combination of changes in any of them.
DIRECTION OF MOVEMENT

The direction of movement of the ground water under the valley
floor of the Rinc on and Me silla Valleys is indicated by the contours
of the water table shown in plates 5-7. The general direction of
flow is down the valleys. Superimposed on this general circulation
of ground water are circulations of smaller scale such as, lateral
flow into the drains in places, more or less directly from adjacent
canals or the river flow from the bordering uplands, and, in
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places, flow from or to the river. Plate 9, taken from a map
prepared by the Bureau of Reclamation, shows a direct flow from
the Three Saints lateral eastward to the Anthony Drain. Figures
9 and 10 show direct flow in the vicinity of Hill from the Leasburg
Canal to the Leasburg Drain.
In the Mesilla Valley in June 1917, the average gradient of the
water table along the axis of the valley from the 3, 900-foot contour near the north end of the valley to the 3,710-foot contour
near Montoya, a distance of about 42 miles, was about 4. 5 feet
to the mile, the same as that of the ground surface. The gradient
at any particular spot as determined from the spacing between
10-foot contours on the map of the water table for June 1917
ranged from as little as 3 feet to the mile, just north of Chamberino, to as much as 10 feet to the mile, just -north of Las
Cruces. The gradient of the, water table as determined in September 1904 from a line of wells from Las Cruces to a point
south of Mesilla, a distance of nearly 5 miles, was 4. 64 feet to
the mile (Slichter, 1905, p. 24, 25).
It is believed that the average gradient of the water table down
the valley at the present time is essentially the same as in 1917,
the effect of the drains having been an overall lowering of the
water table.
The gradient of the water table in 1919 in the Rincon Valley
from the 4, 070-foot contour 1 mile north of the Dona Ana County
line to the 3, 994-foot contour, a distance of about 16 miles, was
about 4. 8 feet to the mile, essentially the same as that of the
ground surface. (See pi. 7.)

SOURCE OF GROUND WATER

The ground water in the valley fill is derived from a number of
sources, the quantity from each being generally indistinguishable.
Water is derived from seepage from the river in various sections,
seepage from the canals and laterals, seepage from irrigation
water applied to the lands, ground-water flow from the bordering
mesa lands, precipitation upon the valley floor and adjacent
mesas, and a small amount from flash floods in the arroyos that
discharge from the mesas to the valley.
SEEPAGE FROM THE RIO GRANDE

In several stretches the river loses water to the ground-water
body, as indicated by the contour son the water table in the accompanying maps. Seepage from the river in the Mesilla Valley in
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June 1917 is indicated at the Mesilla diversion dam between the
3, 830-and 3,820-foot contours. (See pi. 5.) The seepage from
this stretch may be due partly to raising of the river level by the
diversion dam. A pronounced seepage loss from both sides of the
river is indicated from Fort Fillmore to Mesquite between the
3, 810- and the 3, 790-foot contours. Seepage from the river is also
indicated in the vicinity of Montoya from the 3, 712-foot contour to
below the 3,704-foot contour. Other isolated contours show seepage loss from the river. In some stretches, such as from opposite
Chamberino to opposite Anthony between the 3, 758-foot contour
and the 3, 740-foot contour, the river is shown to be gaining water.
It is shown to be gaining water on the north side of the bend opposite Dona Ana and probably losing water from the south side. In
June 1917, before construction of the drains, the river apparently
was losing more water than it was gaining. This condition probably
was responsible in part for the high water table.
InSeptember 1919, after construction of a number of the drains,
the seepage loss from the river apparently increased, as evidenced
by the steep water-table gradients from the river to the drains.
(See pi. 6.) Increased seepage losses are especially apparent in
areas where the drains, such as the Chamberino Drain, were
constructed near the river. This seepage loss from the river induced by the drains does not mean an actual loss of water from
the valley, as the drain water is discharged into the river farther
down the valley.
The seepage loss from the river has been changed somewhat by
the storage of water in Elephant Butte Reservoir. Previous to this
storage, the river water that was used in the Rincon and Mesilla
Valleys contained the usual load of silt, which during normal flows
sealed the riverbed and canals to some extent. After release of
clear reservoir water began in 1915, a greater amount of seepage
occurred from the river and canals. This increased seepage loss
was in part responsible for the rapid rise in ground-water levels
that necessitated construction of the drains.
The clear water also has had a tendency to scour the riverbed.
The scouring hasbeenhelped by the program of river rectification
of the International Boundary and Water Commission, which has
consisted of confining the river in a narrow channel and straightening or cutting off large bends of the riverbed. From 1917 to
1932 the river from Percha Dam to Leasburg Dam was shortened
about 2.93 miles and from Leasburg Dam to International Dam
was shortened about 2.81 miles.10
10 U. S. Army Corps of Engineers, Albuquerque district, 1947, Survey for flood control, Rio
Grande and tributaries: v. 8, appendix F, Sedimentation, chart 87, Sept. 1, 1947.
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The average annual degradation of the riverbed from 1917 to
1932, from 1932 to 1941, and from 1941 to 1942 is given in the
following table. The values were obtained by the U. S. Army
Corps of Engineers by taking the average of the lowering at 1-mile
intervals from profiles of the riverbed as prepared by the International Boundary and Water Commission. The profile in 1917 was
of the water surface while, 2,000 cfs was being released from
Elephant Butte Reservoir. The riverbed was assumed to be 1. 5
feet below the water surface. The profiles of the riverbed for
both 1941 and 1942 were taken in December of each year, before
and after the large spill (maximum of 8, 000 cfs) from Elephant
Butte Reservoir in early 1942. This large spill caused considerable
scouring, as shown in the table. Complete data for the Rincon
Valley for years succeeding 1932 are not available. Six cross
sections of the river in the Rincon Valley, obtainedfrom the International Boundary and Water Commission, indicate a lowering of
the riverbed from 1932 to 1943 from near Hatch southward. However, the cross sections are too few to show the conditions for all
the valley. Reports of a few farmers indicate scouring in sections
of the Rincon Valley comparable to that in the Mesilla Valley.
Some lands bordering the river in the upper portion of the valley
that formerly could be farmed without irrigation, because the water
table was accessible to plant roots (the practice being called subirrigation), have not been suitable for farming in that way in the
last few years because of the lowered water table.

Degradation of the bed of the Rio Grande, Percha Dam to Courchesne bridge, 1917 42
[U. S. Army, Corps of Engineers, Albuquerque district, N. Mex. , Sept. I, 1947, Survey for
flood control, Rio Grande and tributaries: v. 8, appendix?, Sedimentation, chart 87]
Average annual degradation in feet
Section

Mesilla Dam to Courchesne bridge.....

1917-1932
0.14.
.11
.07

1932-1941
0.07
.10

1941-1942

Total
1917-1942

0.95
.40

^.08
3.28
2.36

1 1917-1932.

The table shows an average degradation of the riverbed of more
than 2 feet in the Rincon and Mesilla Valleys from 1917 to 1942.
However, greater scouring has taken place in the upper part of
each valley. In the Rincon Valley practically all scouring from
1917 to 1932 was north of the Haynor bridge, about 10 miles south
of Hatch, where a maximum scouring of 7 feet was measured in 2
sections. In the section from Leasburg Dam to Mesilla Dam all
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the scouring took place above a point about 5 miles north of the
Mesilla Dam, a maximum of 8. 0 feet from 1917 to 1942 occurring
in the section 3 miles below Leasburg Dam. In the section from
Mesilla Dam to Courchesne bridge, all the scouring from 1917 to
1942 took place above Montoya, about 8 miles north of Courchesne
bridge, a maximum of about 5 feet occurring about 9 miles below
Mesilla Dam.
The probable effect of this degradation of the riverbed has been
to reduce the seepage loss from the r.iver. However, the installation of drains in the valleys has tended to increase the seepage
loss from the river, which may have offset the decrease due to
the degradation of the river bed.
Very few seepage runs have been made on the Rio Grande below
Elephant Butte. A seepage run in October 1913 (Follansbee, Follett,
and Gray, 1915, p.687) showeda gain in 12cfsfrom Elephant Butte
to Las Palomas, below Hot Springs (Truth or Consequences), a
loss from there to Leasburg Dam, a slight gain from that locality
to the present location of the Picacho flume, a loss to Mesquite,
a slight gain to Berino, and no loss or gain from Berino to near
El Paso. The total loss from Elephant Butte to near El Paso was
59cfs. This seepage runwas considered not accurate (Follansbee,
Follett, and Gray, p. 689). It was made before construction of any
drains.
Seepage runs were made by the U. S. Bureau of Reclamation in
November 1917, January 1918, and February 1918. Figure 8, which
has been taken from "Report on drainage results" by Fiock, U. S.
Bureau of Reclamation, October 1919, shows the results of the
three runs. The progressively smaller flow shown from November
1917 to February 1918 is due to decreasing bank storage and return
of water released for irrigation during the previous irrigation
season. The seepage run in February was made after the gates at
Elephant Butte Dam had been closed for 2 months and thus should
be more indicative of natural losses and gains. The only drains
constructed at that time were portions of the East and West Drains.
The graph shows a general gain as far as Salem bridge, due south
of Salem, a loss from there to Leasburg Dam, a small gain from
Leasburg Dam to Picacho flume, a loss from Picacho flume to
Anthony bridge, and a gain from there to Courchesne bridge. For
the Mesilla Valley this is about the same as is indicated by the
ground-water contours on the map of June 1917 (pi. 5). In February
1918, an overall gain of about 14 cfs is indicated from south of
Hot Springs (Truth or Consequences) to Courchesne bridge, consisting of a gain of 54 cfs to Salem bridge then a loss of about 40
cfs.
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Seepage runs from Elephant Butte Dam to Courchesne bridge
were made in January and February 1936 by the State Engineer's
office . The average results of this run, as taken from table 2,
(p. 8), of the report, are given in the following table and are also
shown on figure 8.
Average invisible gains and losses in the channel of the Rio Grande horn Elephant Butte
to El Paso, Tex., /an. 26-29, Feb. 1-3, 1936
Corrected gains and losses (cfs)
River section

Distance
(miles)

Section

Per mile

Elephant Butte Dam
Mescal Canyon
Above Hot Springs
Below Hot Springs
Above Palomas Creek
Below Palomas Creek
CaballoP. O.
Caballo Dam site
Percha Dam
Garfield flume
Below County line
Highway bridge, Hatch
Above Hatch drain
Selden Canyon
Leasburg Dam
Leasburg spillway
Picacho flume
Mesilla Dam
Mesquite bridge
Berino bridge
Vinton bridge
Country Club bridge
Courchesne bridge

0
2.0
5.7
9.9
15.3
16.4
24.4
29.0
31.3
36.5
42.4
51.1
56.9
69.0
75.9
78.4
87.4
99.7
106.5
115.9
124.9
132.7
140.0

-0.2
+7.9
+3.4
+2.0
+4.6
+6.0
+5.0
+3.3
+4.6
+5.6
-7.3
-1.2
-10.5
+.6
+.7
-2.4
-31.6
-16.1
-11.8
+8.3
-6.7
-14.7

Total

140.0

-50.5 ...................

-0. 101
+2.14
+.81
+.37
+4.18 >
+.75
+1.09
+1.43
+.88
+ .95
-.84
-.21
-.87
+.09
+.28}
-.271
-2.57
-2.37
-1.26
+.921
-.86}
-2. Ol|

Stretches

+32. 0

+10.2
-18.4

+32. 0

>§3
-8.2 g^
2

_! 7 <|
*
>
-31.6
rfrf
-16.1 } -74. 3 -55 £
-11.8
5
-13. ll
-50.5

Again of about 42 cfs is shown from Elephant Butte Dam to below the Sierra-Dona Ana County line and a loss of about 93cfs
from thereto Courchesne bridge, giving a net loss of about 51 cfs
from Elephant Butte Dam to Courchesne bridge. The seepage loss
in the Rincon Valley was about 8 cfs, and in the Mesilla Valley
about 74 cfs.
The seepage loss from the river is especially large from Picacho
flume to Berino bridge. In this section the Del Rio Drain parallels
the river on the east, emptying into the river about 2 miles above
Berino bridge opposite Berino. Also in this section the upper half
of the La Mesa Drain and the upper third of the Chamberino Drain
parellel the river on the west. The average flow of the Del Rio
Drain for February 1936 plus half that of the La Mesa Drain and
one-third that of the Chamberino Drain is about 71 cfs, as compared with the measured seepage loss of the river in this section
of about 60 cfs.
Bliss, J. H. , 1936, Report on investigation of invisible gains and losses in the channel of the
Rio Grande from Elephant Butte to El Paso, Tex. , (unpublished), 15 pp. , February 1936.
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The gain in flow of the river caused by seepage to the river in
the stretch from Berino bridge to Vinton bridge is in the section
where four drains empty into the river. This gain may be due to
seepage from the drains near their river outlets, where the water
table is probably high with respect to the water level in the river.
The seepage gains and losses are not constant throughout the year
but rather change seasonally and yearly in response to irrigation
returns and other factors.
The long-term seepage loss or gain of water from or to the
river in the Rincon and Mesilla Valleys is determined by subtracting the sum of the diversions from the river plus the outflow
at the lower end of the valley from the sum of the inflow at the
head of the valley plus the return wastage and drain flow of the
river. The resultant computed loss includes evaporation and
transpiration, water that was picked up by the drains and returned
to the river, and any changes in ground-water storage and net
ground-water inflow or outflow from the valley. These factors,
with the exception of the change in ground-water storage, also
are factors in results obtained from a seepage run. As even a
substantial change in ground-water storage such as the gain resulting from irrigation in the early years and the loss" resulting
from installation of drains is small when averaged over a period
of years, the two methods of computation are comparable. The
following table shows the net loss in the Rincon and Mesilla Valleys
as determined from mean annual flows, diversions, and wastage
in the two valleys from 1930 to 1946. The wastage was taken as
24 percent of the diversions, determined previously in the section
on operational aspects. The seepage loss for the Rincon Valley is
indicated to be about 6 cfs and for the Mesilla Valley about 76 cfs,
as compared with the losses of about 8 and 74 cfs, respectively,
obtained in the seepage run of February 1936 a total of 82 cfs for
both methods.
Average annual seepage loss from the Rio Grande in the Rincon and Mesilla Valleys,
1930-46
Acre-feet

Rincon Valley:
.
(in,th°£%f?1 , s)
Flow at Percha and Caballo Dams...................................................... . (+) °35.1
Diversions at Percha Dam............................................ .
(') y.- °
Wastage (24 percent of diversions)...................................
(+) 22> *J
Return drain flow...................................................................(+) 35. 4
Flow at Leasburg Dam................................ .
( ) °14- 2
Seepage loss......................................:.. ...
* "
or 6. 2 cubic feet a second
Mesilla Valley:
Flow at Leasburg Dam....................................................... -.".
Diversions at Leasburg Dam.............................................."-."""""""""
Diversions at Mesilla Dam................................................"....."""---"
Wastage (24 percent of div,ersions)..................................... . .

(+) °£*- /
(")
' J;
(") 31°- 6
(+) H9- 4

Return drain flow............?................................................. ..""
(+) 214-°
Flow at El Paso Station.....^.................................................................... (-) 594. 5
Seepage loss......................................................................................
55 - 6
or 76. 2 cubic feet a second
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This seepage (invisible) loss does not mean that the valleys
consume .or lose 60,000 acre-feet per year, but only that the
river itself loses this amount, a part of which may be picked up
by the drains discharged back into the river as visible flow. It
indicates that on the whole the river replenishes theground-water
body rather than that the ground water replenishes the river.
This invisible seepage loss is the excess of losses over gains in
the river and may be termed a net loss.
The gross loss of water from the river in the Rincon and
Mesilla Valleys may be estimated as the total of losses shown
for various stretches of the river in the seepage run of 1936,
equal to 102. 3 cfs or about 74, 000 acre-feet a year.
The relation between the flow of the river and the position of
the water table is shown by Slichter (1905; p. 26). The water
level in an auger hole 0.4 mile east of the river, west of Mesilla
Park, rose 1.6 feet from the 1st to the 9th of October when the
greatest flood recorded over a period of 10 years occurred in the
river on October 5, 1904. The total rise in water level in this
well was nearly 5 feet from September 19, 1904, when the river
was dry, to March 26, 1905, when observations ceased. The Rio
Grande had a continuous flow from the time of the flood to the end
of observations. In that period of time the rise in the water table
was apparent for more than 2 miles from the river.
It is probable that in certain stretches the river is perched
above the water table, in which case a variation in the flow of the
river will not cause an apparent change in water levels in adjacent
areas.
SEEPAGE FROM CANALS

The amount of seepage from the canals varies from section to
section. In some stretches of the canals where the soil is tight
only small amounts of water are lost; in others where the canal
traverses sandy soil the losses are quite large. No data are
available as to the relative losses in various sections of the
canals. Along sections where the losses are especially large, the
water table rose to such high levels in 1916 and 1917 that drains
were necessary. The large amount of seepage from the canals
can be inferred from the large number of drains that have been
constructed parallel to the canals, as shown on the accompanying
maps. (See pis. 2 and 3.) This condition is particularly apparent
along the upper parts of the East Side and West Side Canals.
The construction of numerous spur drains to intercept the seepage from the canals has resulted in the presence of drains along
both sides of some stretches of the canals.
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Figures 9 and 10 show the seepage from the Leasburg Canal in
the vicinity of Hill. These maps, obtained from the Bureau of
Reclamation, resulted from an investigation of seepage made to
determine means of relieving the seeped (waterlogged) land east
of the canal. Three sets of water-table contours are shown.
Those for July 1921 cover the whole area and show the conditions
that existed before construction of the Dona Ana Drain; those for
January 1922 and July 1922 are based on data obtained after construction of this drain. The water-table contours show seepage
of water from the Leasburg Canal, a greater gradient being indicated in the summer than in the winter.
Plate 9 shows the seepage from the Three Saints Lateral to the
Anthony Drain in the vicinity of»Berino. The map was prepared
by the Bureau of Reclamation in 1924 during an investigation of
the seeped land along the river. The steep gradient of the water
table from the canal to the drain and the slight gradient on the
west side of the canal show that most of the drain water from the
west in this area is derived from the canal.
Water levels in auger hole 16, located in the west toe of the Las
Cruces Lateral on the north line of sec. 2, T. 23 S., R. IE.,
have been measured monthly since 1924 by the Bureau of Reclamation. The seasonal fluctuation of the water level, plotted on
plate 8, is similar in time and magnitude to that in the other
auger holes located in the valley away from laterals. On the basis
of a comparable range of seasonal fluctuations in well 16 and in
other auger holes some distance from canals, it seems that at
this spot the seepage from the canal is about equal to that which
would occur from irrigated land.
It has been estimated, in a previous section of the report, that
the seepage and unaccounted-for losses from the canals and laterals average about 20 percent of the gross headgate diversions in
a normal year, which is equivalent to about 118,000 acre-feet a
year.

RECHARGE FROM IRRIGATION WATER

A portion of the ground water in the Rincon and Mesilla Valleys
is derived from irrigation waters applied to the lands in excess
of the consumptive use of the crops. The amount of this excess
varies with the practices of the individual farmer, the type of
land, and the type of crops grown.
The interrelation of the ground water and irrigation waters has
been discussed previously under "Fluctuations of the water table"
and "Depth to water. " The seasonal high ground-water level
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occurs at the end of the irrigation season and the seasonal low
water level occurs just before the initial diversions for the irrigation season.
The excess of irrigation water applied to the lands in an average year has been estimated (see p.
) to be about 17 percent of
the gross annual diversions, or about 100, 000 acre-feet a year.

RECHARGE FROM PRECIPITATION

The amount of ground water in the Rincon and Mesilla Valleys
derived from rainfall upon the valley floor is probably small on
the average. The normal annual precipitation at the Agricultural
College is less than 9 inches, most of which occurs in the form
of showers during the summer months when the evaporation and
transpiration rates are high. Thus probably the greatest part is
returned to the atmosphere. Some recharge to the ground water
occurs from showers upon land that has been previously irrigated
or from pools of rainwater that collect in shallow depressions.
Also, some recharge occurs directly from precipitation in years
of above-normal precipitation, such as in 1941 when the rainfall
exceeded the average by more than 100 percent.
Precipitation results in cancellation of orders for irrigation
water, which in turn results in a lowering of the water table. Thus,
as stated previously, the net effect of a light precipitation upon the
ground-water supply in the valleys is probably negative.
FigureS shows the water level for 1947 and part of 1948 in well
23. 2E. 29. 214 as measured daily at 5:00 p. m. and the daily precipitation as recorded at the Agricultural College at'the same location. Heavy rains in mid-August 1947 and in late .February 1948
apparently caused rises of more than 0.2 foot in the water table.
Precipitation in the winter months generally had little effect upon
the water table because of the dryness of the soil.

DISCHARGE OF GROUND WATER

Ground water is discharged from the Rincon and Mesilla Valleys
by return drain flow to the river, by'direct seepage to .sections of
the river, by evaporation from water surfaces of the drains and
ground-water ponds, by transpiration by plants in areas of shallow
water, and by ground-water flow leaving the lower end of the
valleys.
The amount of ground water discharged by the drains is by far
the largest, about 249,400 acre-feet a year in the Rincon and
Mesilla Valleys. (See table 5, p. 141.)
TX_MSJ_005519

78

GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

The direct seepage to the river occurs in a few stretches where
the water table is higher than the level of the water in the river.
The seepage run made in February 1936, which was discussed oh
pages 71-73, shows that the river gained 10.2 cfs from Percha
Dam to below the Sierra-Dona Ana County line, 1.3 cfs from
Selden Canyon to Leasburg spillway, and 8. 3 cfs from Berino
bridge to Vinton bridge, a total invisible seepage gain of 19. 8 cfs
or about 14, 000 acre-feet a year. The present amount gained by
the river is probably greater, as the level of the riverbed has
lowered somewhat since the seepage run was made. (See page
68.)
The discharge of ground water by underflow at the lower ends
of the Rincon and Mesilla Valleys is small. Slichter (1905, p.
9, 13) in 1904 showed that the thickness of the alluvium in the
narrows of the Rio Grande a few miles above El Paso probably
does not exceed 86 feet and that the ground-water flow probably
does not exceed 11, 200 cubic feet a day, or 94 acre-feet a year.
The ground-water flow from the Selden Canyon, at the end of
Rincon Valley, to the head of the Mesilla Valley is not known,
but, because of the narrowness .between the rock walls of the
canyon and the apparent thinness of the alluvium, the flow is probably small and may be about the same as that leaving the Mesilla
Valley.
Water evaporates from the drains and the small area of groundwater pools at the surface. The evaporation of ground water that
is discharged to the drains is not definitely known but, on the
basis of about 270 miles of drains having a width of flow of about
5 feet and an estimated annual evaporation of 4. 5 feet, (National
Resources Committee, 1938, p. 91, table 80) it probably amounts
to about 700 acre-feet a year in the Rincon and Mesilla Valleys.
The total area of ground-water pools at the surface in 1936 was
determined as 51 acres in the Rincon and Mesilla Valleys. (See
table, p. 20 .) The ground-water discharge by evaporation from this
area is therefore only about 230 acre-feet a year.
Transpiration of ground water by plants in areas of shallow
depth to water may be roughly estimated from the area of native
vegetation. The area of native vegetation is not definitely known
but may be estimated as about 8, 400 acres, on the basis of the
total acreage of the valleys less the area of irrigated lands, river
and canal surfaces, riverbed
rights-of-way, and towns. (See
p. 115.) Some of the area of 8, 300 acres constituting the rightsof-way may be covered with native vegetation. If half the area of
rights-of-way is assumed to be covered with native vegetation,
the total area of native vegetation in the Rincon and Mesilla Valleys
is about 13, 000 acres. The total annual discharge of ground water
by native vegetation in these valleys is, thus, about 40,000 acreTX_MSJ_005520
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feet a year, on the basis of an average consumptive use of 3. 5
feet minus an estimated 0. 4 foot supplied by precipitation (National
Resources Committee, 1938, p. 92, table 81).
CHEMICAL QUALITY OF WATER
GENERAL FEATURES

The chemical quality of ground water that is, the character
and amount of dissolved mineral matter in the water is dependent upon its source, temperature, the chemical character of the
water-bearing formation, and the length of time spent in flowing
from the source to the point of sampling. Rainwater, which has
only minor amounts of dissolved mineral matter, begins to dissolve mineral matter from the time it falls upon the ground. The
part that remains on the ground as surface water generally dissolves less mineral matter than that which sinks underground to
be in constant contact for long periods with the material composing
the aquifer. Therefore, ground water generally contains a greater
amount of dissolved mineral matter than natural surface water.
Use of water for irrigation results in loss of a part of the applied
water to the atmosphere by transpiration and evaporation. This
process increases the concentration of salts in the soil and in that
part of the irrigation water that percolates to the ground-water
body and then feeds the drains. As a result, the drain water has
a higher concentration of dissolved salts than the surface water
initially applied to the lands. Reuse of drain water again increases
the concentration of dissolved salts in the remaining water. Therefore, an increase in dissolved salts in the irrigation waters is to
be expected from the upper to the lower end of the project.
No definite limits can be set on the amount of various dissolved
salts in water that will make water unsuitable for irrigation. The
more dissolved solids a water contains, the less suitable it becomes for use as irrigation water. In general, the higher the
concentration of salts in irrigation waters, the greater the excess
of water that must be applied to the crops in order to keep the
concentration of dissolved salts in the soil moisture within satisfactory limits. Certain crops are more tolerant of a high concentration of dissolved salts than others. Figure 11, from Wilcox
(May 1948, p. 6), gives a classification of waters for use in irrigation. The electrical conductivity is the specific conductance of
the water in micromhos at 25 C. The conductance is a relative
measure of the concentration of dissolved solids, or, more specifically, of the total number of ions in the solution. A rough
measure of the dissolved solids in a water can be obtained by
multiplying the specific conductance in micromhos by 0.7, an
average figure for waters of the Rio Grande.
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Figure 11. Diagram for use in interpreting analyses of irrigation water.
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The significance of the sodium percentage is due to the role of
the basic or cation constituents in the exchange reactions that
occur when water containing dissolved salts comes in contact with
the soil. The use of irrigation water containing a high percentage
of sodium tends to impair the physical condition of the soil whereas
the use of water having a low percentage of sodium tends to maintain a good physical condition or to improve a poor physical condition that has been caused by the deflocculation of the clay fraction (Scofield, 1938, p. 5).
Thirty-four analyses of ground waters from 30 wells and 2
springs in the Rincon and Mesilla Valleys and adjacent high lands
were made by the Quality of Water Branch of the U. S. Geological
Survey during the present investigation. These and a few other
analyses of water are reported in the table on pages 83, 86.
Radium Springs is at Leasburg Dam and Derry warm springs is
about a mile northeast of Derry. The wells have been separated
in the table into those in the flood plain of the Rio Grande and
those above the flood plain. This classification, adopted mainly
to show the difference in the quality of water from the two sources,
is not definite for a few wells, such as (22. IE. 33. 321), that are
along the edges of the valley floor; they are on ground that is
somewhat higher than that of the valley but they actually derive
water from underflow of the valley.
According to the available analyses, the water obtained from
wells above the flood plain of the valley generally has less dissolved
solids but a higher percentage of sodium than water obtained from
shallow wells in the valley floor. However, there are numerous
exceptions to this.
The ground water above the valley floor may be subdivided
generally by type into: that occurring under the mesa or high land
surfaces; that under the arroyo beds; and that under land adjacent
to the arroyos, which may be a mixture of the other two. The type
of water obtained from beneath an arroyo bed is illustrated by the
water obtained from TierraBlanca Creek near Arrey(in the wells
of E. W. Powers and Mickey Plemmons), which is characterized
by a small amount of fluoride and dissolved solids and a low percentage of sodium. Water from the mesas of the Santa Fe formation, as shown by the wells of A. J. Osborn (near Arrey), the
Southern Pacific wells at Af ton and Strauss, and those of Mrs. Annie
Braidfoot in the southern part of La Mesa area, is somewhat higher
in fluoride, dissolved solids, and percent sodium than the water
beneath the arroyo beds. The well of J. W. Daugherty, located
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on the Jornada del Muerto east of Las Cruces in the Santa Fe formation, obtained particularly good water, similar to arroyo-bed
water, with only 205 ppm of dissolved solids and a sodium percentage of 36.
The analyses of samples of water from the irrigation wells of
Clyde Cowan and K. H. Walker indicate that the water is essentially the same as that found in the valley floor, as shown by the
small amount of fluoride and the large amounts of calcium, magnesium, sulfate, chloride, and dissolved solids. These wells are
close to the edge of the area of irrigated lands in the valley, on
higher ground, and they probably derive a large parfof their water
from the underflow of the valley. Water obtained from the valley
fill along the Rio Grande is generally low in fluoride and rather
high in calcium, sulfate, chloride, and dissolved solids, has a
moderate percentage of sodium, and is hard.
The well of C. C. Rice is on the mesa beside the railroad at
Fort Selden, about a mile south of Radium Springs and above the
valley floor. It reportedly hit rock at about 125 feet. The water
in this well contains 3,280 ppm of dissolved solids and 74 percent
sodium and is similar to the water of Radium Springs. Analysis
of the water of Selden Drain (p. 86) indicates that water with a
high concentration of dissolved solids and a high percentage of
sodium is entering the valley in this area.
VARIATION OF QUALITY WITH DEPTH

The quality of the water in any area varies considerably both
laterally and vertically. Variation in the quality of water with
depth is shown in the following table. The 3 wells of different
depth owned by T. L. Simpson show very poor water at the shallow
depth of 42 feet, containing 1,950 ppm of dissolved solids and
having a hardness of 934 ppm, and comparatively good water at
the depth of 242 feet, with 297 ppm of dissolved solids and a hardness of 170 ppm. The analyses of the water in the wells of Fay
Sperry and the Las Cruces Country Club, which are about a quarter
of a mile apart and above the valley floor of the Rio Grande, north
of Las Cruces, indicate water of better quality at lower depths.
The analyses of water as reported at different depths in the domestic well 3 of the State Agricultural College indicate progressively better water with depth to 401 feet. Analyses of water from
wells in the vicinity of Mesilla Park also indicate better water at
depth, particularly with respect to hardness. Analyses of water
from wells in the vicinity of Berino indicate very little decrease
in the dissolved solids but a slight decrease in hardness at depth.
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Change in quality of water with depth in localities in Mesilla Valley, N. Mex.

[Analyses by C. W. Botkin, Chemist, State Agricultural College, N. Mex., unless otherwise
indicated]
Location
and
name

Date of collection

Depth
(ft)

Dissolved
solids
(ppm)

Hardness
(ppm)

Northwest of Las Cruces, on valley floor
T. L. Simj
Do...
Do

Aug. 13, 19471.. ........
..........do...................
..........do...................

42
162
242

1,950
481
297

934
314
170

2,130
720
473
411

565
240
145
214

2,500
1,070
732
1,054
810
440
2 510
2 698
370

350
300
240
350
280
145
2200
2260
150

North of Las Cruces, above valley floor
(upper water)
Do.............................
Las Cruces Country Club........ February 1929.............
Do............................. AUR. 13, 19471.. ..........

78*
130
200
200

State College, above valley floor
(Total depth 428 feet)

1938.........................

64
73
185
230
230
300
401
401
401

Mesilla Park, on valley floor
H. B. Elmendorf.. ...............
Barker well........................
H. B. Elmendorf.................
Albert Archer.....................
Las Cruces Ice Co. ..............
Ray Langford.....................

August
July

1925..............
1929..............

July
1929..............
Oct. 1, 1925..............
Aug. 13.19471.. ..........
June 25, 1946..............

100
108
117
140
150
224
268

450.
824
430
528
670,
3285300

305
99fl

210
150

Berino

Do...........................
Do...........................

February 1928.............
April
1927.............
...........do................
May
1927.............

4031
205
246

1,700
707
1,660
1,530

Analysis by U. S. Geological Survey.
TSelore clearing well of drilling water.
'Estimated from conductance.
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The quality of the ground water in the area does not everywhere
improve with depth. The present well of the Santa Fe Railway at
Las Cruces was originally drilled to 251 feet in 1925 in search of
water of a better quality than that obtained at a shallow depth.
However, water of poorer quality was reportedly obtained and the
well was filled back to 83 feet.
J. M. Taylor of White, Tex., reports that a well at his place
in sec. 25, T. 28 S., R. 3 E., drilled to 300 feet in the valley
floor near the lower end of the Mesilla Valley, obtained very poor
water. He helped drill a number of wells in the same general area
a number of years ago in search of water suitable for the town
supply. All had poor water at lower depths, especially below 100
feet.
Mr. Paul Harvey, owner of the waterworks of White, reports
that he drilled 10 or 12 wells a few years ago and 11 wells in 1946,
in search of water suitable for the town supply. The wells were
drilled at various localities near the town, on and above the valley
floor in the Texas portion of the Mesilla Valley. The only satisfactory water was found at the location of the present supply wells
in sec. 35, T. 28 S., R. 3 E. The 8 present town wells are 130
feet deep and are located between the bank of the Rio Grande, about
200 to 800 feet to the west, and the Montoya Lateral to the east,
an area not more than 1, 500 feet wide. Mr. Harvey reports that
the wells end in a clay stratum and that poor water is found below
the clay. It is probable that these wells obtain water from the
river and from seepage from the lateral.
Sayre and Livingston (1945, p. 7) report that 2 test wells drilled
in the Mesilla Valley, in search of a water supply for El Paso,
yielded salty water. The Lippincott well, drilled to 1,074 feet in
the Mesilla Valley by the city of El Paso, encountered water too
highly mineralized for most purposes (Sayre and Livingston, 1945,
p. 47, 106).
Slichter (1905, p. 11, 12) in his study of the underflow of the
Rio Grande at the narrows at the lower end of the Mesilla Valley,
found a definite increase in chloride and dissolved solids in the
ground water to the observed depth of 60 feet. The dissolved solids
increased from 1,690 ppm at a depth of 10 feet to 46,000 ppm at
60 feet.
VARIATION OF QUALITY AREALLY

The quality of both surface and ground waters of the area included
in the Rio Grande project varies areally, being generally best at
the head of the project and becoming progressively poorer toward
TX_MSJ_005526
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the lower end. In the following table are given analyses of the
surface water below Elephant Butte Dam, Leasburg Dam, and the
El Paso gaging station, along with analyses of drain waters and
individual samples from auger holes in the Mesilla and Rincon
Valleys. These were taken from the detailed analyses reported
in the Rio Grande joint investigation. The analyses given for the
surface water at the three points on the Rio Grande are the average
of .the monthly averages reported for 1936 and represent closely
the average quality of the surface water in that year. The analyses
reported for the drain water are an average of 10 samples taken
in the period 1929 to 1936 and may represent the average quality
of water of the drains better than the individual sample taken in
1936. Except for the East Drain, however, the analyses show no
large variation in quality with respect to time. Variation of the
quality of water in the East Drain appears to be related to the
change in amount of waste water present. The analyses given for
the subsoil waters in the auger holes established for the Rio Grande
joint investigation include only the one detailed analysis available
for each hole, made in 1936. The one analysis for each hole probably does not represent the average quality of the subsoil waters
at the hole but probably does give an indication of the relative
quality areally in 1936 and gives some basis for comparison of the
drain waters and the surface waters with the subsoil waters.
The water of the Rio Grande shows an increase in concentration
of dissolved salts downstream from Elephant Butte to El Paso
station. There is little change in the relative concentrations of
the dissolved mineral constituents through the percent sodium
shows a very slight increase.
The drain waters of the Rincon Valley seem to be nearly uniform
in quality, all having, in 1936, higher concentrations of salts than
the river above the Rincon Valley at Elephant Butte and below the
valley at Leasburg Dam.
The waters of the various drains in the Mesilla Valley differ
considerably in quality. The differences probably reflect to some
extent the sources of waters in the various drains. In general the
drain waters become more highly mineralized from the upper end
of the valley to the lower end. However, the Selden Drain, at the
upper end of the valley, has a higher concentration of dissolved
solids and percent sodium than the water of the Rio Grande and of
the Leasburg Drain to the south. Radium Springs (Selden Springs),
in the valley just above Leasburg Dam, bring some highly mineralized ground water into the upper end of the Mesilla Valley and
may form part of the accretion of the Selden Drain. The irrigation
well of C. C. Rice at Fort Selden at the upper end of the valley,
referred to previously, also has water of poor quality.
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Analyses of water in Rjncon and Mesilla Valleys, N. Mex.

[Schofield, Carl S. , 1938, Quality of water of the Rio Grande Basi/above Fort Quitman, Te
U. S. Geol. Survey Water-Supply Paper 839, p. 23. 28,34,264,284-88]

Dissolved solids
Source of water

Rio Grande:
Below Elephant Butte Dam.............
El Paso station............................
Drains:
Rincon Valley:
Garfield Drain, near outlet to river.
Hatch Drain, near outlet to river..
Angostura Drain, near outlet to
Rincon Drain, near outlet to river..
Mesilla Valley:
Selden Drain, near outlet to river...
Leasburg Drain , above inlet to Del
Rio Drain............................
Picacho Drain, above outlet to
Mesilla Drain, above inlet to Del

Tons
per
acrefoot

Montoya Drain, above outlet to
Auger holes:
Rincon Valley:
Garfield well(206) 18. 4. 8. 244....
Salem well (207) 18.4.35. 111....
Hatch well (208) 19. 3. 10. 334....
Tonuco well (209) 19. 2. 35. 422..
Mesilla Valley:
Dona Ana well (223) 22. IE. 16.433
Picacho well (224) 23. IE. 16. 444..
Mesilla well (225) 23. IE. 35. 211..
Santo Tomas well (226)
24. 2E. 33. 124.......................
Chamberino well (227)
26. 3E. 19. 113......................
Anthony well (228)
26. 3E. 34. 444......................
La Union well (229)
27. 3E. 16. 343......................
Montoya well(230)28.3E.26.142

Remarks

581
699
1,040

43
44
53

Average for 1936.
Do.
Do.

1.33
1.33

978
978

44
38

Average of 10
analyses,
1929-1936.

1.05
1.35

773
993

39
46

1.43

1,050

51

Do.

1.01

743

42

Do.

1.15

846

41

Do.

1.30

956

46

Do.

45

Do.

Do.

1.26

927

2.13

1,570

55

Do.

1.13

832

47

Do.

4.06

2,980

71

Do.

2.34

1,720

61

Do.

2.50

1,840

64

Do.

1.61

1,180

58

Do.

2.33

1,710

64

Do.

2.70
2.10
1.70
2.13

1,980
1,540
1,250
1,570

46
30
77
33

Aug. 12, 1936.
Do.
Do.
Do.

1.50
2.11
2.06

1,100
1,550
1,520

49
87
43

Aug. 12, 1936.
Do.
Do.

1.47

1,080

39

East Drain, above confluence with
Anthony Drain, above confluence
with East Drain.....................
Nemexas Drain, above confluence
with West Drain....................
West Drain, above confluence

Percent
sodium

0.79
.95
1.41

DelRioDrain, above outlet to
river (includes flow of Leasburg
Chamberino Drain, above confluence with La Mesa Drain.......
La Mesa Drain, above confluence

ppm

Do.

1.28

941

38

Do.

3.24

2,380

65

Do.

5.07
3.02

3,730
2,220

47
77

Do.
Do.
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On the basis of quality, the waters of the remaining drains in
the Mesilla Valley, except possibly the East Drain, which apparently
has water of higher concentrations than found in the irrigation
water, seem to be composed mainly of return irrigation water with
some river seepage and canal wastes. There seems to be no definite relation between quality of the water and distance of the drains
from the river. The drains that parallel the river and intercept
the seepage from it may be called riverside drains, whereas those
away from the river may be called interior drains. The water of
the Del Rio Drain, which parallels the river and includes the flow
of the interior drains, the Leasburg, Mesilla, and Park Drains,
is comparatively good, having 927 ppm of dissolved solids and 45
percent sodium. The water of the Chamberino Drain, which is
predominantly a riverside drain, has a high concentration of dissolved salts, 1, 570 ppm, and 55 percent sodium, as compared to
832 ppm dissolved solids and 47 percent sodium for water of the
La Mesa Drain, which is partly a riverside and partly an interior
drain, in the same general area. The West Drain, which parallels
the western edge of the valley, has water of poorer quality, 1,180
ppm of dissolved solids and 58 percent sodium, than that of the La
Mesa Drain.
The drain in the Mesilla Valley that has water of the poorest
quality appears to be the East Drain, which includes the flow of
the Mesquite Drain. These drains parallel the east side of the
valley from Anthony to a point north of Mesquite. The average
concentration of dissolved salts in this water is 2,980 ppm with
about 71 percent sodium. Waters of high sodium percentage are
found in some of the wells on the side mesas, and it may be that
water east of the valley toward the Franklin Mountains also has a
high concentration, of dissolved solids and enters the drain, or
that similar water occurs in the valley in this area and has not
been completely flushed by excess irrigation water applied to the
lands.
The individual water analyses for the shallow auger holes in the
Mesilla Valley in 1936 show a higher concentration of dissolved
solids than the water of the adjacent drains. The percentage of
sodium in the water is variable, being less than 40 in 4 of the holes
more than 60 in 4 of the holes, and between 40 and 60 for the remaining 4 holes. If these analyses are representative, the subsoil waters have a higher concentration of dissolved solids than the
drain waters. This may be true, as the drain waters are a mixture
of canal waste and river seepage along with the ground-water
accretion of excess irrigation water applied to the lands. As none
of these holes are located between a drain and the river, their
water may represent more nearly the quality of the excess irrigation water applied to the land than do the waters of the drains.
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The Anthony auger hole is located at the lower end of the East
Drain, which has water of poor quality. Water from the Anthony
hole also is of poor quality but apparently not as poor as that in
the drain. As the hole is west of the drain it is not evident whether
poorer water is entering the drain from the east or from other
areas along the drain above the hole.
QUALITY OF LAS CRUCES WATER SUPPLY

The water supply of LasCruces prior to 1937 was obtained from
2 wells, 75 and 100 feet deep, drilled in the valley floor. As water
from these wells was very hard (hardness about 500 ppm) a new
supply was developed east of the town, from wells drilled between
2 arroyos on the pediment overlooking the valley. Water obtained
from this source originally had less than half the hardness of the
former supply. Additional wells have gradually been added at this
new location to a total of 5 in 1947, all within a radius of about
150 feet. Pumping of these wells has resulted in a lowering of the
water level below that in the valley. The original water level is
not definitely known but was probably slightly above that in the
valley. The trough in the contours of the water table in the vicinity
of the city wells, as shown on the water-table map of Dona Ana
County (pi. 1), indicates that a lowering of at least 10 feet has
probably occurred. This lowering will cause a greater proportion
of the pumped water to be drawn from the valley and will eventually
cause an increase in the hardness and dissolved solids of the city
supply. The following tabulation of the quality of water of the city
supply indicates that a slight increase in dissolved solids may have
taken place at the present location, as shown by the analysis of the
hydrant water in 1939 and .that from well 2 in 1948. Analyses in
May 1947 and in March 1948 of the water from the new city well 5
also show an increase in dissolved solids and hardness. These increases may indicate that a progressively greater part of the water
in the wells is being drawn from the valley.
Change in chemical quality of city water supply of Las Cruces, N. Mex., 1918 43
[Note: Water supply prior to 1937 obtained from two wells, 75 and 100 feet deep, drilled on
valleyfloor. Beginning in 1937, water obtainedfrom wells located on high ground east of city]

Source

Date

Aug. 15, 1918 1 ..............
Do................ 19301 ...........................
Do................ 1934 f?)1 ............... ........
Do................
Hydrant4 ............. May 11, 1939»...............
May 6 1942"
City well 2.......... Mar. 25, 1948*.... ..........
City well 5.......... May 6, 1947»................
Do................ Mar. 25, 1948s .............

Hardness
(ppm)
501
485
527
210
160
248
441
482

Total
dissolved
solids
(ppm)
913
943
970
1,012
403
490
442
747
770

Sodium
(percent)

lAnalyzedby C. W. Botkin, chemist, State College, N. Mex.
2Hydrant water at Pueblo Courts.
'Analyzed by U. S. Geological Survey.
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The concentration of dissolved solids in the new city well 5,
more than 750 ppm, and hardness of more than 440 ppm approach
the concentration of the waters in the valley in this area. Well 5
when originally completed was screened from 262 to 285 feet but
because of the small discharge, about 50 gallons a minute, the
casing was later perforated from 210 to 250 feet. The poorer
water is evidently entering the well at the higher level. The casing record for well 2 is not known but is presumedly about the
same as for wells 1, 3, and 4, which have 20-foot screens set
near the bottom of the wells, at about 300 feet.
SUMMARY OF QUALITY OF WATER

In conclusion, the quality of water obtained by wells of moderate
depth in the valley floor is similar to that in the drains and somewhat poorer than river water. The dissolved solids in the ground
water at moderate depths in the Rincon and Mesilla Valleys may
average about 1,000 ppm, with 35 to 50 percent sodium. This
water is suitable for irrigation, although not as good as river
water, being classed as good to permissible. (See fig. 11.) In
general, deeper wells in the Mesilla Valley supply better water.
One notable exception is in the lower end of the Mesilla Valley
where the quality apparently becomes worse with depth. Some
shallow waters in various areas are particularly poor. The quality
of the water is evidently poorer at the lower ends of the Rincon
and Mesilla Valleys than at the upper ends, except in the vicinity
of Radium Springs.
The quality of water obtained by wells drilled in the Santa Fe
formation flanking the valleys is generally potable, with dissolved
solids of about 500 to 700 ppm and a hardness of generally less
than 200 ppm. The sodium content is generally high, about 70 percent, and the fluoride in some localities is quite high, more than
the 1. 5 ppm generally considered the safe limit for growing children to escape mottled teeth (Public Health Service, 1946, p. 371384).
The best water in the area, with respect to dissolved mineral
matter, apparently occurs under the arroyo beds where the comparatively fresh flood waters from the hills and the mesas sink
into the ground. This water probably contains, on the average,
less than 300 ppm of dissolved solids, less than 200 ppm hardness,
and only minor amounts of fluoride.
The source of the comparatively good water at depth in many
localities of the Mesilla Valley is probably the side inflow from
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the bordering mesas. This may be particularly true at the outlets
to the arroyos, which at various times have flooded and built alluvial fans extending into the valley. These fans may have thin clay
lenses extending from the arroyo mouth into the valley under which
fresher water may have been stored.
HYDROLOGIC CHARACTERISTICS OF WATER-BEARING FORMATION
GENERAL CONDITIONS

In order to properly evaluate the amount of flow of underground
water and the long-term effects of pumping, two important hydrologic characteristics of an aquifer, the coefficients of transmissibility and storage, must be known. The storage coefficient under
water-table conditions is approximately equal to the specific yield.
The ease with which water moves through an aquifer depends
upon the interconnection and size of the pore spaces and to some
extent upon the temperature of the water. The coefficient of transmissibility, which expresses the rate of flow, is defined as the
quantity of water in gallons a day that will percolate under the prevailing temperature through a vertical strip of the aquifer 1 foot
wide, oriented perpendicular to the direction of flow of the water,
under a unit hydraulic gradient.
Not all the water stored in an aquifer is available to wells. Only
a portion of the water filling the pore spaces will drain out under
the action of gravity. The specific yield of an aquifer is a measure
of the ability of the aquifer to release water to wells under the
action of gravity. It is defined as the ratio, expressed as a percentage, between the volume of water that a saturated aquifer would
yield by gravity and its own volume. As not all the water drains
from the aquifer, the specific yield is somewhat less than the
porosity of an aquifer. The larger the size of the pore spaces the
larger the specific yield. Clay has a large porosity but a very
small specific yield as a result of the minute size of the pore
spaces. If the specific yield of an aquifer were 25 percent, then a
decline of water level of 1 foot would represent a quantity of water
of a depth of 0. 25 -foot distributed over the area of the aquifer.
COEFFICIENT OF TRANSMISSIBILITY
METHODS OF DETERMINING

The coefficient of transmissibility can be determined either in
the laboratory or in the field by computations based on the rate of
discharge of the water in relation of the gradients. Exact determination of the coefficient is difficult; of the several known methods,
the two used in this investigation as described below.
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One of the field methods of determining the coefficient of tuansmissibility is that developed by Theis (1935, p. 522), which consists of pumping a well at a constant rate for a period of time and
noting the rate of recovery of the water level in the well after
pumping has ceased. The coefficient of transmissibility is then
computed by means of the following formula:
T = (264 Q/s') log 1Q
in which

T=coefficient of transmissibility, defined above.
@=discharge rate of well, gallons per minute,
s'^residual drawdown in well at time t', in feet.
t -time since pumping started.
t* =time since pumping stopped.
If the pump has been operated for periods previous to the period
of pumping immediately preceding the measurement of recovery of
water level, then these previous periods of pumping can be taken
into account by modifying the formula as follows:
T - 264 «?/. ) Iog 10 *\ '**
i^
fi

'3.-"t".

in which t r tr t3, tn = time since the beginning of previous periods
of pumping
arid t^.tj, *3 Vn ' = time since the end of previous periods of pumping
Theoretically, the equation applies only to an aquifer of infinite
areal extent that is composed entirely of homogeneous sediments,
in which a well penetrates the entire thickness of the aquifer, and
in which the coefficient of transmissibility is constant at all times
and places.
In practice almost none of these conditions is completely fulfilled. However, in most aquifers the departures from the theoretical conditions are small enough to allow use of the formula to
obtain workable results.
As the aquifer in the Rincon and Mesilla Valleys is composed of
sediment deposited by a meandering stream, the deposit is not
homogeneous in either vertical or horizontal extent and therefore
the coefficient of transmissibility will vary from locality to locality,
even within a short distance. This necessitates the determination
of the coefficient of transmissibility at as many points as feasible.
No aquifer is of infinite areal extent; however, the horizontal extent
of an aquifer can usually be considered as infinite for short periods
of pumping. Failure of wells to penetrate the full thickness of the
aquifer causes some error but this error is considered to be small
so long as the drawdown is not too large a percentage of the saturated formation penetrated by the well and the well casing is perforated at all water-bearing formations.
317267 O - 55 - 7

TX_MSJ_005533

92

GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

The rate of accretion of ground water to a drain is dependent
upon the coefficient of transmissibility of the aquifer and the slope
of the water table to or from the drain. Given the rate of gain in
flow of a drain in cubic feet per second per mile and the sum of
the average gradients of the water table to each side of the drain,
expressed as a decimal, the transmissibility of the aquifer can be
determined from the following formula:
T

Gain in flow x 122
2 Gradient

Gradients of the water table to the drain are considered positive;
those away from the drain are negative. Gradients must be selected
where the water table has a nearly constant slope, far enough from
the drain to be uninfluenced by the sharp change in slope of the
water table that occurs near the drain. (See fig. 14.) Also, water
must not be added to the water table between the drain and the
points of measurement of the slopes.
In practice, determination of the coefficient of transmissibility
from any individual set of measurements is subject to error because of addition to the ground water by return irrigation water at
points between the drain and the wells used for measurement. An
average of the values determined at monthly intervals for a period
of a year would probably approach the correct value for the coefficient of transmissibility.
PUMPING TESTS

The coefficient of transmissibility was determined by the Theis
method (p. 91) by noting the recovery of water levels in 4 wells
on the floors of the Rincon and Mesilla Valleys, and in 3 wells on
the higher lands bordering the valleys. The curves of the recovery
of the water level obtained from the 7 wells are given in figures
12 and 13.
The irrigation well of B. S. Thurman, in the Rincon Valley, sec.
4, T. 19 S., R. 3 W., located in the valley bottom about 1, 500
feet north of the river and about 300 feet south of the bluff of the
mesa, was pumped at the rate of about 660 gpm for 4 days, after
which the rate of recovery of the water level was measured. This
well is only 52 feet deep and reportedly ends in a gravel bed. The
maximum drawdown was 8. 9 feet, 13. 5 feet below the land surface
at the end of the 4 days' pumping. The coefficient of transmissibility
as determined from the recovery rate of the water level was 136, 000
gpd per foot. It is probable that if the well had been deeper a
slightly larger value for the coefficient of transmissibility might
have been determined. However, the value determined is high and
is probably representative of the unconsolidated riverbed deposits.
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23.2E. 8.434
City of Los Cruces

i.OO

2.00

3.00

RESIDUAL DRAWDOWN, IN FEET
Figure 12. Curves of recovery of water levels obtained by pumping tests on five wells in

Rincon and Mesilla Valleys.
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23. IE. 13.244
AT. and S.F. RR

Lloyd Welch

.2

.3
.4
.5
RESIDUAL DRAWDOWN, IN FEET

Figure 13. Curves of recovery of water levels obtained from pumping tests on two wells in

Rincon and Mesilla Valleys.
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The irrigation well of Ben Luchini, also in the valley bottom of
the Rincon Valley, sec. 31, T. 17 S., R. 4 W., about 1,000 feet
east of the river, was pumped for about 9 hours with a discharge
of about 1, 000 gpm and a drawdown of about 14 feet. The well had
been pumped on previous days also.. The coefficient of transmissibility determined from the recovery of the water level was 167,000
gpd per foot, which is quite high.
The water supply well of the Atchison Topeka & Santa Fe Railroad at Las Cruces was pumped for 15 hours at an average rate of
about 64 gpm with a drawdown of 3. 9 feet. This well at present is
reported to be 83 feet deep but originally it was drilled to 251 feet.
The coefficient of transmissibility was determined as 91,000 gpd
per foot. This value may be slightly lower than actual, as it is
probable that the sediments were not completely drained because
of the small drawdown. However, the value determined is probably of the right order of magnitude for the sediments. The low
specific capacity of this well compared with the high coefficient of
transmissibility suggests that the perforations in the well casing
are encrusted, causing a large entrance loss of head of the water.
The irrigation well of the State College, 23. 2E. 29.143, located
on the valley floor, was pumped for 24 hours at an average rate of
1,270 gpm with a drawdown of 13 feet, to 26 feet below the land
surface. The well was reportedly drilled to 50 feet. The value of
the coefficient of transmissibility determined from the recovery
of the water level was 116,000 gpd per foot. As the drawdown in
this well was a large percentage of the depth of the well, it may
be that the actual value of the coefficient of transmissibility is
slightly higher. However, as stated for the other wells, the value
obtained is high and is what might be expected for the sediments.
The irrigation well of A. J. Osborn in sec. 14, T. 17 S., R. 5
W., was pumped at 250 gpm for about 7 hours with a drawdown of
about 23 feet from the static level of 60 feet. This well is near the
northern end of the Rincon Valley, on the north side of Montoya
Arroyo above the valley floor. The value obtained for the coefficient
of transmissibility was about 13, 000 gpd per foot. However, this
figure may not be correct because recovery of the water level did
notconform to theory, the curve obtained being composed of essentially 3 straight segments. (See fig. 10.) Other portions of the
recovery curve yielded values of 22,000 and 51,000 for the coefficient of transmissibility. It is evident, though, that the formation
is less permeable than that of the valley floor.
Another irrigation well above the valley floor, belonging to Lloyd
Welch, was pumped at 700 gpm for 10 hours with a drawdown of
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9 feet. This well is on the south side of Tierra Blanca Creek in
sec. 26, T. 17 S., R. 5 W., about 2 miles south of the Osborn
well. The coefficient of transmissibility obtained from the recovery of the water level was 298,000 gpd per foot, which is very
high. This well reportedly penetrated 43 feet of good gravel below the water level in a total depth of 88 feet, which may account
for the high value obtained on this short test. It is probable, had
the pump been operated for a longer time, the effect of the pumping would have reached beyond the extent of the gravel stringer
and a smaller value of the coefficient of transmissibility would
have been obtained.
The new city well 5 of Las Cruces, drilled to 300 feet, was
pumped for 3| days at 250 gpm. The maximum drawdown of water
level was about 12 feet below the static level of about 186 feet below land surface. The value of the coefficient of transmissibility
as determined from the recovery of the water level was 73,000 gpd
per foot. This well is located on the bluff east of Las Cruces, out
of the valley, in sediments of the Santa Fe formation. The value
of the coefficient of transmissibility determined from this well is
possibly higher than the average for the bordering mesas.
The following table summarizes the figures of the coefficient of
transmissibility determined from pumping tests on the wells.
Coefficients of transmissibility determined from pumping tests on wells in the Rincon
and Mesilla Valleys
Well location
number

Name of owner

17.4.31.111 Jen Luchini
19.3.4.331 J. S. Thurman
23. IE. 13.244 A. T. & S. F. Ry.
23. 2E. 29. 143 New Mexico College of A.& M. A.

Specific Coefficient
of
Discharge Drawdown capacity
(gpm transmissibility
(ft)
(gpm)
per ft) (gpd per ft)

1.000
660
64
1,270

14
9
4
13

71
73
16
98

167,000
136,000
91,000
116,000

23
9
12

11
78
21

13,000
298,000
73.000

Above valley floor
17.5.14.212 A. J. Osborn
17.5.26.242 Lloyd Welch
23. 2E. 8. 434 Zity of Las Cruces

250
700
250

WATER-TABLE GRADIENTS AND FLOW OF DRAINS

The coefficient of transmissibility was determined also by correlation of the slopes of the water table to a few drains and the
flow of the drains, in order to have an independent check upon the
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coefficients of transmissibility determined from the pumping tests
on wells.
Two lines of auger holes were installed in February 1947 across
the Park Drain, along Holt and Seale roads about 5 miles south of
Las Cruces, extending about 1, 800 feet to 2,900 feet from both
sides of the drain. Water-level measurements were made at intervals of 2 weeks in the auger holes and the gain in flow of the
drain between the 2 hole lines was measured every month by
Mr. Williams or Mr. Carbine of the U. S. Bureau of Reclamation.
Values of the coefficient of transmissibility were determined every
month by using the gradient of the water table determined from the
measurements made on the auger holes within a few days of the
measurement of the gain in flow of the drain in that section. If
conditions were ideal, that is, if equilibrium of the water table
and the drain were established and all measurements were accurate,
it would be expected that the coefficient of transmissibility determined every month would be the same. However, application of
irrigation water to the lands during the growing season results in
an unstable condition not only between the water table and the drain
but of the water table at the points of observation. The result is a
range of figures for the coefficient of transmissibility determined
every month. An average of the figures for 12 months, a full cycle,
is expected to approach the true magnitude of the coefficient of
transmissibility. The figures are given in the following table along
with the water-table gradients on each side of the drain and the
gain in flow of the drain between the 2 hole lines, which has been
converted to accretion per mile as the 2 hole lines are 6, 800 feet
apart. Also, as the southern auger hole line is not perpendicular
to the drain, the gradients on this line have been multiplied by
1.765 to convert the figures to a gradient perpendicular to the
drain. The elevations of the water level are in feet above the
3, 800-foot level of the U. S. Bureau of Reclamation datum. The
hole numbers indicate the distances of the auger holes from the
drain, in feet. The slope of the water table to the drain for several
months is given in figure 14. The magnitudes of the coefficient of
transmissibility obtained for each month ranged from 52, 500 to
116, 000 with an average of 76, 000 gpd per foot.
The U. S. Bureau of Reclamation at various times has made
studies of the drainage conditions in local areas. The studies included establishment of lines of auger holes across certain stretches
of the drains. These studies were made a number of years ago,
and not all the data are available. Measurements of water-table
elevations in holes as shown on water-table profiles across 6
drains were complete enough to be of some use in determining the
coefficient of transmissibilities. The location of some of the auger-
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Apr.

May 23

June

3

4

5

1948
2

Jan.

Feb.

10

11

16.57
13.07
16. 13(?)
12.28

15.86
12.27
15.68
11.95
17.11
12.77
17.63
13.93
17.92
14.30
19.20
15.48
18.86
16.40
17.72
114. 80
17.17
14.06

15.28
10.89
15.03
10.54

14.83
10.47
14.75
10.35
15.36
11.19
15.73
11.57
15.84
11.86
16.55
12.50
16.43
12.61
15.89
11.58
15.71
11.30

Elevation of
water table
(feet above datum)

Holes
N358W
and
S441W

.00091
.00155
.00077
. 00124

0.00072
.00128
. 00065
.00114
.00123
.00112
. 00133
.00168
. 00146
. 00174
.00186
.00212
.00171
. 00270
.00128
. 00230
.00116
. 00197

Gradient
to
drain

Average..........................................................»
1 Estimated.

13

Oct. 24

Nov. 21

8

Sept. 12

7

9

Aug.

6

1

19

11

Mar. 14

14

Feb.

2

1947

Date

1

No. of
computation

Holes
N1783W
and
S2916W

Holes west of the drain
Holes
N557E
and
S565E

17.53
11.38
17.09
10.85

17.07
10.89
16.82
10.61
17.69
12.08
18.16
13.95
18.34
14.71
19.90
14.60
19.47
13.92
18.67
12.25
18.17
12. 85(?)
,

15.85
10.64
15.58
10.28

15.39
10.20
15.28
10.10
16.18
10.81
16.46
11.74
16.69
12.07
17.66
12.53
16.39
12.19
16.73
11.18
16.28
10.96

Elevation of
water table
(feet above datum)

Holes
N2817E
and
S2335E

.00075
. 00074
.00067
.00057

0.00075
. 00069
. 00069
.00051
.00067
.00126
.00076
.00220
.00074
. 00263
. 00100
. 00206
.00138
.00173
. 00087
.00107
. 00084
. 00188

Gradient
to
drain

Holes east of the drain

Water-table gradient to drain and date of measurements

.00162

.00198

.00292

.00276

. 00376

.00372

. 00328

. 00299

. 00214

. 00149

0.00172

Double
average
gradient

Feb. 16
0.77

1.65
Apr. 15
2.04
May 20
1.96
June 23
1.66
July 28
2.66
Sept. 9
2.71
Oct. 23
1.89
Nov. 24
2.09
Dec. 26
1.10

Feb. 18
0.74

1947

Accretion
to drain
(cfs per mile)
and
date

Seale roads across Park Drain, about 3 miles south of Mesilla Park
[Gradients on south line have been corrected by multiplying by 1. 765 to correct gradient perpendicular to drain]

58,000
75.900

67,500

87,100

83,600

87,900

87,200

61,800

80,000

116,000

53.000

52,500

Computed
transverse
coefficient of
transmissibility
(gpd per ft)

Computation of coefficients of transmissibility determined from gain in flow of Park Drain and water-table gradients on 2 auger hole lines along Holt and
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hole lines along the drains was not given. Some profile shad only
a few holes, whereas others had as many as 18 across the drain
in question. The gain in flow of the drain was no-t given in any
case. To determine the water-table gradients the change in water
level in a distance on each side of a drain on each auger-hole line
was noted. All the gradients for the cross sections of a particular
drain were then averaged and doubled. The average gain in flow
of the drain through the section of the auger-hole lines was assumed to be equal to the average accretion of the drain as a whole
for the particular month. The coefficients of transmissibility so
obtained are of course subject to many errors but should show the
magnitudes to be expected.
By using water-table gradients obtained from 4 auger-hole lines
across the Rincon Drain, covering a distance of 4, 430 feet along
the drain, for an unknown month in 1926 and the mean accretion
per mile for the total length of the drain for 1926, a mean coefficient of transmissibility of 96, 000 gpd per foot was obtained. The
coefficient of transmissibility determined from using the month
having the minimum accretion to the drain was 64, 000 and that for
the month having the maximum accretion was 134, 000.
Water-table gradients were available for 18 auger-hole lines,
established in July 1930, that extended eastward from the drain to
the river along nearly the entire length of the Picacho Drain,
Gradients to the west of the drain were not given but as the drain
is mainly a riverside drain and probably receives most of its seepage from the river to the east, the gradients on the west side were
assumed as being 0. 4 of those on the east side. By using the average accretion per mile of the drain for its total length for July
1930, a coefficient of transmissibility of 77,000 gpd per foot was
obtained.
The average of water-table gradients for May and August 1927
was obtained on nine auger-hole lines extending on both sides of the
West Drain. By using the average accretion of the West Drain for
its total length, for the months May through August 1927, a coefficient of transmissibility of 135, 000 gpd per foot was obtained.
Water-table gradients for July 1930 were obtained for 9 augerhole lines across the lower portion of the Del Rio Drain near
Mesquite, 6 lines of which extended on both sides of the drain.
By using the average gain in flow of the Del Rio Drain for its full
length for July 1930, 2. 8 cfs per mile, a coefficient of transmissibility of 60, 000 gpd per foot was obtained.
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The total length of the Del Rio Drain includes about 11 miles of
the Park Drain, an interior drain. The average gain in flow of the
Park Drain is undoubtedly less than that of the Del Rio Drain,
which parallels the river. If it is assumed that the accretion of
the Park Drain is about the same as that of the MesillaDrain, also an interior drain, which for July 1930 was 0.8 cfs per mile,
then a correction of 9 cfs is to be subtracted from the flow of the
Del Rio Drain. The flow of the Del Rio Drain is then about 81 cfs
for 27 miles or a gain in flow of about 3. 0 cfs per mile. The coefficient of transmissibility, using this value of the accretion, is
64,000 gpd per foot, not essentially different from the 60,000
obtained above.
Water-table gradients were obtained for July 1930 for 7 augerhole lines along the Mesquite Drain extending west from the drain,
north of the town of Mesquite. Gradients east of the drain were
estimated and the average gain in flow per mile of the East Drain,
into which the Mesquite Drain empties, for the month of July 1930
was used. The coefficient of transmissibility so obtained was
47, 000 gpd per foot, which is not reliable because of the large
number of assumptions used.
Water-table gradients were obtained for July 1930 for 11 augerhole lines that extended west toward the river along the lower 2^
miles of the Anthony Drain. Gradients east of the drain were estimated and the average gain in flow of the drain for its full length
for the month of July 1930 was used. The value of the coefficient
of transmissibility obtained was about 54, 000 gpd per foot.
The coefficients of transmissibility obtained from the profiles
are given in the following table. Part of the variance in the coefficients is due to assuming that the water-table gradients obtained
were representative of the drain as a whole or that the average
accretion for the drain as a whole was equal to that through the
stretch covered by the auger-hole lines; in a few cases it is due to
estimation of the gradients on one side of the drain. As these
drains are in widely separated parts of the valleys, a range in
values of the coefficient of transmissibility is to be expected from
the nature of the sediments.
The coefficients of transmissibility obtained by correlation of
water-table gradients to several drains with accretion to the drains
are somewhat less than those obtained from the pumping tests. This
may be caused by the stratification of the sediments, which would
reduce the depth of the effect of the drains. Because the coefficient
of transmissibility is the product of the thickness of the aquifer and
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Coefficients of transmissibility determined front auger-hole profiles across various
drains in the Rincon and Mesilla Valleys
Length of
Drain

West..............

drain
(miles)l

section
(miles)

Doub.le
average
gradient

Coefficient of
Accretion to drain transmissibility
(cfs per mile)
(gpd per ft)

6.5

0.8

0.0022

1.75

96,000

7.3

5.3

.0030

1.90

77,000

2.1

135,000

28.3

2

.0019

237.7

3

.0057

2.8

60,000

«22.8

2.5

.0031

31.2

47,000

7.9

2.5

.0025

1.1

54,000

........................................................................................... 78,000
Length at time of measurement of water-table profile.
Includes Park Drain, an interior drain,
3East and Mesquite Drains.

the permeability of the aquifer, the resulting value obtained from
the drains might be expected to be lower than that obtained from
wells. Also, the coefficient of transmissibility obtained from the
drains is a transverse transmissibility, across the valley, which
perhaps is less than the transmissibility along the valley.
It seems probable that the average coefficient of transmissibility
for the alluvial valley fill as a whole can be taken as 75,000 gpd
per foot. On the basis of the poor performance of wells on the
higher lands bordering the valley as compared with those in the
valley and pumping tests on wells in the Santa Fe formation in this
and other areas, it appears that the coefficient of transmissibility
of the higher lands bordering the valley is less than half that of the
alluvium in the valley and probably does not exceed 30,000.

SPECIFIC YIELD

The specific yield of an aquifer, defined on page 90, is a measure of the ability of the aquifer to release water to wells under the
action of gravity and is difficult to determine either in the field or
in the laboratory. Determination depends upon many factors that
cannot be readily evaluated. The percentage of water in an aquifer
that can be drained by gravity depends not upon the amount of pore
space but upon the size of the connecting pore spaces. Also, the
amount of water drained is dependent upon the length of time drainage takes place. In well-sorted sands the porosity is fairly large,
possibly approaching 50 percent, and a large percentage of the
available water would drain out, under the force of gravity, in a
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short time. However, it is problematical when complete drainage
would take place probably a matter of years. The longer drainage takes place, the greater the volume of water recovered from
a given volume of an aquifer. Owing to the effect of capillarity,
a lowering of the water table by a short period of pumping represents less extraction of water from the sediments than would
occur from an equal lowering of water level by a long period of
pumping.
In well-sorted gravels, which have a porosity about equal to
that of sand, the percentage of water draining out in a short time
would be larger than for sand. Clays in general have a high porosity but because of the small size of the grains and pores the capillary forces are large and the amount of water that will drain by
gravity may be negligible.
The alluvial fill of the Mesilla and Rincon Valleys is variable
and consists of mixtures of sand, gravel, silt, and sandy clay,
as well as some lenses of well-sorted gravel or sand. The specific
yield of such sediments also would be variable.
The specific yield of eight various sands tested by Hazen
(Meinzer, 1923, p. 54) ranged from 23 to 37 percent. The specific
yield for 36 samples from the fill of major stream valleys of San
Diego County, Calif., was estimated by Lee (Meinzer, 1923, p.
60) as between 33 to 37 percent by volume, with a practical value
of between 20 and 25 percent.
Probably a specific yield of about 25 percent would bean average
for the valley fill as a whole in the Rincon and Mesilla Valleys.
GROUND-WATER DEVELOPMENT
PREVIOUS DEVELOPMENT

Pumping of ground water from wells for irrigation in the Mesilla
Valley is not new but, as indicated by Follett, was practiced as
long ago as about 1896 by a man named Schiller, who irrigated
about 800 acres that had been formerly served by the Dona Ana
ditch (National Resources Committee, 1938, v. 1, p. 312).
The variable nature of the flow of the Rio Grande in the years
prior to construction of Elephant Butte Dam caused much crop
loss and induced a number of farmers to. ins tall irrigation wells in
order to have a dependable water supply. Slichter (1905, p. 5173) gave data on 10 irrigation wells in 1904 in the vicinity of Las
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Cruces and Mesilla Park and 3 near Berino. The construction of
the wells and the pumping equipment ranged from poor to good.
All pumps but 1 were of the horizontal centrifugal type, set in open
pits about at the water level. The diameters of the wells ranged
from 5 5/8 inches to 12 inches, only 2 being more than 10 inches,
The wells ranged from 48 to 75 feet in depth and had from 8 to 18
feet of strainer in the bottoms. The measured discharge of the
wells ranged from 131 to 1,000 gpm with specific capacities of
about 6 to 88 gpm per foot of drawdown. The first irrigation wells
were the 2 of the Agricultural College at Mesilla Park (Slichter,
1905, p. 22). These 2 wells were each 48 feet in depth, of good
construction, and equipped with good motors and pumps. The 6inch well produced 800 gpm and the 12-inch well 1,000 gpm, the
latter with a specific capacity of 88 gpm per foot of drawdown.
Lee (1907, p. 41-47) gave data on additional wells in the Mesilla
Valley. Nine of these wells, ranging in depth from 51 to 197 feet,
were of moderate to large capacity and discharged from 130 to
1,500 gpm.
A 12-inch well of the Agricultural College located on the Horticultural farm near Mesilla Park was drilled in 1905 to 62 feet and an
18 foot strainer was placed in the bottom. The pump discharged
1,000 gallons a minute. This well eventually filled with sand and
was replaced by a new well, Horticulture well 2, about 75 feet to
the southwest. This newer well was not successful as the maximum
discharge was only about 250 gpm. In 1935 another well, Horticulture well 3, was drilled about 2 feet from the original location
of Horticulture well 1. Well 3 was successful and discharged about
1,100 gpm (New Mexico Agr. Exper. Sta. 1934-35, p. 53-38).
However, this well also gradually filled with sand until by November
1946 the sustained discharge was only about 250 gpm.
The 6-inch well of the Agricultural College, described above,
known as Irrigation Department Well 1, was replaced about 1915
by a new well, Irrigation Department Well 2, about 40 feet west of
well 1. Well 2, 12 inches in diameter below the pit and only 43
feet deep, discharged 1,400 gpm. Well 2 also filled with sand and
was in turn replaced in 1935 by Irrigation Department Well 3,
about 35 feet north of well 1. Well 3 initially was a poor well but
after about 2 weeks of development of the well its discharge increased to a maximum of 1,625 gpm. This well is still in use at
the present time, and a pumping test of it is described in another
section of this report.
An irrigation well of the old Shalam Colony is described by Lee
(1907, p. 45). This well consisted of a circular pit 18 feet in
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diameter to a depth of 30 feet, with the sides and bottom cemented.
Five wells were drilled in the bottom of the pit, of which 3 were
6 inches in diameter and drilled to a depth of 90 feet, 1 was 12
inches in diameter, drilled to 90 feet, and the other was 6 inches
in diameter, drilled to 197 feet. The pump discharged 1, 500 gpm
with a drawdown in the pit of 18 feet. This well, now owned by
Rudolf Garcia, is still in existence. In November 1947 a turbine
pump was installed and reportedly pumped 1,000 gpm with a drawdown of 16 feet. The well is in the northwest corner of the NE^/4
sec. 21, T. 22 S., R. IE., about 400 feet west of U. S. Highway
85.
A well, known as the Mesa Pumping Plant, was drilled about
1908 at the Agricultural College, on the low bench on the east side
of the river. A concrete-lined circular pit was dug to water at 70
feet and a 12-inch hole sunk an additional 31 feet, which penetrated
fine gravel for 12 feet and below this very fine sand. A 20-foot
strainer was inserted into the bottom of the well. The discharge
of the well was 354 gpm with an estimated specific capacity of
about 16 gpm per foot of drawdown, as computed from the water
horsepower reported (Fleming and Stoneking, 1909, p. 31. 32).
This well is still in existence and because of its relatively poor
water, as compared to that from the newer college wells, is used
primarily for filling the swimming pool at the college.
Many of these older wells were of small capacity. However, the
type of pumps and motors, the comparatively shallow depths, and
the small length of strainer in many of the wells suggest that the
small discharges were due principally to the well construction and
equipment rather than to formations with low permeability. Many
of the wells when pumped tended to fill with running sand.
PRESENT DEVELOPMENT
DOMESTIC SUPPLIES

The principal use of ground water in the Rincon and Mesilla
Valleys at the present is for domestic purposes. The entire
population of the area depends upon ground water for domestic
supply, nearly all of which is obtained from wells drilled in the
valley fill.
The city of Las Cruces obtains water for the municipal supply
from 6 wells drilled upon the edge of the mesa east of the city. The
production of these wells, when pumped individually, ranges from
about 200 to about 300 gpm per well. All 6 wells are located close
to a 2,885,000-gallon reservoir. Because of the close spacing of
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the wells, which results in mutual interference of the pumping
effects, the total output with all 6 pumps operating is estimated
to be not more than 1,200 gpm or 1,728,000 gpd. Before the
addition of the last 2 wells in 1947, the consumption of water during
the summer was such that the 4 wells were operated continuously
during the day and 3 during the night. The maximum daily consumption in 1946 and 1947 is therefore estimated to have been
about 1, 000, 000 gallons, and the annual pumpage about 300, 000, 000
gallons.
The village of Hatch obtains its water supply from a group of
springs about 8 miles southwest of the town, in Spring Canyon
Arroyo. The town has a well, for emergency use, drilled near the
river levee. The maximum water consumption of the town is reported to be about 45, 000 gallons a day, with an average of about
500, 000 gallons a month.
Mesilla Park is furnished water by a privately-owned system
consisting of 4 wells. The daily consumption is estimated by
Mr. Archer, the owner, as about 10,000 gallons.
The New Mexico College of Agriculture and Mechanic Arts at
State College, east of Mesilla Park, obtains its water supply from
two wells drilled at the college above the level of the valley floor.
Another well is used for emergencies and for filling the swimming
pool. Anew well for domestic use, drilled in 1947, is not at present
equipped with a pump.
Residents of Rincon are furnished water by the Santa Fe Railway,
obtained from a well drilled on the south side of Rincon Arroyo,
about 3 miles northeast of Rincon. The discharge of the well is
estimated as 170 gpm on the basis of the rate of filling of the water
tank at Rincon. The daily use of water is about 67,000 gallons by
the railroad and about 5, 000 gallons by the town.
Residents of the valleys not served by one of the above domesticsupply systems generally obtain their domestic water from individual wells at their homes. These private wells range from shallow
dug or driven wells equipped with buckets or pitcher pumps to
jetted wells more than 300 feet in depth. Most of the jetted wells
have casing 3 inches in diameter, with no perforations and draw
their water from the lower end of the casing, which usually is set
at the top of a gravel or coarse sand deposit immediately below a
clay lens. The deeper wells generally have been drilled to seek
water of a better quality than that near the surface. Some wells
that were intended to be drilled to only shallow depths for good
water were reportedly drilled deeper before a coarse sand or
gravel deposit was encountered below a suitable clay lens. If
wells of this type end in fine sand, the sand may partly fill the
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casing when the well is pumped, resulting in reduced yield. Many
of the domestic wells are equipped with small automatic pressure
pumps.
IRRIGATION SUPPLIES

Development of irrigation wells was quite rapid in 1947 and 1948
as a result of the anticipated shortage of surface water. At the
end of 1946 about 11 irrigation wells were in operation in the Rincon
and Mesilla Valleys, 5 of which had been in operation for a number
of years. By the end of 1947 about 45 additional wells has been
drilled for irrigation and other wells were in the process of being
drilled. However, not all the new wells were equipped with pumps
and a few, undoubtedly, will prove unsuccessful. About 70 wells
drilled in the Mesilla and Rincon Valleys by February 1948 apparently had or would have sufficient water for irrigation.
Twelve of the irrigation wells drilled and equipped with pumps
by the end of 1947 are on the side slopes of the valleys, above the
level of the valley floor and present canal system. Eleven of these
wells of which 9 were drilled in 1946 and 1947, are in the Rincon
Valley, and the other 2 are in Mesilla Valley.
Owing to the anticipated shortage of surface water in 1948, normal
winter releases of surface water were suspended from the end of
the growing season in 1947 to the beginning of the growing season
in 1948. No surface water was to be delivered in 1948 to lands
classified as suspended, and only 2 acre-feet per acre was to be
allowed initially on the classified lands. Because of these waterconservation measures, many irrigation wells were drilled to
serve tracts of land devoted to truck crops that require winter
irrigation and to tracts classified as suspended. However, irrigation wells have been drilled also on SCC classified lands (p. 18)
as a crop-insurance measure in the event of a shortage of surface
water.
PERFORMANCE OF EXISTING WELLS

The discharge of a well, other things being equal, is dependent
upon the size and condition of the pump and its speed, which in
turn is dependent upon the amount of power available. A pump discharging only a few gallons a minute does not in itself indicate
whether the well is a poor well or a good well. In order to make a
comparison between wells the specific capacities are usually given,
expressed in gallons a minute per foot of drawdown. For a particular well this value is generally regarded as nearly constant for
reasonable values of drawdown. For cased wells the specific
317E67 O - 55 - 8
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capacity depends to some extent upon the perforations in the casing.
If they become plugged or are insufficient in total area a low specific
capacity may be indicated even though the aquifer is highly
permeable.
The ultimate yield of and drawdown of water level in most of the
wells can be inferred from the hydrologic characteristics of the
aquifer, the coefficient of transmissibility, and the specific yield.
Based on results of pumping tests and correlation of drain flow
with ground-water gradients, the average coefficient of transmissibility for the Rinconand Mesilla Valleys is estimated to be 75, 000
gpd per foot. In other areas of New Mexico where irrigation from
wells is done successfully the average coefficient of transmissibility
ranges from about 50,000 to about 100,000. In addition to the
favorable coefficient of transmissibility, the water is quite shallow
under the valley floor of the Rincon and Mesilla Valleys as compared with depths to water of 30 to more than 100 feet in other
areas in New Mexico where ground water is pumped.
Reliable information on some of the present irrigation wells in
the Rincon and Mesilla Valleys is lacking, particularly of those
that had not been equipped with pumps by the time field work on
this investigation had ended. Of 9 wells in the Rincon Valley floor
equipped with pumps, the discharges, either measured or reported,
range from 250 to 1,000 gpm. The specific capacities of 5 of the
wells range from 57 to 96 and average about 70 gpm per foot of
drawdown, values which indicate good irrigation wells.
In addition to the irrigation wells in the valley floor in the Rincon
Valley, about 15 wells have been drilled on the alluvial fans of the
arroyos west of the valley, 12 of which are equipped with pumps.
The discharges of 11 of these wells, either measured or reported,
range from 250 to 850 gpm and the specific capacities of 10 of them
range from 11 to 100 and average about 50 gpm per foot of drawdown.
Two wells above the valley floor in the Rincon Valley, drilled
by Mr. Osborn for irrigation, were unsuccessful. Well 16. 5. 25.
341, in the alluvial fan of Percha Creek, produced only about 125
gpm with a drawdown almost to the bottom of the well. Well
17. 5. 10.442, on top of the bluff of the Santa Fe formation overlooking Montoya Arroyo, obtained only a small quantity of water,
which was under sufficient pressure to rise to about 30 feet above
the adjacent arroyo bed.
In the Mesilla Valley, by the end of 1947, there were about 24
irrigation wells on the valley floor and 2 on the alluvial slopes
above the valley floor that were equipped with pumps. Also completed were 4 wells on the valley floor and 3 above the valley
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floor that were drilled for irrigation but not equipped with pumps.
In addition, there were other wells in the process of being drilled.
Only 4 of these 33 wells were in existence prior to 1947, and 1 of
the new wells, on the horticultural farm of the State College, is a
replacement of a previous irrigation Well.
As most of the irrigation wells in the Mesilla Valley are quite
recent, their performance characteristics are not generally known.
This is especially true of the drawdown of the water level when the
wells are being pumped. The reported discharge from 16 of the
wells on the valley floor range from about 600 to more than 2, 000
gpm, with reported specific capacities for 8 of the wells ranging
from less than 20 to about 60 gpm per foot of drawdown. The discharge measured for 2 wells were 1,100 and 1,270 gpm, with
specific capacities of about 25 and 97.
As tractors furnish power for many of the wells at the present
time, it is probable that the pumps are not being operated at
capacity. Continued use of the wells generally results in an increase,d capacity as the fine sand from the formation around the
well is removed. Running sand tends to fill the wells and causes
the ground surface to cave. In order to keep the sand from filling
the wells, constant pumping of the wells during development should
be continued as long as the water contains sand. In addition to this
trouble with sand, the inadequate perforations in some wells become plugged with fine gravel and sand.
The T. L. Simpson irrigation well furnishes an example of the
effect of sand running into a well and of inadequate or clogged perforations. The well was drilled to a depth of 80 feet and the lower
20 feet of the casing was perforated with a Mill's knife. Large
gravel was penetrated from 55 to 80 feet. Initially the pump discharged a maximum of about 800 gpm when the water level was
drawn to the bottom of the pump suction pipe at about 60 feet. After
cleaning out 10 feet of sand and gravel that had come into the well
and reperforating the casing, the discharge of the pump was increased to 1,200 gpm with a smaller drawdown.
In order to reduce caving of the ground surf ace around the well,
many wells are not drilled larger in diameter than the casing.
The annular space between the hole and the casing is then filled
with gravel, which fills the cavity that is formed by removal of the
sand when the well is pumped. So far as the long-term yield of
the well is concerned, gravel packing does not increase the discharge of the well. The ultimate production of a well is dependent
upon the permeability of the formation surrounding the well at a
distance and cannot be changed by the addition of the gravel.
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Packing together of the gravel and sand and filling of the perforations by the mixed gravel and sand may cause the permeability
around the well to be lower than that of the sand alone and may
actually decrease the discharge of the well at a given drawdown.
Wells that can be developed by removal of the sand without caving
of the ground surface and without the gravel will be as productive,
if not more so, than if gravel is used. If a large amount of gravel
is used, if the perforations of the casing remain open, and if the
porosity of the gravel is not reduced by the sand, the gravel serves
to enlarge the effective diameter of the well, decreasing friction
and consequently increasing its specific capacity. Gravel of a
single size has a high porosity and is to be preferred to gravel of
mixed sizes, which packs -tighter and results in a lower porosity.
Performances of the present irrigation wells indicate that successful wells can be obtained nearly everywhere on the valley
floor of the Rinconand Mesilla Valleys, provided that proper drilling and development methods are used to care for the large amounts
of fine running sand. Reports of drillers suggest that more fine
sand may be found in the lower part of the Mesilla Valley than in
the remainder of the valley. Wells in the Selden Canyon area of
the Rincon Valley and in the extreme upper part of the Mesilla
Valley will be near mountain masses which delimit the sediments
supplying water to the wells and result in comparatively large
drawdowns after a period of time.
Irrigation wells on the alluvial slopes above the valley floor
generally will be successful, although the capacity of most such
wells will be smaller than that of wells in the Quaternary alluvial
fill of the valley. Some attempts to obtain wells on the alluvial
slopes will fail because of the local predominance of clay and fine
sand mixed. Some difference is to be expected in the permeability
of the undisturbed Santa Fe formation that forms the bluff along the
valley and of the alluvial fans, slopes, and arroyo deposits formed
from the erosion of the Santa Fe formation. However, no definite
difference in the yield of wells drilled in these deposits has been
noticed, good and poor wells having been completed in both the undisturbed and the reworked deposits.
FUTURE DEVELOPMENT

The extent to which irrigation from wells will be practiced in
the future is dependent in large measure on whether surfacewater supplies for the project lands continue to be insufficient.
It is also dependent on whether farm prices conductive to development of new lands continue in effect. The present average farm
cash return is at an all-time high, with indications that favorable
conditions will continue for some time.
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Even if sufficient surface water becomes available for the project lands, including those classified as suspended, the incentive
for development of irrigation wells on high lands bordering the
valley will remain. The initial cost of such land is comparatively
small and its economic development probably can compete favorably with that of the project lands.
The acreage of land that can be irrigated by surface water in the
Rincon and Mesilla Valleys has reached the maximum possible,
being limited primarily by the amount of water available. In general
less than one-third of the suspended land has been given water each
year. It is supposed that in a dry year this part of the suspended
land, about 4, 600 acres in 1946, would not be allowed to have water.
Therefore in such a dry year, when even land having a full water
right might not have a full supply of water, there would be a tendency for farmers who have large tracts of suspended land to install pumps. This might also occur where an acreage of suspended
land is being farmed in conjunction with land having a water right.
A small tract of suspended land probably would not be irrigated in
a dry year as in general it would not be economically feasible to
install an irrigation well and pump on a tract of less than 20 acres.
If there happened to be a few such small tracts adjoining each other
it is possible that the owners might put down a cooperative well.
In 1946 there were 135 tracts of 20 acres or more of suspended
land of all classifications in the Rincon and Mesilla Valleys, including the Texas portion of Mesilla Valley, with a total area of
5, 822 acres, as given in the following table. This might be an
indication of the maximum area of suspended land upon which wells
would be drilled for irrigation. This area of 5, 822 acres is slightly
more than the 4, 606 acres of suspended land reportedly irrigated
with surface water in 1946, although not necessarily comprising
the same tracts of land. The suspended land irrigated in 1946 was
mainly land classified as seeped (waterlogged).
In addition to suspended land in the valleys that might be irrigated
with ground water, a large part of which is now irrigated by surface water, new land susceptible to ground-water irrigation is
available that is not now being farmed. This additional land is not
now being farmed. This additional land is not within the area served
by canals and some of it is located outside the boundaries of the
Elephant Butte Irrigation District. The results of a reconnaissance
survey by G. R. Chenot include the estimated maximum acreages
of land that might be susceptible to irrigation by water from wells.
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Rincon Valley....
Mesilla Valley...

No.
of
tracts

2
6

8

Acres

91
83

174

1
2

3

275

61
214

Acres

Sandy

No.
of
tracts

High

743
379

Acres

25 1,122

13
12

No.
of
tracts

Overflow

62

14
48

No.
of
tracts

2,839

925
1,914

Acres

Seeped

14

1
13

No.
of
tracts

460

24
436

Acres

Poor soil

Classification

6

3
3

No.
of
tracts

169

77
92

Acres

Rough

[From records of U. S. Bureau of Reclamation]

17

14
3

No.
of
tracts

783

620
163

Acres

Isolated

135

48
87

No.
of
tracts

5,822

2,541
3,281

Acres

Total

4,606

1,834
2,772

(acres)

Suspended
land,
irrigated

Tracts (20 acres or more) of land classified as suspended and irrigated suspended land in Rincon and Mesilla Valleys (including Texas portion), W46
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The acreages, given in the following table, have been divided into
areas inside and outside the boundary of the Elephant Butte Irrigation District.
Estimated acreage of new land inside and outside the boundaries of the Elephant Dutte
Irrigation District that might be susceptible to irrigation by ground water
Inside
(acres)
Mesilla Valley (N. Mex. )....................
Mesilla Valley (Tex. ).........................
Total..........................................

Outside
(acres)

Total
(acres)

900
2,000

4,700
4,700
900

5.600
6,700
900

2,900

10,300

13,200

The area in the Rincon Valley susceptible to ground-water irrigation was determined by sketching, in the field, the lands that
were fairly smooth, not cut by large arroyos, not too rocky, and
with gentle slopes. The valley sheets of the Bureau of Reclamation,
to the scale of 1 inch to 2, 000 feet, were used as a base for sketching. None of these lands were on the higher mesa land; practically
all were in arroyo deposits.
The area of land in the Mesilla Valley susceptible to groundwater irrigation was sketched upon the standard U. S. Geological
Survey topographic maps, which had a scale of 1:62, 500, about 1
inch to the mile, with a contour interval of 25 feet. The lands were
limited to those having an altitude of not more than 100 feet above
the river. Lands included were those with gentle slopes that were
fairly smooth, not too rocky, and not cut by large arroyos. Most
of the favorable land was located on the east side of the river on
the low benches and below the upper mesa surface.
These acreages of land suitable for ground-water irrigation are
gross or maximum figures and would be reduced by the areas
needed for roads and other improvements, areas having land not
suitable for farming, and areas in which successful wells could
not be obtained. Some areas of rough lands or lands having a large
slope probably could be leveled and terraced with the large earthmoving machinery now available.
It seems probable that about 15, 000 acres of suspended and new
land might eventually be irrigated with ground water, provided
that conditions remain favorable for such development. If. such
development occurred, the minimum amount of water consumed
annually on these lands would be about 38, 000 acre-feet, on the
basis of 2. 5 acre-feet per acre. As a large part of these lands is
on the higher ground along the edges of the valley, only a part of
this water at the outset would be diverted from the drains or the
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river. However, as all the ground water in the valleys and mesas
is connected with and contributes to the flow of the drains, any
pumping must eventually mean a decrease in drain flow, in the
long run equal to the amount that had been pumped, less any return
of irrigation water and any small amount saved by reduction of
evapotranspiration losses.
PUMPING OF GROUND WATER
GENERAL CONDITIONS

Pumping a well re suits at first in lowering the water level in the
well and in the aquifer immediately surrounding the well, forming
the so-called cone of depression in the water table. The rate of
lowering of the water level is initially rapid but gradually slackens
as time goes on. The drawdown at any particular time is dependent
upon the rate and length of pumping and the hydrologic characteristics of the aquifer. In time, lowering of the water level occurs
at greater and greater distances from the pumped well, the area
affected continually expanding but at a diminishing rate. Stability
of the cone of depression is not attained, until an area of rejected
recharge or an area of ground-water discharge is reached.
In many localities, areas of rejected recharge and ground-water
discharge either do not exist or are at such great distances that
water pumped must betaken from storage for years, with a consequent continual lowering of the water table. All water pumped from
wells is balanced by a loss of water somewhere in the groundwater system, commonly from the amount stored underground or
from the amount seeping out of the aquifer; often in humid regions,
but less commonly in arid regions, the ground-water pumpage is
compensated for by a reduction in the discharge to streams in recharge areas (rejected recharge) that occurs because the aquifer
is full.
Areas of ground-water discharge in the Rincon and Mesilla
Valleys are the drainage ditches, where lowering of the water
table would result in a decrease in the accretion of the drains, and
the relatively small areas of waterlogged (seeped) land where a
lowering of the water table would decrease the evaporation and
transpiration of the ground water. Also, in sections of the river
where the river level is below the level of the ground water, a
lowering of the water table would result in a decrease of the accretion to the river, such as would occur with a drain.
Areas of rejected recharge are sections of the river where the
water level in the river is above and in direct contact with the
ground water. A lowering of the water table in such areas would
induce a larger amount of water to seep from the river.
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The increased seepage from the river to the aquifer and the decreased drain,flow and return seepage to the river that would result from the pumping would not make more water available to the
project as a whole but, instead, would divert to the pumps water
that would otherwise be available as surface supply lower down
the valley. However, any water saved by pumping that is now lost
by evapotranspiration in the waterlogged areas would result in an
actual increase in water supply for beneficial use in the project.
Unfortunately, the amount of water saved from transpiration would
be small, as only 5,135 acres within the boundaries of the Elephant
Butte Irrigation District in the Rinconand Mesilla Valleys in 1946
was classified as seeped. Part of this seeped land is already
farmed, and part of it is in areas distant from likely sites for wells,
or near the river or outlets of the drains, where a substantial
lowering of the water table would be unlikely. Transpiration by
plants in rights-of-way along the banks of canals, laterals, drains,
or the river could not be reduced significantly by a lowering of the
water table.
Additional suspended land classified as rough, sandhill, alkali,
poor-soil, isolated, and overflow totaling 5, 483 acres may have
sufficient native vegetation transpiring water, so that a lowering
of the water table would save water. However, of the 10,985 acres
of land classified as suspended, 4, 606 acres (mainly that classified as seeped), was farmed in 1946.
An indication as to the area of land from which water is transpired to such an extent that some might be saved by a lowering of
the water table can be gained from the tables on pages 19 and 20.
Areas in which a lowering of the water table would not result in a
reduction of transpiration, such as rights-of-way, cities, and
irrigated land, or areas in which a lowering of the water table is
not possible, such as the river bed between levees and river and
canal surfaces, are listed in the following classification. The area
for cities had been increased from 1,633 acres, shown for 1936,
to an estimated 2, 000 acres to take into account the growth of the
residential areas.
Classification of type oi area
Acres
Cities (1947 estimate).....................................,

Irrigated (1947)........ ......................................
Rights-of-way (1947)......................................

River bed, between levees (1947)......................
Total classified area...................................

Acres

2,000
101,700
8,300
6,700
11,200
129 900
............. 8,400
.............138,300
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The differe nee between the total valley area and the areas named,
that is,8, 400 acres, is presumably the maximum area under which
a lowering of the water table might effect a reduction in transpiration losses, provided that this area had native vegetation
dependent upon shallow ground water. There may be some duplication in the areas of "river and canal surfaces" and "river bed
between levees," but as some additional right-of-way areas have
not been determined the inconsistencies may be balanced. As not
all the area of 8, 400 acres would be located where the effects of
pumping would be appreciable and as not. all the transpiration from
favorably located areas could be stopped, probably a few thousand
acre-feet of ground water in the areas of transpiration could be
salvaged by lowering the water table.
The effect of continuous pumping upon the water table is shown
in the vicinity of Las Cruces by the displacement of the watertable contours around the city wells, the college wells, and to
some extent around the Country Club well. (See pi. 1.) These wells
are located on the higher lands east of the valley, in T. 23 S., R.
2 E. The Country Club well is the southeasternmost well shown
in sec. 6, the 6 city wells are in a small group in sees. 8 and 17,
and the 2 used college wells plus 2 unused new wells are in a small
cluster in sec. 29. The cone of depression shown by the contours
of the water table around the city wells is quite apparent and indicates a lowering of the water table of at least 10 feet and possibly
as much as 15 feet from the probable original level given by projected contours of the water table over the area affected. Small
cones of depression are indicated around the Country Club and
college wells, with a lowering of the water table of possibly 5 feet.

EFFECT OF PUMPING UPON FLOW OF DRAINS

The effect of pumping a well upon the flow of a drain or a river
that is in direct connection with the water table can be evaluated
theoretically with the aid of the following formula developed by
Theis (1941, p. 736).
'ir/2

in which
P= percentage of the pumped water taken from a river or a drain.
a = distance from well to river or drain, in feet.
S = specific yield.
T = coefficient of transmissibility.
t =time since well began pumping, in days.
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In the development of this equation a number of simplifying
assumptions were made. The aquifer is considered to be homogeneous and isotropic. The coefficient of transmissibility of the
aquifer is considered constant, which for thick alluvial aquifers
may be approximately true. The course of the river or drain is
idealized as a straight line. The ground water is assumed to be in
free communication with the stream or drain; that is, the stream
bed is not so heavily silted as to offer appreciably more resistance
to the movement of ground water than would normally occur in the
aquifer. This assumption may not be true for certain sections of
a river but would be true in the case of open drains. It is also
assumed that the stream or drain maintains a flow past the pumped
area and that the level of the water in the stream or drain is not
changed significantly because of the pumping.
It can be shown from the equation (Theis, 1941, p. 736) that
more than half the effect upon the stream or drain resulting from
the pumping of a well occurs between a point upstream from the
well at a distance equal to that of the well from the stream and a
point downstream the same distance. At greater distances up or
down the stream or drain the effects of the pump rapidly diminish.
Therefore, if the stream or drain retains an approximately straight
line past the pump for distances of more than twice that of the
pump from the stream or drain, the equation will give usable
results.
The results will be affected significantly if the lowering of the
water level from pumping reduces the amount of transpiration
from the aquifer or if the effects of the pumping reach the limits
of the aquifer. This last condition will occur in the Rincon Valley
from Hatch northward, where the valley is flanked on the east by
the Caballo Mountains, and in the Selden Canyon area where the
aquifer is shallow and .is flanked on the east and west by mountain
masses of the Sierra de las Uvas. The Mesilla Valley is flanked,
in general, by sediments having a lower coefficient of transmissibility than that of the valley deposits. When the effect of the pumping
reaches the limits of an aquifer or reaches an aquifer where the
coefficient of transmissibility is less than in the aquifer being
pumped, the rate of decline of the water level caused by the pumping
will increase.
The theoretical effect of a pumping well upon the flow of the
river or a, drain in the Rincon and Mesilla Valleys is shown on
figure 15, which has been computed from the formula by using the
average coefficient of transmissibility of 75,000 and a specific
yield of 25 percent for the Rincon and Mesilla Valleys. The percentage of the pumped water diverted by a single well from the flow
of a stream or drain is obtained from the graph by the value of the
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sloping line determined by the intersection of a horizontal line at
the distance of the well from the stream or a drain and a vertical
line at the time since pumping started. The residual effect of a
pumped well after pumping stops can be determined by the difference in effect caused by a well pumping continuously from the time
of start to the time in question and a recharge well pumping from
the time of actual stop to the time in question.
This diagram shows that if a well in the Rincon or Mesilla Valleys
were located a quarter of a mile from a drain the flow of the drain
would be reduced after 3 months of continuous pumping by 63 percent of the pumping rate, after 6 months by 73 percent of the
pumping rate, and after 1 year by 81 percent of the pumping rate.
After 6 months of continuous pumping the flow of a drain would be
reduced by 88 percent of the pumping rate for a well located an
eighth of a mile from the drain, 73 percent for a well located a
quarter of a mile from the drain, 50 percent by a well located half
a mile from a drain, and 18 percent by a well located 1 mile from
a drain. Within 12 days 50 percent of the water pumped by a well
located an eighth of a mile from a drain would be diverted from the
drain/but it would take about 2 years for a well located 1 mile
from a drain to have the same effect. If a well located a quarter
of a mile from a drain were pumped for 6 months and then stopped,
the drain would still be losing water 1 year after the start of
pumping, or its accretion would be reduced, at 8 percent of the
pumping rate.
As evident from the formula and the graph, if the distance from
the well to a drain is doubled the time necessary for the same
effect upon the drain is four times as long; that is, for the same
effect, the time varies as the square of the distance.
The effect of pumping upon the flow of a stream or a drain, in
which the water is in free communication with the ground water,
will be evidenced initially either by a decrease in the accretion of
ground water by a gaining stream or drain, or by an increase in
the rate of loss of water from a losing stream or drain. With
continued pumping, in the case of a gaining drain or stream, the
gradient of the water table would be reversed and the drain or
stream would lose water in the section affected and finally in either
case, if the pumping rate were great enough, the stream or drain
would be dried in that section.
In order to dry the drains, the pumping effect per mile of drain
must be at least equal to the accretion of the drain per mile. The
average drainflow accretion under the present conditions of an
average surface supply of water is about 0. 8 cfs per mile in the
late winter months, increasing to almost 2 cfs per mile in the late
summer, with a maximum range from about 0. 5 to 2. 5 cfs per.
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mile based upon the total lengths of the drains. Certain stretches
will probably show greater or less accretion than this. Wells
placed a quarter of a mile from a drain at 1-mile intervals, each
pumping continuously at the rate of 3 cfs, theoretically would dry
a drain in the summer under the present conditions of drain flow
after about 4 months of pumping. In a year with less than the
average supply of surface water, the flow of the drains would be
less than normal and the amount of pumping required to dry the
drains would be less.
The theoretical effect of the pumping of a well upon the flow of
a drain is possibly somewhat greater than would actually occur at
any particular time because of clay layers that extend under the
drains, which might introduce a lag in the effects of pumping from
wells that extend below the clay layers.
If a well were located between drains or between a drain and the
river, the total depletion of their flow after any given period of
pumping from the well would be greater than if only one drain were
involved. As the ultimate effect is the same, locating a well between
drains only speeds up the effect of the pumping. This accelerated
effect of the pumping probably would offset the possible lag caused
by the stratification of the aquifer.
The maximum practical distance that a well can be located from
a drain or the river in the Rincon and Mesilla Valleys is about a
mile because of the narrowness of the valleys and the numerous
drains. At the northern end of the Rincon Valley in the vicinity of
Arrey, where there are no drains, a well on the valley floor could
be as far as a mile from the river. Also, near Salem the maximum
distance from a drain that a well on the valley floor could be located
is about a mile. In the remainder of the Rincon Valley the maximum
distance from either the river or a drain is less than a mile, in
general being closer to half a mile, and fora large number of wells
the average distance probably would be between a quarter and half
a mile. In some areas it would be necessary to locate a well near
a canal in order to be at a maximum distance from the river or a
drain.
In the Mesilla Valley, where drains are more numerous than in
the Rincon Valley, practically the only area where wells on the
valley floor could be more than a mile from the river or a drain is
in Las Cruces. The maze of drains in the rest of the valley precludes locating a well much more than half a mile from the river
or a drain and then the well might be near a canal. Also, in most
of the valley a well'would be situated between two drains or a drain
and the river, which would increase the total effect of pumping at
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any particular time over that upon one drain. For a number of
wells the average distance to the river or a drain probably would
be between a quarter and half a mile, and many of the wells would
be between two drains or between a drain and the river.
As the flow of the drains is derived principally from return
seepage from irrigated lands and from canals and as interception
of this seepage by a well results in a decrease in flow of the drains
such interception does not reduce the ultimate effect of the pumping
upon the flow of the drain.
SUPPLEMENTAL PUMPING OF GROUND WATER IN A DROUGHT PERIOD

Under the present conditions in the Rincon and Mesilla Valleys
the surface and ground waters are in approximate equilibrium.
The surface water is diverted throughout the year to the canals
and irrigated land and a certain percentage that is not lost by
evaporation and transpiration seeps underground and returns to
the river directly or by drain flow for reuse in the next lower
irrigation division. The drain flow, as stated before, is composed
almost entirely of return diversions and seepage of river water
but it contains a small amount of ground-water flow from the side
mesas. The drain flow is not waste water insofar as the next lower
irrigation unit is concerned but instead is counted upon as a part
of the water supply of the project. Thus, no water is wasted in
the project except by transpiration and evaporation the total
amount of which is increased if water is used carelessly and for
the small quantity that bypasses the lower unit, especially during
the winter.
Pumping of ground water for supplemental use does not represent
an additional supply or new source of water but rather a change in
in method, time and place of diversion of available supplies.
The pumping effect of one well upon a drain has been discussed
in another paragraph. The remaining water pumped that is not
diverted from the drains or the river or saved from evapotranspiration at any particular time is taken from storage. As seen
from the graph, figure 15, the percentage of water taken from
storage in the case of a single well pumping for 6 months at a
distance of a quarter of a mile from a drain is only about 27 percent. Thus on a short-term basis of 1 year, only about a quarter
of the water pumped is taken from storage and represents water
not otherwise available during that year.
Thus, on a year-to-year basis, the net gain of water to the
district is that quantity of water pumped in excess of the decrease
in normal drain flow caused by the pumping. This net gain of water
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is water taken mainly from storage, that is, borrowed from the
ground-water supply. This borrowed water must be replaced in
future years if the flow of the drains is to return to normal.
If in future years no excess surface water is available to the
project to raise the ground-water level to the nonpumping stage,
then pumping must be continued, even in a year of normal water
supply, unless the pumped water is used more efficiently than
surface water, in which case the total amount needed would be
less and the debt to ground-water storage could gradually be
reduced.
The economy of a supplemental pumping project in the Elephant
Butte Irrigation District depends upon the quantity of water that
must be pumped. This in-turn depends upon how the gravity water
in the Rio Grande project is distributed to the various valleys,
what economies could be effected in its distribution, and what
salvage of water would occur by reason of the lowered water table
in a dry year. The distribution Of surface water might be in proportion to the average diversions, or to the average river depletions. It might be assumed that pumping would be done in the El
Paso district also, which would save some water that would otherwise drain from the land, and thus provide more water for the
project; or it might be assumed that the El Paso district would not
install pumps also, in which case the Elephant Butte district might
be regarded as having an obligation not to interfere with the deliveries of water to the lower district. Some water would be saved
from evaporation by drying of the drains and by lowering of the
water table in waterlogged areas.
For the purpose of this study it is assumed that direct canal
waste would be largely eliminated throughout the project and that
the Elephant Butte district has no obligation to the lower district
to continue this direct loss. It is assumed also that an obligation
does exist to continue to deliver the average proportionate drain
flow, which is taken to be 40 percent of the gross diversions.
As stated on page 52, in a hypothetical year in which the surface supply of water available for diversions is only half the
average, it is believed that 2. 28 feet of water could be delivered
to the farms, or about 1 foot less than that needed for successful
irrigation of the crops. If the additional foot of water were supplied by pumping ground water into the canals, some loss of the
pumped water would occur, owing to waste and to seepage from the
canals. Owing to closer control of the pumps and to the shorter
distance that the pumped water would travel in the canals as compared with surface water, a wastage of 3 percent and a seepage loss
of It percent of the pumped water maybe assumed. This combined
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loss of about 20 percent is compared with a probable minimum of
30 percent for gravity water. Every additional acre-foot of pumped
water delivered to the farms, therefore, would necessitate pumping
about 1. 25 acre-feet.
However, pumping of wells would diminish the drain flow. This
decrease in drainflow presumably would necessitate a corresponding decrease in the allowable diversions for the Elephant Butte
Irrigation District.
The narrowness of the valleys and the large number of drains
preclude locating pumps very far from either the drains or the
river. If a large number of pumps were installed, as would be
necessary for a district pumping system, the average distance
from a drain would be about a quarter of a mile, and it is expected
that the drains would be dried during the first summer of pumping
if only a small gravity water supply were available. The amount
of the drain flow in an average year is about 42 percent of the gross
diversions. In a dry year, with less excess water applied to the
lands, the drain flow is expected to be less, probably about 40 percent of the diversions. In an assumed dry year when only 50 percent of a normal gravity-water supply were available, 3. 25 acrefeet per acre would be diverted in the Rincon and Mesilla Valleys,
of which40 percent would be returned to the system as drain flow,
leaving a total diversion used within these valleys of 1. 95 feet. If
a pumping system were installed and the drains were dried, presumably 1. 95 feet would be the justifiable diversion to these valleys.
It has been assumed that, in a dry year, 3. 3 acre-feet of water per
acre is needed for a full crop, that 30 percent of the surface water
diverted would be lost, largely by seepage from the canals, and
that about 20 percent of the pumped water would be lost by seepage
and waste from the canals. Therefore,
3. 3 « 1. 95 x 0. 7 + pumped water x 0. 8;
therefore,
pumped water = 2. 42 acre-feet per acre.
Thus, in order to make up the deficiency of 1 acre-foot per acre
that would result from gravity irrigation alone in the assumed dry
year, it would be necessary to pump about 2. 42 acre-feet per acre.
This is the minimum amount with judicious use of water. If canal
wastage w.ere higher and the water were inefficiently used on the
land this amount would not be sufficient.
As there are water rights for about 88, 000 acres of land in the
New Mexico part of the project, the total pumpage of water would
be about 213,000 acre-feet and the total surface water diverted
about 172, 000 acre-feet.
317267 O - 55 - 9
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The amount of water pumped from storage in the ground would
be the difference between the amount actually used by the crops,
assumed to be 2. 5 acre-feet per acre, and the amount diverted
from the river, 1.95 acre-feet per acre, plus evaporation and
waste from the canal. The latter has been estimated as 3 percent
of the pumped water or 0. 07 acre-foot per acre and 5 percent of
the gravity water or 0.10 acre-foot per acre, making the water
pumped from storage 0. 72 acre-foot per acre per year.
Viewed in another way, the amount of water pumped from ^storage
would equal the difference between the total water pumped and that
part of the pumped and surface water that would return to the water
table. This amount from storage, all quantities being given in
acre-feet per acre, would be: the total amount pumped, 2. 42, less
the pumped water lost by seepage from the canals, 17 percent
(see p. 122) or 0.41, less the gravity water lost by seepage from
the canals, 25 percent (see p. 52 ) of that diverted, 0.49, less the
difference between the water applied to the land, 3. 3, and the
consumptive use 2. 5, or 0. 8. The amount of water pumped from
storage in 1 year would therefore be 0. 72 acre-foot per acre irrigated, or 63, 360 acre-feet for the 88,000 acres in the Elephant
Butte Irrigation District. The amount of water returned underground by seepage from the canals and from the irrigated lands
would be 1. 70 acre-feet per acre or 39 percent of the total diversions and pumpage of about 4. 4 acre-feet per acre.
The period of drought during which supplemental pumped water
might be needed is, of course, a matter of conjecture. A short
period of pumping would be relatively costly. The flow of the Rio
Grande at San Marcial above Elephant Butte Dam, at the head of
the Rio Grande project, averaged only 697 cfs in the 5-year period
1898 to 1902, inclusive, 46 percent of the 52-year average of
1,530 cfs (International Boundary and Water Commission, 1946,
p. 4). During a period of drought the lake level at Elephant Butte
and Caballo Dams would be low and there would be less evaporation
loss than under average conditions. This reduced evaporation loss,
plus what water there was in storage at the beginning of the drought,
would temper the actual decrease in flow of the Rio Grande. Without extensive study it appears, therefore, that a 5-year drought
period in which only half the normal supply of water would be
available for diversions is about the longest that could reasonably
be expected.
If pumping were done for 5 such dry years the total pumpage
from storage would be about 316,800 acre-feet, neglecting water
saved from evaporation or transpiration, in waterlogged areas.
This amount of ground water would have to be replaced before the
flow of the drains would return to normal.
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As the drains would have been dried by the pumping, the diversions to the district in a year of average surface-water supply
following a period of 5 years of pumping possibly would be reduced
by the amount that the drains would normally flow, or 42 percent
of the diversions. The actual diversion would then be 6.5(0. 42 x 6. 5) = 3. 77 feet. This amount would make 2. 64 feet available for delivery to the farms, thus requiring additional pumping
of ground water to make up the difference to the 3. 3 feet believed
necessary for delivery to the farms. The amount of ground water
that would have to be pumped would be
3. 30 = 3. 77 x 0. 7 + pumped water x 0. 8;
therefore,
pumped water - 0. 83 acre-feet per acre.
The amount of water that would seep to the water table in this
year would equal the seepage losses of pumped, and surface water
from the canals plus the seepage return of excess water above the
consumptive use delivered to the farms, and would be
(0. 83x0. 17)+ (3. 77x0. 25) + (3. 30-2. 50)= 1. 88 acre-feet per acre.
The payment or reduction of the ground-water debt would be the
returnseepage in excess of thepumpage, or 1. 05 feet. The number
of years required, while pumping 0. 83 acre-foot per acre, to pay
off the debt would be 5 x 0. 72/1. 05 = 3. 4 years.
The available surface-water diversions without pumping in the
fourth year of average surface supply, following the assumed 5
years of pumping, would be less than the average by the amount of
water that would have to be bypassed to the lower district to make
up for the reduction in average drain flow resulting from the remaining effects of the pumping. The amount of bypassed water, x,
plus the actual drain flow, .7, must be equal to the average drain
return flow of 2.73 feet (0.42 x 6. 5) in a year of average diversions.
The actual drain return flow would be equal to 42 percent of the
actual diversions reduced by the remaining ground-water debt. The
remaining debt would be (5 x 0. 72) -(3x1. 05) = 0. 45 foot.
Therefore:
x + 7 - 2.73
and y - (6. 50 -x ) 0. 42 - 0. 45;
therefore:
x . 0. 78
and the actual diversion would be:
6. 50-0.78 = 5.72 feet.
The water schedule for the 5 ye'ars of about 50-percent average
surface supply followed by 5 years of average surface-water supply
is given in the following table:
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Comparison of irrigation water available as diversions to the canals of the Elephant
Butte Irrigation District, for 5 years of 50-percent average surface supply followed
by a period of average surface supply
[Acre-feet per acre]
With supplemental
pumping
Year of irrigation
Pumped
water

Surface
water

Without supplemental
pumping
Surface
water

1................. .......................
2................ ........................
3........................................
4........................................
5........................................
6........................................
7........................................
8........................................
9........................................
10................... .....................

2.42
2.42
2.42
2.42
2.42
.83
.83
.83
.00
.00

1.95
1.95
1.95
1.95
1.95
3.77
3.77
3.77
5.72
6.50

3.25
3.25
3.25
3.25
3.25
6.50
6.50
6.50
6.50
6.50

Total..............................

14.59

33.28

48.75

Little net water can be gained to the Rio Grande project as a
whole by pumping ground water in the Elephant Butte district, and
the total amount of water received by the Elephant Butte district
under a pumping system is practically no more than would be
obtained from surface supplies, if the customary interest of the
El Paso district is preserved. The reason for this is, of course,
that the drain water is used again in the project and the district
has been assumed to be responsible for any decrease of the flow
of the drains resulting from pumping.
The ground-water debt could be repaid by efficient use of water
in 4 years of average water supply. If water were wasted^it would
not be possible to repay the ground-water debt and pumping probably would have to be continued for years.
As indicated previously (p. 44), Rincon and Mesilla Valleys
customarily use about 46 percent of the total reservoir releases
in a year of average surface supply. In the assumed drought period
of 5 years the surface water available for diversions was considered
as 50 percent of the average. The average diversion to the El Paso
division has been 395,400 acre-feet, and therefore in such adry
year presumably 197, 700 acre-feet should be available for diversion to the El Paso Valley. The reservoir releases in a year
should be equal to the sum of all diversions minus the return drain
flow, disregarding any nonbeneficial evaporation and transpiration
losses and any undiverted water that might bypass the El Paso
Valley. As the return drain flow from the Rincon and Mesilla Valleys
would be zero if extensive pumping were done, the reservoir releases
would be 88, 000 x 1. 95 + 197, 700 - 369, 000 acre-feet. The depletion of reservoir releases by the Elephant Butte Irrigation District
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for any of the first 5 years of pumping is then 46 percent, which,
disregarding canal wastes, is the same reservoir depletion as in
an average year. In the sixth, seventh, and eighth years, the
drains still being dry, the depletion of reservoir releases would
be about 45 percent. This shows that the Rincon and Mesilla Valleys
would be getting their usual share of the reservoir releases.
In the analysis it was assumed that the drains would be dry during all the first year, whereas actually they would not be dry until
near the end of the first pumping season and a small amount of water might flow during the first winter. Therefore, during the first
summer it is probable that a smaller amount of water would need to
be pumped. Also, it has been assumed that all the ground water taken from storage would be derived from the lowering of the water
table under only the irrigated area of the valley. Actually, the effects of pumping would be somewhat smaller in the valley area, as
the cone of depression would extend away from the valley, under
the mesas. As the irrigation water is applied to lands near the
drains, it is possible that water in the drains would begin to flow
in the eighth year, or earlier, even though all the ground-water
debt had not been repaid. The district would benefit by this lag,
which would spread the repayment of the ground-water debt over
a longer period of time than was assumed. A small amount of the
pumped water probably would not be taken from storage but would
be salvaged from areas of transpiration by the lowering of the
water level. This salvaged water would be a net gain of usable
water and would reduce the calculated pumpage from storage.
Pumping of ground water in the valley by individual farmers
would, of course, have the same effect upon the flow of the drains
as would pumping by the Elephant Butte Irrigation District. And
water pumped onto the land from ground-water storage that does
not return to the ground-water body would be water lost to the
project, even though a gain of water might accrue to an individual
farm. It is probable that in a dry year enough farmers would install wells and pumps so that the flow of the drains would be reduced markedly or, in some sections, even be stopped entirely.
If in a dry year such a reduction of normal drain flow occurred
through installation of individual pumps, and if the El Paso division
received its accustomed share of the reservoir water, diversions
to the Elephant Butte Irrigation District would have to be reduced
by a like amount. Any such reduction in diversions would work a
hardship on the farmers who had not installed pumps, provided
that the available surface water was distributed equally. If it were
desired to maintain the delivery of the same amount of water to the
farms not having pumps as they would have received had there been
no pumping, then it would be necessary to reduce the delivery of
water to the farms having pumps. This would be the condition
during years of a shortage of surface water. Pumping by individuals
during years of a normal supply is discussed in the following pages.
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PUMPING OF GROUND WATER WITH A NORMAL SUPPLY OF SURFACE WATER

Pumping of ground water in a year of normal supply of surface
water might be practiced by individuals upon project lands for
various reasons. A farmer who has a pump would have water
available at times convenient to himself. And, in years when
water was rationed, even though an adequate amount would be
available, he would be able to pump additional water to satisfy his
requirements. However, as pumped water would be an additional
cost for water, it is not expected that pumping would be prevalent
on project lands in years of normal supply of gravity water.
As the production of crops requires a certain amount of water
and as there would be adequate surface water available for all
crops in a normal year, the use of ground water for supplemental
purposes on project lands in such a year would not deplete the
project water supply any more than the use of gravity water, unless
excessive irrigation by ground water caused an excessive consumptive use by the crops and excessive transpiration and evaporation losses.
Pumping of ground water in a year of normal surface supply
could result in some saving of water to the project if pumps were
located in areas of native vegetation where a lowering of water
level would reduce nonbeneficial transpiration losses.
Also, use of ground water instead of surface water for winter
irrigation would result in some water savings to the project, especially if drain water were pumped. Approximately 50, 000 acrefeet of water is released from storage annually from October
through February for winter irrigation of a widely distributed
acreage planted principally to truck crops. This acreage constitutes
a small percentage of the total irrigated acreage. An unusually
large part of this winter release is lost through waste, seepage,
and unnecessary evaporation and transpiration, the losses per acre
served being proportionately much higher than those involved in
irrigation in the summer.
The pumping of drain water during the winter would utilize some
water that is now allowed to bypass the project. W. F. Resch,
project manager of the Bureau of Reclamation, El Paso, Tex.,
estimates roughly that, of the drain flow passing the end of Mesilla
Valley, 40 percent of that in October, 50 percent of that in November
and December, 100 percent of that in January, and 40 percent of
that in February is not used in the lower El Paso Valley. These
percentage estimates, combined with the drain flow given in table
5, pages I4i > 142, show that possibly 34, 000 acre-feet of the winter
drain flow is allowed to bypass the project. However, as part of
the winter drain flow is a result of the large losses from the winter
releases, it is not expected that this quantity would be available
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for pumping from the drains. Some pumping from ground-water
storage would be necessary. The quantity of water saved in winter
irrigation by substituting pumping, especially from drains, for
reservoir releases therefore presumably would be about 34, 000
acre-feet anually, if all water bypassing the project in the winter
could be stopped, plus some small saving in losses from evaporation
and transpiration. As drain flow removes undesirable salts from
the lands and is as necessary as removal of sewage from a city, it
is presumed that not all drain flow bypassing the project throughout the year should be stopped in order to save water, but that the
drain flow seemingly could be profitably stopped in the winter.

COST OF PUMPING SUPPLEMENTAL GROUND WATER

The minimum number of pumps required to deliver the 213, 000
acre-feet of pumped water believed necessary for the Elephant
Butte Irrigation District in a dry year is estimated to be about 148,
on the assumption that each pump would discharge 1, 800 gpm continuously for 6 months. Allowance should be made for periods of
high demand; otherwise, with the pumps running continuously at
full capacity, the farmers would have to take water on a strict
rotating schedule and any breakdown in pumping equipment would
result in a shortage of water. Also, it is unlikely that every well
drilled would be capable of discharging 1, 800 gpm. Therefore,
allowing a 15-percent operational variance and 10 percent for
breakdowns, and assuming a lower average discharge per well of
perhaps 1, 500 gpm, the number of pumps necessary is estimated
to be about 220.
Rough estimates made in 1948 of the costs of installation of a
well, pump, and motor; fuel and lubrication; labor and transportation; total depreciation in 5 years; interest on investment; and
taxes indicate a total charge of $2, 900 per pump per year during
the first 5 years of operation. The charge for 220 pumps would be
$638,000 a year, or $3, 190, 000 for the 5-year period. This is
equivalent to $7.25 per acre per year for 88,000 acres or $3. 00
per acre-foot of water on the basis of 2. 42 acre-feet per acre per
year.
Under the assumptions given previously, only 73, 000 acre-feet
of water per year would need to be pumped in the sixth, seventh,
and eighth years. This would require 75 pumps, on the basis that
220 pumps would be needed for pumping 213,000 acre-feet per
year. Assuming the pumps to be fully depreciated at the end of the
first 5 years, the unit cost per pump in the sixth, seventh, and
eighth years is estimated at about $1, 540 per year or $346, 860 for
75 pumps for 3 years. The total cost for 8 years thus would be
$3,536,900.
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As stated previously, a 50-percent gravity supply would suffice,
with extremely careful use, to irrigate about 70 percent of the
acreage. The pumping of irrigation water would result in saving
all the crops on the remaining 30 percent; thus the pumping costs
should be justified by that acreage. The average gross return per
acre for the Rio Grande project was about $140 in 1945 and about
$252 in 1946, the record year up to that time. However, the
average crop return on the project from 1914 to 1946 was about $84
per acre and from 1937 to 1946 was about $120 per acre 12. The
additional gross return through ground-water irrigation in 5 dry
years, on the basis of 1937-46 average crop returns, would be
$15, 800, 000. The total cost of pumping and pumping equipment is
thus approximately one-fifth of the increase in average gross crop
returns and probably less than the normal net profit. The average
cost per acre for 88, 000 acres during the initial 5 years would be
about $7. 25 a year.
Intermittent operation and the probable smaller capacity of a
pump on an individual farm would result in a somewhat higher unit
cost of pumping than would continuous operation of large-capacity
pumps by a district pumping system.
The favorable factor of cost of pumping is offset somewhat by the
unfavorable factor of little net gain of water and the problem of installation and operation. Installation of 220 wells, pumps, and
motors would consume sometime, but possibly less than the period
of shortage of surface water supply. Among the operational problems would be the distribution of the pumped water to the New
Mexico lands only. About 11,000 acres of irrigated land in the
Mesilla Valley is in Texas and is served by the same canal system.
Also, very strict operating and irrigating schedules would have to
be maintained, as only a 3-percent wastage was assumed in the
estimates.
RECOMMENDED LOCATION OF WELLS

Wells producing sufficient water for irrigation can be located
nearly everywhere on the floor of the Rincon and Mesilla Valleys.
As a result of the variable nature of the alluvial sediments that
have been deposited by the meandering Rio Grande, there will be
a variation in the performance of the wells. Many wells will be
filled with running sand and the perforations of some well casings
will be clogged by gravel and sand. It does not appear possible to
predict the location of gravel stringers in which presumably better
wells would be obtained than in sand alone. The meager information
available indicates that sand predominates in the lower end of the
Mesilla Valley.
12 U. S. Bureau of Reclamation. 1946, Project history: unpublished report, El Paso, Tex.
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With respect to the chemical quality of the water, generally
better water is obtained with depth; an exception is the lower end
of the Mesilla Valley, where apparently very poor water is obtained
at depth. Some shallow wells in the Selden Canyon area obtain socalled salt water, which may occur also at greater depths. As the
shallow water is generally satisfactory for irrigation, however,
the drilling of irrigation wells deeper than 100 feet for the better
water is not justified. Many domestic wells in the Mesilla Valley
obtain their comparatively good water from depths in excess of
100 feet. Deep irrigation wells would possibly disturb this availability of better water with depth by drawing in poorer water from
the upper strata to the lower.
As water of comparatively good chemical quality enters the
valleys as underflow from adjacent arroyos, wells located on the
valley floor in line with or a short distance downstream from these
arroyos may obtain better-than-average water from the valley
fill.
The alluvial fill in the Selden Canyon area and in the northern
end of the Mesilla Valley, near Leasburg Dam, is thin and narrow.
If a large number of irrigation wells were drilled in these areas
and used continuously, comparatively large drawdowns of water
level would result and wells drilled near the impermeable rocks
at the edges of the valleys would be relatively unproductive.
In order to draw a greater percentage of the pumped water from
storage, the wells should be located as far as possible from the
drains and the river. Canals that leak excessively are paralleled
with drains, and the water level in the canals is without doubt above
the water table. The water level in sections of canals that have
only a small leakage is also above the water table. Wells drilled
near canals whose water is not in direct contact with the ground
water will not appreciably increase the leakage from the canals,
but will divert to the pumps water that would normally be picked
up by drains.
Locating irrigation wells in areas of native vegetation will lower
the water table in these areas and will reduce transpiration losses
and save some water for the project.
Thereforei for least effect upon the project supply and for maximum well production, it is recommended that irrigation wells on
the valley floors should be located as far as possible from the
drains and the river; be drilled as far as practicable from the
mountain masses in Selden Canyon and the northern end of Mesilla
Valley; be drilled near arroyo mouths where possible; be drilled no
deeper than necessary to secure an adequate supply of water; and
not be drilled in the lower end of Mesilla Valley.
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RECOMMENDATIONS FOR FUTURE STUDIES

As brought out previously, water pumped by wells in the Rincan
and Mesilla Valleys is not an additional or new supply but, instead,
is water that would normally flow to the drains and be diverted for
use in a lower part of the project. Pumping of ground water, therefore, is essentially a change in point of diversion of an existing
supply. In times of normal or adequate supply of surface water to
the project, pumping obtains water that would otherwise be available by gravity. In a year of surface-water shortage, pumping re suits in an adequate supply of water to those farmers having pumps
but may reduce the amount of surface water availabl'e for diversion
in the lower part of the district or project. Pumping water from
wells upon new lands, either in or bordering the valleys, will result in reducing to some extent the supply of water to the project.
Because of these effects of pumping upon the water supply of the
project, continuing records should be kept of the amount pumped
and the location of the irrigation wells.
The initial effect of the pumping, especially in a year of inadequate
surface supply, will be a decrease in the drain flow. This decrease
may not be readily apparent for a small number of pumps unless
accurate and frequent measurements of the drain flow are made.
If 75 pumps are in operation, the decrease in drainflowmay amount
to approximately 10,000 acre-feet a year. If measurements of the
drain flow approach an accuracy of 5 percent, the error in measurements in a year of average drain flow may amount to about
12, 500 acre-feet. Thus, unless accurate and frequent measurements of drain flow are made, any decreases noted could not be
definitely attributed to the effects of pumping. At present, the
drainage return flow is measured only at the outlets to the river.
Measurements should be made at additional points along the drains
in order that any decrease in flow caused by pumping can be localized within sections of the drains.
The ground-water levels will decline as a result of pumping.
However, the decline will be small so long as water continues to
flow in the drains, the drains acting as sources of recharge to the
cones of depression caused by the pumps. An effort should be
made to continue measurements in the fifty-odd auger holes in the
Mesilla Valley that have been measured for a number of years by
the Bureau of Reclamation. Auger holes should be installed in the
Rincon Valley at pertinent locations in order to permit observation
of any effects of pumping upon the water level there. Also, measurements of water level should be made in the irrigation wells at
least once a year, preferably in January or early February when
the effects from the previous irrigation season are at a minimum.
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Records as to the performance of each well and logs of formations
penetrated would aid in interpretation of the effects of pumping.
In summary, in order to have reliable data for a future reevaluation of the effects of pumping, if such becomes desirable, the
following records should be kept: information on the irrigation wells
such as, location, performance, and pumpage; measurements of
water level in the irrigation wells annually and in the auger wells
seasonally; and additional measurements of drain flow.
SUMMARY

1. The ground water in the valley fill originates mainly from
surface water, that is, from seepage of the canals and the river,
and from excess water applied to irrigated lands, but partly from
ground water from the adjoining high lands, and, occasionally,
from precipitation upon the valley floor.
2. The quality of the shallow ground water in the alluvium of
the Rincon and Mesilla Valleys is slightly poorer than drain water
but satisfactory for most irrigation requirements. The Dissolved
solids generally decrease with increased depth of wells except in
a few areas, especially in the lower end of the Mesilla Valley and
in the Selden Canyon. Comparatively good water is obtained in
surrounding high lands and in arroyo beds.
3. Wells yielding sufficient water for irrigation can be developed
over the major part of the valley floors of the Rincon and Mesilla
Valleys, with the probable exceptions of the Selden Canyon area
and the southern end of the Mesilla Valley. Sanding of wells has
occurred and may occur in wells that may be drilled, and special
well construction may be necessary to prevent it.
4. Irrigation wells, generally of small capacity, can be developed
on the arroyos and on the low benchlands. However, many wells
in these areas may not obtain sufficient quantities for irrigation.
5. Pumping of ground water will divert water from the drains
and the river. The drains may practically stop flowing by the end
of the first summer in a dry year if enough pumps are installed to
furnish an adequate water supply for all lands.
6. If an increased portion of releases from the reservoir were
made up to the lower district as compensation for the reduction in
flow of the drains, caused by pumping in the Rincon and Mesilla
Valleys, a corresponding reduction in the diversions to the Elephant
Butte Irrigation District would be necessary.
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7. As no unused ground-water recharge escapes from the project, and there is very little unused ground-water discharge, only
a small amount of water can be salvaged to the Rio Grande project
as a whole over a period of years by pumping in the Elephant Butte
district.
8. Assuming that the El Paso division continues to get diversions
in the same proportion of reservoir releases as in the past, pumping
of ground water will not result in any additional water for the Elephant Butte Irrigation District on a year-to-year basis unless the
amount of pumping exceeds the amount of the diverted drain flow,
when this excess will come from storage.
9. On a long-term basis nearly all water removed from storage
must be replaced before the flow of the drains returns to normal.
10. With a gravity water supply available for diversions of 50
percent of average, about 70 percent of the land in the Elephant
Butte Irrigation District probably could be irrigated by careful use
and control of gravity water alone.
11. During a year in which the normal supply of surface water
is deficient by 50 percent, an additional acre-foot per acre would
be needed to successfully irrigate the water-right land in New
Mexico. To supply this deficit for 88, 000 acres by pumping from
wells would, because of distribution losses and reduction in flow
of the drains caused by pumping, require pumping 213, 000 acrefeet per year, assuming that the El Paso division receives its accustomed share of the reservoir water.
12. As supplemental pumpage would in effect save the crops on
30 percent of the land that could not be irrigated by surface water
in a year of 50-percent gravity supply, the additional gross crop
return resulting from pumping would be $15, 800,000 for a 5-year
period on the basis of the average annual gross crop return from
1937-46 of $120 an acre.
13. The total number of wells and pumps required in a year of
50-percent gravity supply is estimated to be about 220 and the
total cost about $3, 190, 000 on the basis of a 5-year period and
$3, 536, 900 for 8 years, including all charges, or approximately
one-fifth of the average gross dollar benefits from crops grown.
14. Total cost per acre-foot of water pumped would be about
$3. 00, equal to about $7. 25 per irrigated acre per year for the
district.
15. Pumping of ground water on individual farms in years of
deficient gravity water supply would ultimately reduce the water
TX_MSJ_005576
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supply of the Rio .Grande project. If such a reduction were borne
by the Elephant Butte Irrigation District, it would be necessary to
reduce deliveries of surface water to farms with pumps in order to
maintain the expected deliveries to farms without pumps.
16. Pumping of ground water for winter irrigation in the project
could effect savings in water, as los'ses of winter releases are
disproportionately large for the acreage irrigated.
17. About 15, 000 acres of now undeveloped land and suspended
land could be irrigated by ground water. Water pumped on these
lands will, in afew years, reduce the water available to the existing
irrigated lands by an amount equal to the consumptive use by the
lands and crops irrigated.
18. As the water pumped will affect the water supply of the project, especially in years of deficient surface supply, continuing records should be kept of the amount of water pumped, of water-level
measurements, and of the location and performance of irrigation
wells.
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RECORDS
Table 1. Annual flow and depletion of the Rio Grande, 1930-46, in thousands of
acre-feet
[Water Bulletins 13-16, International Boundary and Water Commission, United States and
Mexico and U. S. Bureau of Reclamation, El Paso, Tex. ]
Depletion

Flow passing
Year
Caballo
Dam

Leasburg
Dam

El Paso
station

Rincon
Valley

Mesilla
Valley

Rincon
and
Mesilla
Valleys

1799.9
1776. 0
1854. 0
1 829.0
1813.9
1649. 1
1757.9
1798.3
780.4
789.1
731.9
703.5
1,795.6
911.8
866.5
882.8
763.9

790.5
740.7
816.0
824.0
768.2
633.0
693.3
740.8
746.8
737.5
689.8
685.9
1,764.1
861.0
801.0
814.2
734.8

532.7
517.8
567.2
609.2
508.5
459.9
473.8
536.2
554.9
511.6
435.9
511.4
1,559.2
631.8
611.9
568.9
497.9

9.4
35.3
38.0
5.0
45.7
16.1
64.6
57.5
33.6
51.6
42.1
17.6
31.5
50.8
65.5
68.6
29.1

257.8
222.9
248.8
214.8
259.7
173.1
219.5
204.6
191.9
225.9
235.9
174.5
204.9
229.2
189.1
245.3
236.9

267.2
258.2
286.8
219.8
305.4
189.2
284.1
262.1
225.5
277.5
278.0
192.1
236.4
280.0
254.6
313.9
266.0

Average

853.1

814.2

594.5

38.9

219.7

258.6

Average
(except 1942)

794.2

754.8

534.2

39.4

220.6

260.0

1930...................
1931...................
1932...................
1933...................
1934...................
1935...................
1936...................
1937...................
1938...................
1939...................
1940...................
1941...................
1942...................
1943...................
1944....................
1945....................
1946...................

Ipercha Dam.
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22.2
20.0
12.7
7.3
64.3
32.2
20.4
22.9
18.2

24.5

19.5

2.4

1.6

1.2

.1

Average......
Average minus 1942..

Percent.......

Feb.

3.1
.2
.1
.1
4.8
4.9
.3
.7
.3

Jan.

1938..........
1939..........
1940..........
1941..........
1942..........
1943..........
1944..........
1945..........
1946..........

Year

10.1

78.2

80.4

73.8
76.0
84.3
49.3
88.7
95.1
89.2
85.2
82.3

Mar.

15.1

13.2

15.1

121.3

147.2

140.2

131.3
106.3

121.0
121.0
114.3
117.0
354.0
131.3
124.0
122.0
120.0

113.0
105.0
91.5
93.0
412.0
123.5
115.0
112.0
97.2

116.0
106.0
110.4
115.0
212.0
138.7
136.0
129.0
119.0

121.2

June

May

Apr.

16.0

129.2

140.8

109.0
128.0
129.1
129.0
234.0
125.3
134.0
141.0
138.0

July

15.9

128.2

133.9

131.0
118.0
114.3
110.0
179.0
153.5
137.0
132.0
130.0

Aug.

8.4

67.6

80.2

43.8
76.8
68.8
62.4
181.0
70.4
86.1
98.3
34.5

Sept.

1.7

.9

1.0

8.5

99.9

802.5

913.9

9.3
8.3
7.6

16.1
13.7

780.4
789.1
731.9
703.5
1,795.6
911.8
866.5
882.8
763.9

Total

9.3
8.7
.1
10.6
16.0
5.8
8.1
19.1
6.0

Dec.

12.1
10.1
3.4
5.7
14.4
12.0
.3
9.5
7.5

Nov.

26.1
19.3
2.8
4.2
35.4
19.1
16.1
11.1
10.9

Oct.

[Water Bulletins 13 to 16, International Boundary and Water Commission, United States and Mexico]

acre-feet

Table 2. Releases from Caballo Reservoir as represented by monthly flow of the Rio Grande at "Below Caballo Dam" gage , 1938-46, in thousands of
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Table 3. Gross diversions from the Rio Grande to the divisions of the Rio Grande
project and to Mexico, 1930-46, in thousands of acre-feet
[From U. S. Bureau of Reclamation, El Paso, Tex. , except Acequia Madre from Water Bulletins 13 to 16, International Boundary and Water Commission, United -States and Mexico]
Year

Percha Dam
(Rincon Valley)

1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
Average

Mesilla
Dam

Leasburg
Dam

Mesilla
Valley

El Paso
Valley*

Acequia
Madre
(Valle de Juarez)

100.0
98.6
98.0
97.3
108.9
66.7
78.4
77.9
79.2
84.2
80.9
72.8
101. 0
105.2
108.2
103.8
99.6

231.1
211.0
220.0
224.0
210.5
123.1
155.2
151.9
151.0
164.8
154.8
139.1
192.4
219.9
204.4
218.1
205.7

351.2
353.8
353.5
336.7
315.4
222.8
269.0
277.0
289.8
321.8
292.4
270.5
349.6
330.6
314.9
328.2
303.3

582.3
564.8
573.5
560.7
525.9
345.9
424.2
.428.9
440.8
486.6
447.2
409.6
542.0
550.5
519.3
546.3
509.0

385.7
353.2
347.6
349.0
372.1
308.6
393.6
423.5
427.4
387.0
386.3
418.9
435.4
500.8
448.9
408.7
375.1

60.4
60.6
58.2
55.3
83.9
61.3
61.8
60.7
60.5

91.8

186.9

310.6

497.5

392.5

62.5

Computed from reported acreages and headgate diversions in acre-feet per acre.

Table 4. Acreage irrigated and distribution of diversions for Rio Grande project,
New Mexico and Texas, as reported, 1930 46
Canal and
Delivered to farms
unaccounted-for
losses
percent acre -feet per acre
(percent)

Year

Headgate
diversion
Acres
irrigated (acre -feet
per acre)

1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946

12,702
13,069
12,463
12,283
12,776
11,834
13,528
14,462
14, 152
14,336
14,813
15,280
15,916
16,265
16,049
16,272
17,000

7.9
7.5
7.9
7.9
8.5
5.6
5.8
5.4
5.6
5.9
5.5
4.7
6.4
6.4
6.7
6.4
5.9

35
35
24
29
25
23
20
22
21
24
20
21
25
19
22
15
14

37
42
49
47
46
42
34
33
36
29
29
30
34
34
34
36
38

28
23
27
24
29
35
46
45
43
47
51
49
41
47
44
49
48

2.22
1.74
2.07
1.89
2.51
1.98
2.64
2.45
2.38
2.78
2.78
2.30
2.61
3.03
2.98
3.12
2.79

Average

14,306

6.47

23.2

37.0

39.8

2.49

Canal waste
or return
(percent)

Rincon division
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Table 4. .Acreage irrigated and distribution of diversions for Rio Grande project,
New Mexico and Texas, as reported, 1930 46 Continued
Year

Acres
irrigated

Headgate
diversion
(acre -feet
per acre)

Canal waste
or return
(percent)

Canal and
unaccounted-for
losses
(percent)

Delivered to farms
percent

acre -feet per acre

Leasfaurg division
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946

28,061
28,289
28,569
29,713
25,531
22,706
27,670
28.387
25,907
27,075
28,811
28,811
28,942
30,060
32.081
31,734
31,765

8.2
7.5
7.7
7.5
8.2
5.4
5.6
5.4
5.8
6.1
5.4
4.8
6.6
7.3
6.4
6.9
6.5

35
35
30
32
23
19
14
16
16
15
16
14
24
19
17
12
8

33
32
36
37
37
33
32
26
31
28
26
33
34
34
35
36
44

32
33
34
31
40
48
54
58
53
57
58
53
42
47
48
52
48

2.62
2.51
2.63
2.30
3.28
2.59
3.00
3.09
3.08
3.48
3.12
2.58
2.74
3.36
3.06
3.57
3.14

Average

28.4T7

6.55

20.3

33.4

46.4

2.95

1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946

48,312
48,433
48,140
47,348
43,074
39,469
47,143
49,223
47,592
46,959
46,566
50,050
52,275
52,585
50,768
51,537
52,146

7.3
7.3
7.3
7.1
7.3
5.6
5.7
5.6
6.1
6.7
6.0
5.4
6.4
6.3
6.2
6.4
5.7

23
25
19
21
16
11
12
12
16
12
12
15
24
21
14
13
10

44
46
49
45
44
44
40
34
38
40
36
37
37
30
34
31
34

33
29
32
34
40
45
48
54
46
48
52
48
39
49
52
56
56

2.37
2.12
2.35
2.37
2.90
2.52
2.73
3.01
2.80
3.28
3.24
2.58
2.61
3.10
3.21
3.57
3.28

Average

48,331

6.38

16.2

39.0

44.8

2.83

Mesilla division

317267 O - 55 - 10

TX_MSJ_005581
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Table 4. Acreage irrigated and distribution of diversions for Rio Grande project,
New Mexico and Texas, as reported, 1930 46 Continued

Year

Headgate
diversion
Acres
(acre -feet
irrigated
per acre)

Canal waste
or return
(percent)

Canal and
Delivered to farms
unaccounted-for
losses
(percent)
percent acre -feet per acre

El Paso Valley

1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946

52.122
50,455
48.277
49,862
47,711
46,066
50,460
52,939
49,703
51,597
52.921
53,709
54,425
55,032
55,424
55,232
55,988

7.4
7.0
7.2
7.0
7.8
6.7
7.8
8.0
8.6
7.5
7.3
7.8
8.0
9.1
8.1
7.4
6.7

33
30
28
30
27
30
43
42
48
25
21
42
38
31
37
27
30

28
34
36
28
33
34
23
23
23
36
39
30
33
35
27
27
21

38
36
36
42
40
36
34
35
29
39
40
28
29
34
36
46
49

2.86
2.53
2.63
2.93
3.15
2.41
2.67
2.78
2.47
2.90
2.91
2.18
2.32
3.09
2.93
3.38
3.23

Average

51,876

7.61

33.0

30.0

36.9

2.79

Rio Grande project

1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946

141.197
140,246
137,449
139,206
129,092
120,075
138,801
145,011
137,354
139,967
143,111
147,860
151,558
153,942
154, 322
154.775
156,899

7.6
7.2
7.4
7.2
7.8
6.0
6.4
6.4
6.9
6.8
6.3
6.1
7.0
7.4
6.9
6.8
6.2

30
29
24
25
22
20
26
28
30
19
17
28
28
24
24
18
17

36
39
42
40
40
39
31
27
31
35
35
33
36
36
32
31
32

34
32
34
35
38
41
43
45
39
46
48
39
36
42
44
51
51

2.58
2.31
2.48
2.51
3.03
2.44
2.75
2.89
2.69
3.13
3.05
2.40
2.53
3.14
3.06
3.46
3.18

Average

142,992

6.85

24.1

35.0

41.1

2.80

TX_MSJ_005582
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8,624
8,664
9,066
8,826
9,670
8,181
8,727
8,375
9.141
9,374
9; 772
8,342
11,273

12.857
13,723
12,857
14,382
18,840
10,004
11.283
11,485
12.426
14,025
14,634
11,337
14,227

17,548
18,903
17,071
18,936
20,791
14, 174
15,524
16,019
15,155
19,441
19,797
18,387
20,917

10.1

6.9

4.5

4.5

Percent

8,602
9.230
9,254
9,807
9,880
9,709
9,623
9.512
10,378
10,422
10,858
10,169
10,840

3,565

2,428

1,607

1,605

Average

1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942

3,153
3,439
3,951
4,006
4,653
2,565
2.838
3.004
2,951
3,659
3,547
3,434
4,315
4,421
3,475
3,540
3,650

2.601
2,540
2,835
2,638
3,419
1,820
1,919
1,882
2,188
2,564
2,527
1,630
2,700
3,308
2,490
2,080
2,130

1,666
1,7222,014
1,692
2.421
1,428
1.387
1,289
1.422
1,643
1,426
1,188
1,727
2,150
1,466
1,370
1,310

Apr.

1,543
1,463
1.917
1,605
2,035
1,599
1,408
1,235
1,457
1,641
1,667
1,322
1,556
2,201
1.660
1.420
1.560

Mar.

1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946

Feb.

Jan.

Year

18,762
20,838
19,683
19,761
24,291
15,661
18,442
18,149
18,430
21,892
24,278
22,589
24, 534

21,416
22,910
21,104
22,128
25,378
18,446
21,797
19,880
19,911
25,345
27,257
26,298
26,913

20,020
22,363
23,210
23,888
25,857
19.978
23,027
22, 247
21,416
25,185
27,239
25,873
27,934

Mesilla Valley

19,643
20,851
23,834
22,064
21,607
17,857
19,816
19,029
19,376
23,354
25. 575
25,062
24,349

15,408
15, 163
16,178
19,485
15,876
15,003
15,594
14,567
16,565
19,435
18,809
19,313
20,014

11,526
12,788
12,150
13,549
12,281
11,596
12,370
11,811
13,364
14,768
13,227
14,060
15,798

10,884
11,289
11,345
12,549
10,213
10,915
10,913
11,313
12,094
13,177
11,589
13,065
14, 265

183,773
196, 546
194,358
205,365
217,785
167,080
185,204
180,420
185,879
217,390
225,478
215,555
235,923

99.9
5.2
5.6
7.5

10.5

12.3

11.7

18,483
19,824
18,606
19,990
23,101
15,556
18,088
18,033
17,623
20,972
22,443
21,060
24, 859

35,416
1,863
1,998

2.660

3,728

4,354

4,133

10.7

31,934
36,719
39,294
41,024
40,872
26,922
28,630
30,248
31,258
34.646
33,581
33,966,
43,847
43,596
36,677
34,820
33,950

3,774

1,752
2,207
2,104
2,681
1,980
1,439
1,421
1,612
1,925
1,881
1,396
1,813
2,515
2,053
1,704
1,740
1,450

10.4

Total

3.700

Dec.

1,904
2,553
1,952
2,642
1,987
1.696
1,416
1,696
1,945
2,035
1,750
1,922
2,678
2,361
1,738
1.930
1,770

Nov.

2,263
2,921
3,117
3,382
2,472
2,011
1,906
2,214
2,656
2,729
2, 299
2,933
3,468
3.302
2,736
2.670
2.150

Oct.

3,101
3.885
4,082
4.772
3,701
2,832
3,034
3,189
3,588
3,618
3,623
3,511
4,564
4,350
4,189
3,890
3,450

Sept.

3,296
3,927
4,409
3,963
4,653
2,586
2,898
3,213
3,349
3,784
3,713
2,903
4,546
4,665
3.791
3.780
3.680

June

3,228
3,504
4,360
3,831
4,513
2,397
2,859
3,474
3,118
3,634
3.579
3.720
4,790
4,650
3,818
3,940
3.480

i

Aug.
July
Rincon Valley
3,627
3.800
4,463
4,095
4,532
4,021
4.426
5,386
4,236
4,802
3,228
3,321
3,929
3,615
4,021
3,419
3,610
3,149
3,682
3,776
4,169
3,885
4.372
4,218
5,319
5,669
5,196
4,939
5,084
4,526
4,400
4,060
4,790
4,530

May

Table 5.~~Flow of drains to the Rio Grande in Rincon and Mesilla Valleys, N. Mex. and Tex.
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Table 6. Drillers togs of wells in parts of Sierra and Dona Ana Counties, //. Mex.
16.5.23.300.

O. B. Dawson

[Casing perforated from 105 ft to 215 ft]
ThickThickness Depth
ness Depth
(feet) (feet)
(feet) (feet)
37 Clay.................................
37
171
11
39
2
176
5
33
72
3
179
1
73
Sand (water)..........................
182
3
Clay and sandstone (?) stringers..
42
115
186
4
2
117
23
140
12
198
1
141
205
7
11
Clay and sand........................
152 Clay.................................
213
8
160
8
214
1
225
11
226
1
16. 5. 25.120. U. S. Department of the Interior, Bureau of Reclamation (Caballo Dam)
[Casing perforated from 38 ft to 105 ft]
Topsoil, gravel, clay, and

Soft fine sand (water at 45 ft,
35
30
7

35
65
72

16.5.25.343.
Hard dirt...............................

38
90

4
8
6
2
3
15
2
2
3
6

38|lsoft red rock........................
loan
128||

Sand and coarse gravel (water)...

136

24

152

4
4
2
2
7
1
11
1
13
1

55
59
61
63
70
71
82
83

W. B. Cantrell

4
10

18
20
23
38
40

42
45
51

17.4.31. 111.
10
10
15
18
2

105

A. ]. Osborn

17.4.30.133a.

Clay....................................

33
31

QfJ

Q7

Ben Luchini

10
20
35
53 JRed and white clay, gray sand.
55

5
3
3
5

60
63
66
71

17.5.24.333. E. W. Powers
Sand and boulders (arroyo
35
10

<5cd

52
5

52
57

10

Dirt...................................

45]
]L7.5.26 242. Lloyd Welch
C13.y * * ** *

* ***

*

18.4.35221.
Sand and gravel with clay

55

1B

Ti

28

101

27
4

84
88

Boggs
Water between hard formation.

111

111

1

119

Hard rock formation resembling

D eiow,«

114
10?

TX_MSJ_005585
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Table 6.

Drillers logs of wells in parts of Sierra and Dona Ana Counties,
N. Mex. Continued

19.2E.33.140b.

U. S. Department of the Interior, Bureau of Reclamation
(Jornada Experimental Range)
Thickness Depth
(feet) (feet)

Thickness Depth
(feet) (feet)
7
13
10
30
30
19. 2.3.122.

7
20
30
60
90

85
135
35
15

175
310
345
360

22
4
6
8
9
3

230
234
240
248
257
260

3
3
6

43
46
52

15
4

70
74

33
8

280
288

35
7
18
8

323
330
348
356

7
27
6
70
12
8

197
224
230
300
312
320

10
35
122

58
93
215

Atchison Topeka & Santa Fe Railway Co.

[Casing perforated from 170 ft to 259 ft]

27
8
99
21
25
4
16
8

27
35
134
155
180
184
200
208

19.3.15.443.

10
12
18

I. W. Smallwood

10
22
40

19.4.11 .221.
Soil......................................

20. IE. 14.140.

Clyde Cowan

16
55

U. S. Department of the Interior, Bureau of Reclamation
(Jornada Experimental Range)

Conglomerate rock and sand......

20.1.10.

16
39

balls...............................

5
40
70
10
60
15
35
12

5
45
115 Alternate layers of clay and
125
185
200
235
247

New Mexico College of Agriculture and Mechanic Arts

Caliche.................................

20
20
7
13
12
8
110

20
40
47
60
72
80
190

21.1.13.323.

29
7
Clay.....................................

12

Isaac Rhodes

29
36
48 Rock..................................

TX_MSJ_005586
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Table 6. Drillers logs of wells in parts of Sierra and Dona Ana Counties,

' N. Mex. Continued
.22. IE. 10.413. E. A. Knight
[Casing perforated from 50 ft to 60 ft]
Thickness Depth
(feet) (feet)

Thickness Depth
(feet) (feet)

5
20
40
45
62

5
15
20
5
17
22. IE. 26.214.

17
43
3
5

79
122
125
130

3
25
5
3

67
92

QT
100

11
5
9
4
4
1
9.
17 Vi
2%;
12
3

386
395
399
403
404
413
430%
433
445
448

'j. K. Nakayama

[Casing perforated from 30 ft to 52 ft]

6
24
15
5
14

6 Clay..................................
30
45
50
64

21.2E. 12.222.

Sandstone (?)..........................
Clay.....................................

Clay.....................................
Clay.....................................
Clay.....................................

Clay.....................................
Clay.....................................

2
3
4£
I1/
9
23
6
27
4
3
2
25
11
26
2
28
2
19
10%
10%
68
2
2
37
4
3

Edwin Parker

2
5
&/'
11
20
43 Clay
49
76
80
83
85
110
121
147
149
177
179
198
2081/;

219
287 Clay..................................
289
291 Shale.................................
328
332 Shale.................................
335

QQ1

474
478

26
4
3
4
1
1
4
10
3
38
4
3
2
80

4.81

485
486
487
491
501
504
542
546
549
551
631

Clay and sand (small amount
35
23.1.15.211.

370

Picacho Oil and Gas Syndicate

[Old oil test, abbreviated log]
30
130
15

30
160
175

5
5
20
345
14
34

180
185
205
550
564
598
620
646
650
654 Blue and gray lime and shale...

Very sticky, light -blue, gummy

92

25
5
4
186

840

TX_MSJ_005587

25
13
7
5
10
45
30

865
878
885
890
900
945
975

10
50
10
69
84
32
5

985
1,035
1,045
1,114
1,198
1,230
1,235
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Table 6.- -Drillers logs of wells in parts of Sierra and Dona Ana Counties,
N. Mex. Continued
23.1.15. 211. Picacho Oil and Gas Syndicate Continued
Thickness Depth
(feet) (feet)
(salt water at 1,335 tt).. ........
Blue and red lime and shale......

280
95
205
805
20
70
90

Black slatey crystallized

Thickness Depth
(feet) (feet)

1,515
1,610 Sandy lime streaks of shale....,
1

Q1 C

2,620
2,640
2
2

T\f\
Of\C\

40 2.840

12
10
22
6

2,852
2,862
2,884
2,890

53
3

2,943
2,946

124
3
123

3,070
3,073
3,196

110
71

430
501

510

1,005

20
55
10

110
165
175

18

220

23.1.32.330. H. S. Bissell
165
155

165
320

23.3.4.140. H. S. Bissell
200

Hard rock and gray and blue

295
23. IE. 13.144.

City of Las Cruces (Hadley Street well)
10
15
65

Soil......................................

23. IE. 13. 244.

200 Hard blue rock (malpais)
(water 600 to 900 ft)..........
495

10
25
qrv

Atchison Topeka & Santa Fe Railway Co.

[Backfilled to 82 ft]
Fine sand and boulders (water)....

62
0
58
0
45
4
31
2

Fine sand and boulders (water)....
Fine sand and boulders (water)....

62
co

Sand and boulders (water).....,.

991

120
120
165
169
200

8

226
234
241
243
251

23
7

126
133

10
15
5

110
125

15
20
10

97ft

3
8
7

o

909

23.2E. 6.332. Fay Sperry
101
2

101
103

23.2E. 6.332a. Fay Sperry
Sand.....................................

23.2E. 8.434.

3
52
23
17
5

3
55 31ay..................................
78
95
100

1Qft

City of Las Cruces (well 5)

[Casing perforated from 210 ft to 250 ft; screen 26J ft to 285 ft]

Packed sand with thin strips of
Sand, gravel, and clay mixture

60
35

60 Clay.................................
95

105

200

55

255

TX_MSJ_005588
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Table 6. Drillers logs of wells in parts of Sierra and Dona Ana Counties^
W. A/ex. Continued
23. 2E. 17.210. City of Las Graces (well 1)
[Screen from 275 ft to 294 ft]
Thickness Depth
(feet) (feet)

Thickness Depth
(feet) (feet)

Quicksand (very little water)......

45
30
5
38
4
58

23. 2E. 17.210b.

45
75

80
118
122
180

65
5
28
16

245
250
278
294

70

245

27
2

272
274

12

286

City of Las Graces (well 3)

[Screen from 272 ft to 291 (?) ft]
42
28

42
70 Gray shale interbedded with

Packed sand with conglomerate
Packed sand with conglomerate

26
9

96
105 Gray shale with some gravel

70

175

23. 2E. 29. 243 New Mexico <! ollege of Agriculture & Mechanic Arts (well 2, domestic)
32
10

32
42

Fine sand, 80 percent dark,

Fine sand, 90 percent dark.....
40
5

82
87

Fine sand, 80 percent dark,

Very large gravel and
60

23.2E. 29.243b.

147

4
20
35
5

151
171
206
211

9

220

8

228

New Mexico College of Agriculture & Mechanic Arts

[Plugged at 81 ft with concrete; casing perforated from 52 ft to 72 ft]
50

50

8

83

25

Fine dark quicksand (ran into
75
well)..............................

0

83

Large loose rock and gravel with
23.2E. 29.243c.

New Mexico College of Agriculture & Mechanic Arts (well 4, domestic)

Soil......................................

5
5
25

5
10
35

25

60

20
41
4
30
5

80
121
125
155
160

20

180

Sand and large gravel (water at

23.2E. 30.412c.

182
205
209

46
5

260

15
7
3
7
13

275
282
285
292
305

2
7

88
95

Very hard dark-colored

Clay, gravel, and sand (no

Softer dark-colored material...

Conglomerate gravel and rock....
Very hard dark-colored

23
4

255

New Mexico College of Agriculture & Mechanic Arts
[Screen from 22 ft to 92 ft]

Soil......................................
Clay.....................................

4
22
60

4 Clay..................................
26
86

TX_MSJ_005589
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Table 6. Drillers logs of wells in parts of Sierra and Dona Ana Counties,
N. Mex. Continued
24. IE. 1.111.

Stahman Farms, Inc. (well 1)

[Test hole from 306 ft to 331 ft]

Thickness Depth
(feet) (feet)

Thickness
Depth
(feet)
(feet)
Soft reddish-brown topsoil
Soft reddish-brown quicksand...

10
34
4.9i/

7%
4
1
5
14
7

10
44 Medium-hard yellow sand.....
8#
94
98
99
104
1 10
125

Medium-hard reddish-brown

6
7
6
Soft sand..............................
Soft sand..............................
Soft reddish-brown sand...........

3
1
18
8
1
10

K
Vi

1
12
2
1

Soft yellow clay and gravel......

1
4
2 y2
8
0 1/2

Soft sand..............................

2
3

131
138
13&
144V
145
148
149
167
175
176
186
187
199
201
202

1
4
7
2

994.

1
1
5
2
1
i?
1
2
2
2

246
247

235
OyJC

OC9
9CA
9^^
Q£IQ

9ftQ

2719T3
eyn r

5
5

OOfi

2
6

9Q r7

1
1
2

9CM
9Qt;

0

1

203 Medium -hard yellow clay.....
207
209Vi Medium-hard sandrock, sand,
and gray conglomerate.......
217/5
218
220
223

99 SJ
9Qrr

2
1

OQC

9Q^

OQf?

9QQ

300
QftQ
305
QAC

9
4
12

315

5
15
2

245
260
262

7

212

60

200

36

148
148+

27
4
41

86
90
131

31 Q
QQ1

24.3W. 8.310. H. S. Bissell
79

79

28
140

100
240

i

Gravel cla

,

.

24. 3W. 25. 230. H. S. Bissell
Red clay..............................

200
5

200
9AC

24. 4. 12. 230 . Biggs ranch
100
40

100
140

26. 3E. 9. 221 Berino Cotton Gin
80
1
31

80
81
112

Clay.................................

26. 3E. 19. 432. Judo Yabumoto
[Test hole 90 ft to 131 ft]
Sand..................................
Gray shale (?)......................

33
2
24

33
35
59

Sand.................................
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Table 6. Drillers logs ot wells in parts of Sierra and Dona Ana Counties,
N. Mex. Continued
26.3E. 30.114. O. E. Egbert
Thickness Depth,
(feet) (feet)'

Clay....................................

15
30
8
12
3

26.1.4.410.

Caliche................................

25
7S
150
20
26
31

15
45
53
65
68

Thickness Depth
^eet) (feet)
7
10

r7C
QC

99

107
1017

188
25
45
43

515
540
585
628
655
702

Rock................................

Southern Pacific Co. (Afton)

25
100
250
270
296
327

97

47

27. IE. 11.330. Southern Pacific Co. (Lanark, well 1. center well)
Clay....................................
Clay.... ........

...... .

229
525
31
16
4
34

229
754
785
801
805
839

Clay..................................

10
53
30
5
13

040
Qfi9

932
CW7

950

27.1E. 11.330a. Southern Pacific Co. (Lanark, well 2, west well)

Clay....................................

Clay............ . . ...
27.1E.11.330b.

5
15
ID:
50
5
55
10
20
12
30
15
20

5
20
30
80
85
140
150
170
182
212
227
247

974.

4

278
<w.n
358
383
394

62
18
25
11

Clay..................................
Clay...................................

365ft)............................
Clay.................................
Sand.................................

97

Afvo

12

AT;

100
15
85

515
530
615

50
35
7
10

373
408
415
425

10
30
55
30
90
4fi

435
465
520
550
580
600
646

90
10
11

105
115
126

48
1

90
91

Southern Pacific Co. (Lanark, well 3, east well)

Clay....................................
Clay....................................
Clay....................................
Clay....................................
Clay....................................

10
20
50
20
40
12
30
20
50
32
9
30

10
30 Clay.................................
80
100
140

152
365ft).«.........................
182 Clay..................................
202
252 Clay..................................
284
293
323

27.3E. 6. 213.

Of)

Chester Little

[Casing perforated from 60 ft to 80 ft]

55

55

30

85

Large rounded boulders and
27.3E. 15.143.

Clay..................................

Paul Price

[Screen from 50ft to 90 ft]
5
37

5
42

Clay.................................
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Table 6. Drillers logs of wells in parts of Sierra artd Dona Ana Counties,
28. 2E. 24.110.

N. Mex. Continued
Southern Pacific Co. (Strauss, well 1)

[Well later plugged back to 975 ft]
Thickness Depth
(feet) (feet)

Thickness Depth
(feet) (feet)

Caliche.................................

3
3
6
8
85
15
50
15
25
5
22
13
5
10
30
2
23
10
90

5
5
52
38
25
3
7
3
10
20

3
6
12
20
105
120
170
185
210
215
237
250
255
265
295
007
320
330
350
355
360
412
450
475
478
485
488
498
518

Clay..................................
Clay..................................

5
4
3
10
70
20
20
120
60
40
25
45
10
30
10
20
5
20
5
40
10
35
15
10
125
50
2
3

523
527
530
540
610
630
650
770
830
870
895
940
950
980
990
1,010
1,015
1,035
1,040
1,080
1,090
1,125
1,140
1,150
1,275
1,325
1,327
1,330

20
13
2
38
40
23
22
35
25
30
25
70
15

367
380
382
420
460
483
505
540
565
595
620
690
705

410
453
470
480

28.2E. 24. HOa. Southern Pacific Co. (Strauss, well 2)

Sand....................................
Caliche.................................

Clay.....................................

3
3
6
8
85
15
50
10
46
00

Clay.....................................
Clay.....................................

6
8
12
33
13
13
14
28. 3E. 25.

3
6
19

20
105
120
170
180 Clay..................................
226
248
254
262 Clay..................................
974.

307
320
333
347
Lippincott well

[Water-Supply Paper 919, p. 106]
49
5
31
5
9
190
21

4.0

4.0

54
85
90
99
289
310

43
17
10
2
65

23
12
10
13

333
345
355
368

Very coarse gravel and sand
Gravel, broken shale and sand...

Shell lime..........................

err

218

4.00
S47

604
822
flO^

40
3
1
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Table 6. Drillers logs of wells in parts ot sierra and Dona Ana Counties,
N. Mex. Continued
28.3E. 25. Lippincott well Continued
Fhickness
Depth
(feet) (feet)

Thickness Depth
(feet) (feet)

Sandy limestone (some water).....
Very hard solidified lime...........

71
11
3
3
6
1
1
2
3
4
3
3

Q40

951
954 Yellow clay and sand seam.,.
957
963
964
965
967
970
974
977
986

8
7
3

997
1,004
1,007

10
9
1
7
3
20
5
2
10

1,017
1,026
1,027
1,034
1,037
1,057
1,062
1,064
1,074

35
10

500
510

30
11

540
551

14

565

15
19
42
27
18
45
15

399
418
460
487
505
550
565

10
5
7
10

560
565
572
582

33
5
10
85

615
620
630
715

262
75

'- 370
445

42
1
22
5
34
38
49

365

989

29. IE. 8.2lOa. Southern Pacific Co. (Noria, well 2)

Clay.....................................

40
5
235
95
30
30
30

40
45
280 Clay, shale, and packed
375
405
435 Packed sand, clay, and
465

29. IE. 8. 210b. Southern Pacific Co. (Noria, well 3)
Sand.....................................
Chalk rock.. ...........................
Sand.....................................
Sand.....................................
Clay.....................................

3
12
85
70
110
83
21

2
15 Shale...............................
100
170 Shale...............................
28C Clay................................
363
384

29.2.6.230. Southern Pacific Co. (Mt. Riley, well 2)
[Well allowed to fill to 528 ft, August 1924]

Clay.....................................
Clay.....................................

110
60
110
20
25
95
7
106
17

IK
17(
28C
30(
32E
42(
42r, Rock...............................
53J
53

29.4.9.100. Southern Pacific Co. (Malpais, well 1)
Clay.....................................

5
103

5 Clay................................
108

29.4.9. lOOa. Southern Pacific Co. (Malpais, well 2)

Caliche................................

Clay....................................

12
20
56
98
13
25
53
46

12 Clay................................
32 Rock...............................
88
186

199
224
277 Clay................................
323

TX_MSJ_005593
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Table 7. Analyses of ground waters in parts
[Analysesby U. S. Geological Survey1 , unless otherwise noted.
Well
location
no.

Owner or name

Date of
collection
1947

Depth
Silica
of
well (Si02)
(feet)

Calcium
(Ca)

Magnesium
(Mg)

Wells drilled in arroyo deposits or
16.5.22.420...
Do..........
Do..........
16.5.23.300...,
Do..........
16.5.25.120...
17.5.14.212....
17. 5. 14. 441....
17.5.24.333....
17.5.26.212...,
19.4.11.221...,
20.1.26.210....
21.1.11.431....
22. IE. 33. 321..
22. 2E. 13. 411..
23. 2E. 6. 323....
23. 2E. 8. 434....
Do...........
23. 2E. 17.210..
23. 2E. 17. 210a.
24.3.5.330.....
26. 3E. 19.311..
26.1.4.410.....
26. 1.25.410a..
27. IE. 33. 130..
28. 2E. 24. 110..
28. 2E. 24. HOa.
1 mile west of ;
Cerro de
Muleros.

(*)
32
216
216
(8)
.........do.....................
25
216
.........do.....................
226
.........do.....................
28
226
.........do..................... July 31
(4)
138
Reclamation.
30
121
A. J. Osbom... .............. July 14
Earl Riggs. ................... Aug. 15
80
102
E. W. Powers............... Apr. 17
July 14
24
68
74
Clyde Cowan................ Apr. 17
73
New Mexico Coll. of
284
May 175
Agr. & Mech. Arts.
150
C. C. Rice.................. Mar. 26 s
74
K. H. Walker............... Aug. 29
Aug. 26 s
430
Aug. 13
200
May
6
300
300
.........do..................... Mar. 25 s
( 6) ,
Mar. 25s
H. S. Bissell................ Mar. 25 s '""132 ........
Mar. 25s
( 8)
702
(Afton).
May
1
460
1
453
.........do..................... May
(8)
Southern Pacific Co.
950
(Strauss).
1
705
.........do..................... May
f9 )
Dr. J. E. Laws..............

r>

22
21
22

2.9
4.4
2.5

24
53

1.6
7.3

38
53
60
66
267
34

3.1
8.0
8.3
8.0
53.
13.

216
158
34
58
124
134
56
70
15
43
47

52.
27.
7..
17.
32.
36.
17.
18.
9.4
12.
18.

5
12
20

3.2
9.8
9.0

24
33

10.
6.2

Wells drilled in alluvial fill

17.4.31.111...,
19.3.4.331.....
19.3.9.121a....
19.3.10.333....
19.3.10.432....
22. IE. 26. 214..
22. IE. 28. 140..
22. IE. 28. 310..
22. IE. 28. 320..
23. 2E. 18. 141..
Do...........
Do...........
23. 2E. 29. 332..
26.3.9.221.....

Ben Luchini..... ............. July 14
Apr. 18
Aug. 12
E. L. Cocks.................. Aug. 11
Lee Stotts...... ............... Aug. 15
Aug. 27
Aug. 13
.........do..................... Aug. 13
.........do..................... Aug. 13
(10)
City of Las Cruces..........
(»)
.........do.....................
(12)
.........do.....................
Aug. 13
Aug. 12

71
52
70

20

CO

68
100
242
42
162
32
27
33
148

157
138
91
200
86
164
5?
302
98
161
150
165

21.
30.
15.
29.
15.
27.
9.4
44.
17.
24.
27.
28.

142

45.

52
142

19.
23.

Springs
17.4.29.340....
21.1.10.213....

Apr.
May

17
17 s

71

Analysts: C. S. Howard, E. F. Williams, V. E. Arnold, L. S. Hughes.
2Dec. 19, 1945.
3June 14, 1946.
4Dec. 9, 1936.
51948.
6May 11, 1939
7Hydrant water at Pueblo Courts. City water supply being obtained from 3 city wells, 294,
296, and 301 feet deep.
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of Sierra and Dona Ana Counties, N. A/ex.
Parts per million except percent sodium and specific conductance]
Sodium
Total
Specific
Bicar- Sulfate Chloride Fluoride Nitrate hardness Dissolved conductance Percent
and
potassium bonate (S04)
(Cl)
(F)
solids (micromhos sodium
(NOs) as CaCO
(Na + K) (HC03)
at 25 C)
on mesa lands above valley floor

73
35

168
169
180
180
180
207

144
47
25
53
259
90
962
96
30
69
94
84

0.8
1.2
1.0

1.1
.8
1.1

67
70
66

250
219
283

52
44

12
13
11
11
13
10

1.2
1.7

1.3
11.

66
133

283

350
360
385
357
360

187
215
228
218
295
181

211
65
33
103
615
145

25
14
6
14
400
18

4.3
1.2
.2
.3
.3
.7

2.7
2.1
9.1
7.3
1.5
8.6

108
165
184
198
884
139

550
296
254
383
1,740
472

594
495
449
478
2.640
648

74
38
23
37
39
59

286
279
65
90
227
246
90
126
41
91
210

1,510
98
9
90
153
158
66
76
20
63
282

2.3

753
505
114
214
441
482
210
248
76
157
191

3,280
829
205
411
747
770

5,760
1,260
349
719
1,210
1,260
660
761
698
657

74
29
36
41
32
27

63
139
81
355

506
347
120
174
<232
227
177
180
370
183
423

300
178
247

492
345
407

121
74
180

42
47
72

7.9
2.0

18.
8.8
.75

26
70
87

773
513
729

1,290
865

96
85
86

240
132

365
188

195
156

69
50

1.5

1.2
9.1

101
108

731
479

1,180

84
73

.4
.3
.2
.3
.4
.4
.1
.3

0.9
2.5
.1
.8
.3
9.6
.4
4.7
2.8

478
468
288
618
276
520
170
934
314
501
485
527

1,440
896
561
1,100
538
993
297
1,950
481
943
970
1,012

1,400
1,380
897
1,650
858
1,460
520
2,740
846

57
37
39
33
40
37
36
42
27
36
36
34

.1

.6

540

1,550

500
2,580

61

208
449

1,030
3,540

1,650
6,060

76
86

59
59
74

37
36
58

.2
.6
.3

.6
.3
2.6
.7
.6
6.8
.7

442
414
381
1,120

66
64
71
70
32

36
80
53
80

of valley floor of Rio Grande

296
128
86
140
85
142
44
309
52
131
125
125

316
220
213
354
237
337
164
508
188

47

176
663

211

119
147
71
153
56
108
44
289
120
112
118
122
42
436

303
1,160

370
427

309
265

160
1,660

382

666
342
193
399
179
376
65
747
98
268
294
290

Springs Continued

5.8
4.6

2.0
2.0

8 Sayre, A N. , and Livingston, Penn, Ground-water resources of the El Paso area, Tex. ,
U. S. Geol. Survey Water-Supply Paper 919, p. 121. Date of collection, Apr. 22, 1936.
9 Idem Date of collection, July 17, 1936.
l°City water supply being obtained from 2 wells, 75 and 100 feet deep, of El Pasp Electric
Co. Date of collection, 1930. Analyzed by C. W. Botkin, chemist, State College, N. Mex.
"SeenotelO. Date of collection, 1934?
12 See note 10. Date of collection, Nov. 26, 1935.
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Feb.

Jan.

Dec.

Nov.

Oct.

Sept.

Aug.

July

June

May

Apr.

Mar.

Feb.

Date

2
16
30
13 ,
27

14
21
28
7
14
28
11
24
9
23
6
.19
3
17
1
15
29
12
28
10
24
7
21
5
19

11.73

11.22
11.36
12.51
11.61
11.70

11.80
11.84
11.89
11.89
11.93
11.57
11.10
10.52
10.32
10.48
10.48
10.38
9.84
9.91
9.42
9.29
9.36
9.60
9.84
10.07
10.37
10.61
10.81
10.96
11.01

12.02
12.09
12.14
12.13
12.20
11.49
10.77
10.34
10.07
10.25
10.23
9". 96
9.48
9.28
8.68
8.41
8.82
9.02
9.40
9.70
10.16
10.49
10.71
10.94
11.18

11.31
11.52
11.70

N960W

N1783W

8.05
8.14
8.22
8,30
8.46

8.50
8.54
8.55
8.55
8.58
8.35
7.97
7.63
7.52
7.60
7.62
7.49
7.24
7.18
6.78
6.65
6.71
6.90
7.04
7.23
7.44
7.62
7.62
7.82
7.98

N358W

8.78
8.87
8.91

9.14
9.16
9.14
9.27
9.18
9.00
8.54
8.34
7.45
8.46
8.52
8.39
8.29
8.11
7.84
7.74
7.78
7.90
8.01
8.17
8.40
8.49
8.56
8.67
8.71

N74W

12.63
12.74
12.81
12.90
12.99

13.09
13.14
13.15
13.17
13.20
13.19
12.30
12.19
12.05
12.02
12.04
11.79
11.54
11.27
10.82
10.26
10.65
11.09
10.79
11.44
11.75
12.01
12.20
12.24
12.50

N577E

7.42
7.56
7.71
7.85
7.97

7.93
7.99
8.05
8.08
8.13
8.18
7.25
7.02
6.87
6.79
6.77
6.66
6.11
5.66
5.25
4.68
5.00
5.57
5.46
5.95
6.29
6.60
6.86
7.09
7.26

N1501E

10.69
10.85
11.00
U lq
11.27

8.88
9.10
9.44
9 ^*7
9.91

7.89
8.16
8.55

27.15

9.68
*9.07
*9.03
9.90
10.00
9.89
9.18
8.56
8.40
8.02
7.80
7.65
7.13
6.79
6.47
5.36
6.28
5.55
6.61

S2916W
1947

11.15
11. 23*
11.29
11.34
11.40
11.43
10.53
10.29
10.16
10.06
10.05
9.88
9.30
8.53
8.32
7.83
8.22
8.75
8.62
9.19
9.55
9.80
10.05
10.29
10.51

N2817E

Held nos. of wells

8.89
9.10
9.30
9 A8
9.77

9.53
9.64
9.72
9.75
9.82
9.69
8.91
8.58
8.41
8.19
8.02
6.93
7.49
7.37
6.73
6.11
6.54
6.20
6.94
7.31
7.80
7.84
8.27
8.37
8.66

S1583W

10.70
10.68
10.97
11.05
10.99

11.12
11.17
11.19
11.20
11.24
11.13
10.40
10.21
10.12
10.02
10.01
9.73
9.84
9.45
9.09.
8.86
9.17
8.98
9.48
9.75
10.01
9.78
10.29
10.37
10.56

S441W

10.76
11.39
4,0. 39
11.03
11.06

11.13
11.16
11.11
11.14
11.15
11.02
10.46
10.29
10.35
10.28
10.36
10.10
10.37
9.96
9.70
9.66
9.87
9.85
10.11
10.29
10.45
40.52
40.59
10.62
10.74

S101W

9.80
9.88
9.91
10.10
10.03

10.33
10.36
10.33
10.34
10.37
10.27
9.71
8.47
9.41
9.20
9.31
8.90
9.47
8.72
8.57
8.68
8.85
8.90
9.20
9.39
9.58
9.70
9.75
9.59
9.69

S152E

11.34
11.47
11.55
U.70
11.71

11.78
11.83
11.84
11.86
11.88
11.86
11.17
10.89
10.72
10.24
10.33
9.91
10.55
9.66
9.45
9.54
9.70
9.79
10.27
10.56
10.80
10.98
11.02
10.90
11.16

S565E

Table 9. Water levels in auger holes in 2 lines across Park drain, 1947 48. in feat below land surface

11. 10

10.61
10.79
10.92
Ue\A

10.63
40. 88
HO. 89
11.22
11.26
11.28
10.56
10.02
9.84
9.19
9.17
8.64
9.50
8.79
8.45
8.57
8.41
8.60
9.24
9.59
9.94
10.16
10.11
9.98
10.40

S1067E

7.94
8.15
8.32
8.47
8.57

8.43
8.50
8.55
8.60
8.67
8.71
7.24
6.42
6.51
*5.37
5! 44
4.61
5.90
4.50
4.72
5.46
4.73
5.40
5.95
6.59
7.07
7 19
15)47
7! 15
7.67

S2335E

en

Ol

156

GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS
(N CO i-H

c- c- to

w

10
CO
CO
<N
(A

OO OO OO

to 10 o

i-H i-H OO

S1067E
3
)

i-H i-H O
i-H i-H i-H

*
Ci-T
rt

w
in

CO
10
(A

-4
,J

)

z

OO
<N
i-l*
i-H

<N C- CO
i-H C- OO

w

)
*

O
IO
r-l"
i-H

IN
10
i-H
(A

O O> O5

S101W

O rH O
>-l .-1 i-H

C- IO Tj<
O5 O *

a
3

3
&
)

O <N <N
CO <N tD

S441W

i

r-l i-H O
i-H i-H i-H

c

* OO *
OO OO *

S1583W

?

O) O) O)

JrH

m

Tj« IO r-t
i-li-H IO

S2916W
3

1

3 -8
& 8
4 c

1948-Continued

O O O3
iH i-l

CO O3 *

-a 2
/) «

N2817E

1

N1501E

I E

* * co

i-l rH O
i-l i-l i-l

c~oo n
4

O OO<£>

oo c- to

^1
=

/}
)

2
u
U
JO

§
4

2j
B

w
cc-

IO

2

12

***
O O IO
CO* Co" i-T
>-l rH i-l

&&&

QQQ
IO C- O

* * t^

N358W

OO 00 C-

V

:
O3 1-1 O
C- O5 O5

h
U

N960W

i-l i-l O
l-l i-l i-l

.uncMeaseurteamine.t

Tf

OO
i-l

N1783W

fe- r>E; ti ,-1
DDrt

Estimated,
<N 5D O5
i-l<N
V
4J
01

Q

32 <i
TX_MSJ_005598

RECORDS

157

Table 10. Water levels, in feet below land-surface datum, in auger well 23.2E.29.214
[Measured at 5:00 p.m., 1947-48]
Location: Northeast corner of westernmost weather instruments shelter of New Mexico College
of Agriculture and Mechanic Arts, State College, N. Mex.
Diameter: 2 inches; depth: 11 feet.
Measuring point: Top edge of hole in cap on casing, 5.22 feet below B. M. 102 U. S. C. and
G. S. (3,844 feet above mean sea level), 0.25 foot above land-surface datqm.
Reference point: Surface of northeast corner of concrete curbing for weather instruments shelter, 1. 5 feet from well, 0. 74 foot above land-surface datum.
Date

Water
level

1947
Feb.

Mar.

Apr.

May

19
20
21
22
23
24
25
26
27
28
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
1
2
3
4
5
25
26
27
28
29
30
1
2
3
4
5
6
7

Water
level

Date

Date
1947

1947
10.07 May
10.06
10.09
10.09
10.08
10.08
10.09
10.08
10.09
10.08
10.06
10.05
10.04
10.03
10.05
10.07
10.08
10.09
10.09
lO.'lO
10.10
10.10
10.11
10.12
10.12 June
10.13
10.14
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.15
10.16
10.17
10.16
10.15
10.13
10.11
10.02
10.00
10.00
10.03
10.06
9.72
9.55
9.20
9.30
9.44
9.47
9.52
9.56
9.59 July
9.62
9.62
9.62
9.67

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
1
2
3
4
5

9.69 July
9.58
9.51
9.49
9.49
9.52
9.53
9.54
9.45
9.53
9.55
9.59
9.60
9.63
9.60
9.63
9.53
9.55
9.55
9.55
9.56
9.61
9.43
8.64
9.03
9.12
9.23 Aug.
9.25
9.34
9.35
9.35
9.33
9.31
9.33
9.33
9.33
9.29
9.23
9.25
9/23
9.31
9.27
9.21
9:15
9.15
9.15
9.21
9.23
9.25
9.23
8.13
8.61
8.75
8.81
8.95
9.03
8.99
9.11 Sept.
9.11

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
1
2

Water
level

Water
level

Date
1947

9.07 Sept.
9.11
9.13
9.17
9.19
9.19
9.19
9.15
9.14
9.10
9.05
9.10
9.15
9.15
9.06
9.02
9.05
9.10
9.11
9.05
9.01
8.94
8.95
8.97
9.01
8.80
8.50
8.50
8.71 Oct.
8.79
8.85
8.90
8.92
8.91
8.89
8.89
8.90
8.94
8.95
8.95
8.95
8.86
8.80
8.74
8.72
8.73
8.76
8.79
8.80
8.83
8.87
8.88
8.92
8.95
8.96
8.98
9.00
9.02
9.03

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31

TX_MSJ_005599

9.06
9.08
9.07
9.02
9.00
8.22
8.48
8.58
8.54
8.64
8.68
8.58
8.51
8.51
8.47
8.49
8.63
8.67
8.69
8.73
8.76
8.80
8.84
8.87
8.90
8.93
8.95
8.97
8.99
9.00
9.05
9.05
9.07
9.11
9.12
9.15
9.18
9.18
9.21
9.23
9.25
9.29
9.25
9.25
9.29
9.33
9.35
9.38
9.39
9.39
9.44
9.49
9.49
9.50
9.50
9.45
9.41
9.46
9.51
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Table 10. Water levels, in feet below land-surface datum, in auger
well 23.2E. 29.214 Continued
Date
1947
Nov.

Dec.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
1
2
3
4
5
6
7
8
9
10

Water
level

Date

Water
level

1947
11
9.54 Dec.
9.55
12
9.56
13
9.58
14
9.61
15
9.61
16
9.62
17
9.63
18
9.64
19
9.64
20
9.65
21
9.65
22
9.66
23
24
9.68
25
9.70
9.69
26
27
9.69;
9.70
28
9.71
29
9.72
30
9.73
31
9.75
1948
9.75 Jan.
1
9.75
2
9.76
4
9.76
5
9.77
6
9.78
7
9.79
8
9.79
9
10
9.80
9.81
11
9.83
12
9.84
13
9.84
14
15
9.84
9.84
16
17
9.84
9.85
18
19
9.87

Water
level

Date

1948

1948

9.86 Jata.
9.88

9.90
9.90
9.90
9.91
9.92
9.92 Feb.
9.92
9.94
9.92
9.95
9.95
9.94
9.95
9.96
9.96
9.97
9.97
9.97
9.99
9.99
9.99
10.00
10.00
10.01
10.01 Mar.
10.01
10.02
10.04
10.04
10.04
10.05
10.06
10.06
10.07
10.08
10.09
10.09

Water
level

Date

20
21
22
23
24
25
26

10
11
12

13
14
15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
1
2
3
4
5

6
7
8
9
15
22
29

10.09
10.10
10.11
10.12
10.13
10.13
10.13
10.17
10.17
10.17
10.18
10.20
10.21
10.21
10.21
10.22
10.23
10.23
10.24
10.25
10.25
10.26
10.26
10.25
10.25
10.15
10.05
10.15
10.15
10.23
10.25
10.26
10.27
10.27
10.28
10.28
10.32
10.35
10.35

Apr.

5
12
19
26

10.04
10.05

May

3
10

9.65
9.55
9.55
9.60
9.85
9.85
9.95
9.75
9.95
9.99
9.89
9.91
10.03
9.94
9.85
9.73
9.84
9.71

17
24
31

June

7

July

14
21
28
5
12
19
26
2

Aug.

Sept.

Oct.

Nov.

Dec.

9
16
23
30
6
13
20
27
4
11
18
25
1
8
15
22
29
6
13
20
27

TX_MSJ_005600

9.91

9.75

9.75
9.75
9.78

9.76
9.88

9.90
9.85

9.89
9.98
9.99
10.00
10.04
10.03
10.06
10.10
10.11
10.14

TX_MSJ_005601

Feb. 9, 14..............
Mar. 22...................

1948

Oct. 25...................
Dec. 2...................

Aug. J...................
Aug. 30...................

July a..................

Jan. 8...................
Feb. 20...................
Apr. 17...................
May 27, 28.............

1947

Nov. 22....................
Dec. 18....................

1946

Date

19.43
20.92

71

°.Q.

34.21
34.27

OQ

OO

32.86

QO QC.
V) fil
39 ft1?

33.34
33.36
33.28
32.60

OO. <£O

19.44
16.80
11.30
12.44
13.61
15.23
16.68
17.83
18.63
19.46

33.13

J.y. OS?

Arley
Osborn

16.5.25.343

19.29

U. S. Bureau
of Reclamation

16.5.25.211
W. B.
Cantrell

1Q

15.48

14.45

11

QQ

Q.^

n
11.05
n OQ
n ^O

19

13.32

I7.4.30.133a
Ben
Luchini

17.4.31.111

Location no. and owner

9.09

8.88
5.83
5 an
5 11
4 Q1
5.48
7.17
7 QC
8 ei

Ray
Painter

7
7

6
6

QQ

OC

QC

CO

7.72
*6.40
7.01
6 OC
6 r»e

17.4.32.112

Table 11. Water levels in wells in Rincon and Mesilla Valleys, ff. Mex., 1946 48, in feet below land-surface datum

Arley
Osborn

OC

Q/3

/J£

15.25

1 c

1 ff

16.47

17.17
216.55

1C

15.94

17. 5. 10. 442

CO

en

TX_MSJ_005602

1946

1947

1948

8.......................
20.......................
3.......................
17.......................
27, 28..................
3.......................
1.......................
30.......................
27.......................
25.......................
2.......................

Mar. 22.......................

Feb. 14.......................

Jan.
Feb.
Mar.
Apr.
May
July
Aug.
Aug.
Sept.
Oct.
Dec.

Nov. 22. 23..................
Dec. 18.......................

Arley
Osborn

62.62

61.22
61.79

60.43

58.45 ,
60.76
479.80
60.04
60.00
59.88

17. 5. 14. 212

Felix
Lara

59.83
60.02

59.37
59.24
59.15
59.15
59.07
59.04
59.24
59.48

58.96
59.17

58.73
58.85

17. 5. 14. 231

28.23
828. 64

30.46
30.51

28.48
28.29
28.02
27.98
27.90
28.54
29.45

328.92
S29.40

E. W.
Powers

17.5.24.333

45.11

43.99
43.65
42.64
43.50
42.94
42.97
43.37
44.11

Mickey
Plemmons

17.5.26.212

I.ocation no. and owner

37.40
37.57

36.60
35.94
35.90
35.77
443. 87
35.32
35.71
36.42

Lloyd
Welch

17.5.26.242

6.70

6.25

4.93
5.15
411.45
5.30

Thurman

B. S.

19.3.4.331

Table 11. Watet levels in wells in Rincon and Mesilla Valleys, N. Mex., 1946-48, in feet below land-sarface datum Continued

TX_MSJ_005603

1W
14.22,23......
14,18..........

1948
10. 14...........
25...............

B. S.
Thurman

7.20

420. 54
3 13. 80

4.86
5.02
5 6. 22
5.17
4.92
5.73
6.58
6.96

13.25

'*I2. 58
10.69
11.32
12.04
12.50

12.97

11.92
12.28

13.55
13.63

13.37
13.53
313.54
13.2012.84
12.93
423.04
12.96
12.34
13.08
13.38

34.54
5 34. 81

34.34
34.10
33.55
33.39
33.23
33.22
33.74
34.18

34.38

34.00

New Mexico
A. &M.
College

New Mexico
A. &M.
College

12.82
13.17

23.2E.29.243b

23. 2E. 29. 143

Location no. and owner

6.70

6.25

Clyde
Cowan

19.4.11.211

1 Nearby field irrigated recently.
2 New measuring point, not exactly correlated with previous one.
3 Well had been'pumped.
* Well being pumped.
Nearby well being pumped.

Feb.
Mar.

1947
Jan.
14...............
Feb. 15,20...........
Mar.
7...............
Apr. 16,17...........
May 23,26,27......
July
3...............
Aug.
1 ...............
Aug. 30...............
Sept. 27,29...........
Oct. 25...............
Dec.
2,3............

Nov.
Dec.

Date

19.3.4.331a
New Mexico
A. & M.
College

23. 2E. 29. 243c

Table 11. Water levels in wells in Rincon and Mesilla Valleys, N. Mex., 1946 48, in teet below land-surface datum Continued

30.35

30.63
5 32. 47

30.24
30.11
29.70
31.04
29.39
30.92
29.89
30.38

TX_MSJ_005604
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Table 12. Records of large-diameter we/Is near or on the valley floor of the Rio Grande
in Rincon and Meailla Valleys

Sheet and tract: letters and numbers refer to Irrigable area and properly maps of Elephant Butte
Irrigation District, U S. Bureau of Reclamation Rio Grande project.
Owner or name: NMAC refers to New Mexico College of Agriculture and Mechanic Arts.
Topographic situation: A, arroyo bed; F, valley floor; M, mesa surface; S, alluvial side slope or
arroyo slope.
Altitude: A, determined by aneroid; T, determined from U. S. Geological Survey topographic
quadrangle maps.
Type of well: Dd, dug and drilled; Dr, drilled; Du, dug; J, jetted.
Depth of well: reported.
Water level: reported figures given to nearest foot.
Type of pump: AL, air lift; C, centrifugal; PI, plunger; T, turbine.
Kind of power: B, butane engine; D, diesel engine; E, electric motor; G, gasoline engine;T,
tractor engine; W, wind.
Discharge rate: E, estimated; M, measured;. R, reported.
Drawdown: E, estimated; M, measured; R, reported.
Use of water; A, abandoned; D, domestic; I, irrigation; II, intended irrigation; M, municipal,
RR, railroads; S, stock; U, unused, equipped with pump.

TX_MSJ_005605
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Table 12. Records of large-diameter veils near or on the valley

No.

Well
location
no.

1
?,

16.5.23.300
16. 5. 25. 120

Owner
or
name

Sheet Tract

Driller

Date
Topocompleted graphic
situation
Rincon Valley, Sierra

Reclamation.
..........do...........

3
4
S
6
7

16.5.25.211
16.'5.25.341
16. 5. 25. 343
17.4.30. 133a
17.4.31.111

A
A
A
C
C

22
48

..........do...........
W. B. Cantrell....
Ben Luchini. ........

37

Ray Painter.........

8

17.4.32.112

C

9
10
11
12
13
14

17. 5. 10. 442
17. 5. 14. 212
17. 5. 14. 231
17.5.14.441
17.5.23.442
17.5.23.442a

B
B
B
B
C
C

IS
16
17

17.5.24.331
17.5.24.333
17.5.25.123

C
C

18
19
20

17.5.25.134
17.5.26.212
17. 5. 26. 242

April 1947..
1936..........

S
A

.......do......
July 1947...,
March 1946
March 1947
............do........... December..,
1946.
Mickey Plemmons., February....,
1947.
...........do............ k......do......
...........do............ March 1947
Harrison.............. 1946..........
July 1947...,
...........do............ 1934 (?).....

A
S
S
F
F

A

...........do...........
""SSB Felix Lara..... ......

Well
location
no.

E. W. Powers......
G. P. Black........

1948.
Harliss... .............. 1934..........
April 1946..

r

25

C
C
C

1947.
25 ..........do........... ...........do............ ......do......
..........do............ March 1947
Lloyd Welch........ ..........do............
1947.

Type

M
S
A
S
S
S

...........do...........

Pump
No.

F

Size
(in.)

Rate
(gpm)

F
S
S

Drawdown
below static level

Yield
Kind
of
power

S
F

Date
of
measurement

Amount

Duration
of test
(hr)

Rincon Valley, Sierra

1

16.5.23.300

T

2
3
4
S
6
7

16.5.25.120
16.5.25.211
16. 5. 25. 341
16.5.25.343
17.4.30.133a
17.4.31.111

AL

8
9

17.4.32.112
17.5.10.442

T

6

10
11
12

17.5.14.212
17.5.14.231
17.5.14.441

T

13
14
15

17.5.23.442
17.5.23.442a
17.5.24.331

16
17
18
19

17.5.24.333
17.5.25.123
17. 5. 25. 134
17.5.26.212

20

17.5.26.242

8

G

850 M

June 5, 1947....

G

13 P

1936... ............

115. 00 M
21 R

4
48

125 R
250 E

July 14, 1947...
July 15, 1947...,

100 (?) R

2

l.OOOM

July 18, 1947...

14. 2 M

9

G

800 R

February 1947...

14 R

4

6

G

6

4

E

July 23, 1947...
1946...............
July 1947.........

22. 6 M

C

250 E
500 R
800 R

19 R

10

C
T
C

4

G

250-300 E

Aug. 1. 1947...,

10 R

4

6

T

450 E

Aug. 1, 1947...

12 R

5

T
T
T
T

8
8
8
6

G
G
T
G

650
860
780
225

T

8

G

700 G

None
T
T
T

None
6
8
10

None
G
T
B

M July 25, 1947...
M Dec. 2, 1947...
M .........do..........
M June 4, 1947....

20. 5 M
20. 00 M

5
40
3
2

July 24, 1947...

8.5M

8

TX_MSJ_005606
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floor of the Rio Grande in Rincon and Meailla Valleys Continued
Principal water-bearing bed
Altitude Type Depth eter Depth Thickabove sea of
of
of to top ness
level well well
well of bed
(ft)
(ft)
(ft)
(in.)
(ft)

Depth

Character
of
material

Water level

which Below
well is land
cased surface
(ft)
(ft)

Date
of
measurement

County, N. Mex.
4.280 A Dr
4, 194 T Dr

226
138

18
6

4,181
4,180
4,182
4, 140
4,113

Dr
Dr
Dr
Dr
Dr

32
127
152
97
71

10
10
12
18
14

4,110 T Dr

80

12

T
T
T
T
T

207
121
100 (?)
80
65

15*
10
12
12
6

4, 140 T Dd
4,140 T Dr
4,120 T Dr

74
101
59

14
12
18

4,120 T Dr
4,160 T Dd
4,152 T Dr

64
68
85

18
10
12

4,260
4, 188
4, 180
4, 140
4, 140
4, 140

A
T
T
T
T
T

Dr
Dr
Dr
Dd
Dd
Dr

186

12

38
12
10

215
107

Flows June 5, 1947
24.12 Nov. 22, 1946

127
131
43 Sand and gravel. 69
43 ..........do........ 65

19.29
27.20
32.22
13.32
8.88

80

7.72

15.94
58.45
58.73
80 ^' 13.90

121

74
55

18
..........do........
.........do........
.........do........

57

27

68
85

Do.
July 3, 1947
June 21, 1946
Apr. 17, 1947
Feb. 20, 1947
Do.
Apr.
Mar.
Nov.
Aug.

17, 1947
3, 1947
22, 1946
1, 1947

Aug. 1, 1947
28.
28.23 Nov. 23, 1946
14.65 Feb. 14, 1948
Do.
12.77
43.99 Apr. 17, 1947
36.60
Do.

Measuring point
Specific Use
capacity of
[gpm/ft) water

Description

Height
above (+)
orbelow(-)
land-surface
datum (ft)

Remarks

County, N. Mex. Continued
63
0.6
1.2
70
57
11
42

I
D
A
II
I

n
i
n
A
i
n
i

Bottom of air-line elbow
.............do..............
.............do..............
.............do..............
Top west edge of 3-in..
pipe in concrete.
Top of extended casing

0.00
estimated June 5, 1947. See analysis.
+4.00 See analysis.
+3.00
+.60
+.25 Depth 131 ft measured July 1947.
+4.00
+.83 Temperature 67 F.
+.85
+.00
bailer.

L.............do.:... ........

+.30
+1.38
.00

Dug 18 ft. Test pumped at date of
completion.

25
38

Bottom of N-S 8x8 in.,
pump support, east
side of well.

32
11
82

i

.............do.............
.............do.............
Bottom of pump base...
flange.

.00
+.50
.00
1.00
+1.00
+.50

About 10 ft west of well 17. 5. 23. 442.
Temperature 67 F. Diameter of pit 72 in.
Temperature 67 F. See analysis.
Temperature 64 F.
Temperature 67 F. Diameter of pit 60 in.
See analysis.
Temperature 67 F.

TX_MSJ_005607
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Table 12. Records of large-diameter wells near or on the valley

No.

Well
location
no.

Owner
or
name

Sheet Tract

Date
Topocompleted graphic
Situation

Driller

Rincon Valley^ Dona Ana
IB W. A. Prater.......
145 W. B. Engler.......

1946..........
July 1947....

F
F

D

144C

December...
1947.

F

F,

120
A. T.&S. F. Ry... P. D. Wynne........ January 1932
July 1946....
......... ...........do........... ...........do............ 1946..........
January 1948
...........do...........
10
1933..........
10 ...........do........... Claude Right........ July 1947....
113 E. L. Cocks.........
........do......

F
S
F
F
F
F
F
F

9:9,

18.4.5.214
18.4.17.312

D
D

9,3

18.4.17.411

94
9,5
9,fi
27
9,8
9,9
30
31

18.4.35.231
19. 2. 3. 122
19. 3. 4. 331
19. 3. 4. 331a
19.3.5.
19.3.9.121
19. 3. 9. 121a
19. 3. 10. 333

G
G
G
G
G
G

39,

19. 3. 10. 432

G

33

19.3.15.443

G

9:1

34
35

19.4.3.234
19.4.11.221

36
37
38
39

21. IE. 30. 323
21. IE. 31. 322
21. IE. 31. 412
21.1.11.431

Lee Stotts............ ...........do............ August 1947

89

F

169B I. W. Small wood..

F
F

F

1947.
D. L. Oliver........ Claude Right........ June 1947....
October 1946

73

S
S

Mesilla Valley, Dona
2
2
2
1

11
23
22
.........

Mar. 1948..
B. W. Vermilion...'
Rudolph Garcia.... ......... .. .
.... Jan. 1948...
Edgar Rhodes....... Morrison Bros........ ......do......
C. C. Rice......... Jack Daniels......... Mar. 1948..

No.

Well,
location
no.

Size
Type

(iii.)

Drawdown
below static level

Yield

Pump
Rind
of
power

Date
of
measurement

Rate
(gpm)

F
F
F
M

Amount

Duration
of test
(hr)

Rincon Valley, Dona Ana
91 18.4.5.214

C

3

G

9,9, 18.4.17.312
9.3 18.4.17.411

T
C

6
6

T
G

18.4.35.231
19.2.3.122
19.3.4.331
19.3.4.331a
19.3.5
19.3.9.121
19.3.9.121a

T
T
T

8

G
E
G

C

#
10
10
8
6
8

9,4
95
26
97
9.8
9.9
30
31
32
33
34
35

19. 3. 10. 333
19.3.10.432
19. 3. 15. 443
19. 4. 3. 234
19.4.11.221

T
T
T
C
T

6

E
G
G
T
T
T

280 R

1,000
225
660
400

R
R January 1932......
M Apr. 18, 1947....
R 1946.. ....... .......

14 R
8.9

120 R
150 E Aug. \ 1947.....

2.1 M

'/3

Aug. 11, 1947....
Aug. 15, 1947....

10. OM
10. 4 M

\

3

5
12

8
4

600
700
250
500
700

E
E
E
R
M

Anr

17

96

1 Q47

June 1947..........
July 24, 1947.....

R
M

MeSilla Valley, Dona Ana

3fi
37
38
39

21. IE. 30. 323
21. IE. 31. 322
21. IE. 31. 412
21.1.11.431

T
T

8
8

G
T

T

8

D

1,000 R
1,200 R
1,000 R

ii R
30

R

TX_MSJ_005608
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floor of the Rio Grande in Rincon and Mesilla Valleys Continued
Principal water-bearing bed Depth
Water level
Diamto
Altitude Type Depth eter Depth ThickCharacter
which Below
Date
ibove sea of
of to top ness
of
of
well is land
of
level well well
well of bed (ft)
material
cased surface
measurement
(ft)
(ft)
(in.) (ft)
(ft)
(ft)
County, N. Mex.
4,107 T Du
4, 095 T Dr

20
70

12

4,092 T Dr

70

12

4,070 T Dr
Dr
4,052 T Dr
4, 052 T Or

68
260
52
35

12
14
10
12

4,050 T Or
4, 050 T 1>
4,049 T Dr

32
70
69

8
7
12

4,049 T Dr

68

12

4,040 T Dr

53

4,075 T Dr
4,080 T Dr

68
74

13.40
5.34
9.65
8.3

Feb.
Aug.
Feb.
Dec.

14. 1948
11. 1947
14, 1948
2. 1947

5

60 Sand and gravel

10

38 Sand and gravel

53
42

15
12 ...........do.......

12

10

30 Sand and grave]*

53

3.38
3.38
4.98
8.57
9.13
11.71
5.65

8
10

22
16

46
54 Fine and^ coarse
sand.

68
74

8.49 June 12, 1947
11.92 Nov. 23, 1946

..............................
..................... .........
75
25 Gravel............
..................... .........

9.42 Mar. 26, 1948
10.55 Feb. 12, 1948
9.58
Do.
64.00 Mar. 26, 1948

70

6.92 Aug. 15. 1947
60
260 120.
6.25 Nov. 22, 1946
52
6.25
35
Do.
32
67
69
68

Aug. 1, 1947
JDo.
11. 1947
14, 1948
27, 1947
14, 1948
20, 1947

Aug.
Feb.
Aug.
Feb.
Feb.

Ana County, N. Mex.
Dr.
3,943 T Dr
3.945T Dr
4,020 T Dr

........
100
77
150

14.
12
16
12

50

Measuring point
Specific Use
capacity of
gpm/ft) water

Description

Height
above (+)
orbelow(-)
land-surface
datum (ft)

Remarks

County, N. Mex. Continued
+1.50 Pit, 5 by 9 ft.

I
cribbing.
I
I

+1.00
.00
drilled.

I
16 M, RR
74 I
A
.............do.............
I
A
71 M
.............do.............
60
67
100
58

I
I
I
I
I

.............do............'.
.............do.............
............do..............

.00
+2.00
+ .37 78 ft from well 19. 3. 4. 331.
+ .80 Well sanded.
+ .70 Temperature 62 F. Emergency use
only. Two pumps. See analysis.
.00 Temperature 65 F. See analysis.
+1.00
+1.00
-5.40
-.90 Temperature 66 F. See analysis.

County, N. Mex. Continued
110
33

I
I
II
I

.............do..............
.............do..............
.............do..............

+ .75
+.50
+2.00
+1.25 See analysis.

TX_MSJ_005609
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GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Table 12. Records of large-diameter wells near or ort the valley

No.

Well
location
no.

Date

Owner

Sheet Tract

or
name

completed

Driller

Topographic

situation
Mesilla Valley, Dona Ana

1
1
3

40
41
4?,

21.1.13.323
21.1.14.433
22. IE. 8. 421

43

22. lE.8.421a 3

7
4A1
37
37

1948..........
Roy Black..........
1947.
...........do........... McBee....... ......... October......
1947.
E. A. Knight........ Joe Clary............. September..
1947.
Clifford Hare.......
1947.
Claude Tharp...... Joe Clary............. September..
1947.

F
F
F
F
S

44

22. IE. 10.413 4

45

22. IE. 15. 343 4

37A

46

22. IE. 15.431 4

40

47

22. IE. 21. 211 4

12B2

1906..........

F

48

22. IE. 22

35B(?) ...........do...........

22. IE. 26. 214 5

21

November...
1947.
August 1947.

F

49

J. W. Taylor....... Morrison Bros........ February.....

4

50

22. IE. 27. 411 5

32

51

22. IE. 28. 142 4

63A

5?.

22. IE. 33. 321 5

89

53
54

23. IE. 1.414
23. IE. 1.423

68
70

7
7

K. H. Walker......

55

23. IE. 1.443

9

2

L. B. Linbeck...... ............do..........

56
57
58
59

23.
23.
23.
23.

7
6
8
7

8A
16
1
56

Tatman...... ........ Morrison Bros........
J. A. Griffin........ ............do..........
............do..........

IE. 2. 143
IE. 4. 413
IE. 9. 411
IE. 10. 442

F
F

F
F

1948.
November...
1947.
August 1947.

F

1948... .......

F
S

1948.
September..
1947.
March 1948
......do......
......do......

McBee................
1947.

TX_MSJ_005610

F

F
F
F
F
F
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RECORDS

floor of the Rio Grande in Rincon and Meailla Valleys Continued
DiamAltitude Type Depth eter
of
above sea of
of
well
level well well
(ft)
(in.)
(ft)

Principal water-bearing bed
Depth Thickto top ness
of bed
(ft)
(ft)

Character
of
material

Water level
Depth
to
Date
which Below
land"
of
well is
cased surface .measurement
(ft)
(ft)

County, N. Mex. Continued
3,960 T 1>
3,960 T Or
3,925 T Dr

215

16

1 7=/o\

14

3,925 T Dr
3,945 T Dr
3,925 T Dr

48

12.4

10

8.30 Dec. 5, 1947
8.46 Feb. 12, 1948
12.23
Do.

116

21.45 Sept. 11, 1947

16
132
108

12

40

22
gravel.
.........do.........

16

Feb. 12, 1948

80,

11.87 Feb. 12, 1947

3,920 T Dr

75

12

11.15 Dec. 5, 1947

3,920 T Dd

197

6

11.58 Feb. 12, 1948
9.56 Dec. 5, 1947
10.41 Feb. 12, 1948

Dr

130

3,915 T Dr

100

12

30

34

93

3,920 T Dr

107

16

48

gravel.
59 ........ ..do........

3,920 T Dr

80

16

55

25

3,925 T Dr

74

10

22

52

3,910 T J
3,915 T Dr

60
100

a

14

3,905 T Dr

75

12

90
90
95

14
14
14
16

Dr
Dr
Dr
Dr
3,900 T

August 1947

107

74
gravel.

15'.

11.19 Dec. 5, 1947
12.43 Feb. 12, 1948
14.64 Aug. 12, 1947
15.46 Feb. 12. 1948
21.27
Do17.08 Dec. 5, 1947
17.53 Feb. 12, 1948

50

15

13.98 Dec. 5, 1947
14.85 Feb. 11, 1948

TX_MSJ_005611
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GROUND-WATER CONDITIONS, RINCON AND MESDLLA VALLEYS

Table 12. Records at large-diameter wells near or on the valley
Pump
Well
location*
no.

No.

Type

Size
(in.)

Drawdown
below static level

Yield
Kind
of
power

Rate
(gpm)

Date
of
measurement

Amount

Duration
of test
(hr)

Mesilla Valley, Dona Ana
40

21.1.13.323

41
42
43
44
45
46
47

22. 1. 14. 433
22. IE. a. 421

48
49
50
51
5?,
53
54
55
56
57
58
59

22. IE. 22

T

10

G

900 E Oct. 10. 1947....,

26 M

T
T
T
T

8
10
8
10

T
G
T
T

2,000 R
800 R
1,000 R 1947.................

30 R

99 117 R 4.9 la

22. IE. 10. 413
22. IE. 15. 343
22. IE. 15.431
99 IT 91 911

99 117 9fi 91A
99 117 9T All
99 117 98 14.9

22. IE. 33. 321
23. IE. 1. 414
23. IE. 1. 423
OQ IT? i /Ldq

23.
23.
23.
23.

IE. 2. 143
IE. 4. 413
IE. 9. 411
IE. 10.442

T
T
T
T
AL
T
T
T
T

16 R

T

1,000 E Aug. 29, 1947....

16 R

10
8

T
T

1 9nn n February 1948.....
800 R 1947.,.. .............

30 M

8
6
10

T
T

1,000 R
600 R

8

T

1,200 R

TX_MSJ_005612
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floor of the Rio Grande in Rincon and Meailla Valleys Continued
Measuring point
Specific Use
capacity of
[gpm/ft) water

Description

Height
above (+)
or below (-)
land -surface
datum (ft)

Remarks

County, N. Mex. Continued
II
35
67
63

63
27

II
I
II
I
I
I
I
II
I
II
I
II
II
I
I
I
I
I
I

...............do............
...............do............
..............do............
, ........ ...... do.. ..........

.00
+.50 About 120 feet north of well 22. IE. 8. 421.
+.40
+1.50
+ 1.25
-1.00 Pit; diameter 18 ft, depth 30 ft. Old
Shalem Colony well; see W. S.P. 188.
p. 45.
Well sanded.

............ ...do............
....... ........do............
...............do............
...............do............

-1.00
+2.85
+1.75
+1.00
+.75

.00

317Z67 O - 55 - 1Z

TX_MSJ_005613
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GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Table 12. Records of large-diameter wells near or on tne valley

No.

Well
location
no.

Owner
or
name

Sheet Tract

Date
Topocompleted graphic
situation

Driller

Mesilla Valley, Dona Ana
60 23. IE. 13. 144

9A

61 23. IE. 13. 244
62 23. IE. 21. 314

10

63 23. IE. 21. 314a 10
64 23. IE. 26. 311
65 23. IE. 35. 231

10
10

66 23. IE. 35. 421

10

67 23. IE. 36. 333

12

68 23. 2E. 6. 323

9

69 23. 2E. 6. 332
70 23. 2E. 8. 434

9

Hadley Street well, Frank Dickinson..... June 1947...
Las Cruces.
A. T. &S. F. Ry. , A. A. Riggs......... November
.......
1925.
well 2.
November
82A O. McElyea... ......
1947.
82A ......... .do........... ............do........... .......do......

F

56
64

Victor Ginther...... Victor Ginther....... 1948..........
Harry Tashiro....... McBee.... ............. August 1947

F
F

64

Tashiko Tashiro.... ............do........... September...
1947.
J. F. Williams...... November
1947.
Andy Rominger...... 1925 (?).....

F

157

9A

33A1 Stahman Farms
Inc. , well 2.
.
Las Cruces
Country Club.
.
Mrs. Fay Sperry....
.* < City of Las Cruces,
well 5.

71 23. 2E. 17.210
7.2 23.2E. 17.210a
73 23. 2E. 17. 210b

Well
location
no.

Type

F
F

F
M

R. D. Sidey.. ....... March 1940.
Frank Dickinson..... May 1947....

M
M

City of Las Cruces, McCollough.. ........ 1936 (?>.....
well 1.
City of Las Cruces,
well 2.
City of Las Cruces, Dickinson............. November
brothers.
1938.
well 3.

M

Size
(in.)

Kind
of
power

Date
of
measurement

Rate
(gpm)

M
M

Drawdown
below static level

Yield

Pump

No.

F

Amount

Duration
of test
(hr)

Mesilla Valley, Dona Ana

60 23. IE. 13. 144
61 23. IE. 13.244
62
63
64
65
66
67
68

23. IE. 21. 314
23.1E.21.314a
23. IE. 26. 311
23. IE. 35. 231
23. IE. 35. 421
23. IE. 36. 333
23. 2E. 6. 323

69
70
71
72
73

23. 2E. 6. 332
23. 2E. 8. 434
23. 2E. 17. 210
23.2E.17.210a
23. 2E.17.210b

None
C

None None
2
E

T
T

8
10

G
G

230
64
1,200
1,500

T
T
T
T

8
8
10
4

G
G
G
E

1,100
700
1,000
150

T
T
T
T

6
6
6
6

E
E
E
E

45
250
250
205
270

R November 1925...
M Nov. 16, 1946....
R
R
R
R
R
R
R March 1940........
E May 13. 1947.....
M Apr. 3, 1947......
M ...........do.........
M ...........do.........

9 R
3.9 M

16

65 (?)R
13 R

5
24

10 R
12. 6 M

96

10 (?)M

TX_MSJ_005614
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floor of the Rio Grande in Rincon and Mesilla Valleys
DiamAltitude Type Depth eter
ibove sea of
of
of
level well well
well
(in.)
(ft)
(ft)

Principal water-bearing bed
Depth Thickto top ness
of bed (ft)
(ft)

Character
of
material

Continued
Water level

Depth

Date
of
measurement

which Below
well is land
cased surface
(ft)
(ft)

County, N. Mex. Continued
3.895 T Dr

175

14

3,895 T Dd

82

13

3,898 T Dr

90

12

3,898 T Dr

90

12

3,8807 Du
3.878T Dr

80

120
16

3.878 T Dr

80

16

3.878 T Dr

99

14

110

55 Sand and small
gravel.

170
87

boulders.

74

11.34 July 31, 1947
15.
12.25
10.87
11.63
10. 94
10.93
10 R
10.68
11.50
12.84
13.81
13.43
14.30
77.8

Dec.
Feb.
Dec.
Feb.
Dec.
Feb.
Apr.
Apr.
Oct.
Dec.
1936

November 1925
Nov. 13. 1946
Dec. 5, 1947
Feb. 11, 1948
Dec. 5, 1947
Feb. 11, 1948

4. 1947
10, 1948
4, 1947
10, 1948
4. 1947
10. 1948
10, 1947

3,959 A Dd

190

8

3.950 T Dr
4,057 L Dr

133
300

8
13

4.042 A Dr

294

10

294

65
185. 09
189. 28
186.71
170. t

4.050 A Dr

296

10

296

192. 12 May 14, 1947

4,048 A Dr '

301

10

292

160. t

190
200

55 Sand and
gravel.

133
285

March 1940

15. 1947
8, 1947
3. 1947
(?)

November 1938

gravel.

Measuring point

Specific Use
capacity of
(gpm/ft) water

Description

Height
above (+)
or below (-)
land-surface
datum (ft)

Remarks

County, N. Mex. Continued

26
16

15
12
45

on
20

+0.50
-11.51

M
RR
I
I
II
I
I
I
I
DI
M
M
M
M

Original depth 251 ft. backfilled to 82
ft for best water.

...............do............
...............do.............

............... do.............
Top of 8 by 8 pump...
supports.

Top of concrete floor.

.00
'+.50
+.50
+.25
+1.00
+.70

2001 ft east of well 23. IE. 21. 314.
Reportedly poor quality.

Filled with sand to 70 (-) ft.
See analysis.

+ .50

Irrigates yard.
See analysis.

.00

See analysis.

TX_MSJ_005615
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GROUND*WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Table 12. Records of large-diameter wells near or on the valley

Well
location
no.

No.

Owner
or
name

Sheet Tract

TopoDate
completed graphic
Situation

Driller

Mesilla Valley, Dona Ana
74 23.2E. I7.210c

1940 (?)......
well 4.

75 23. 2E. 17. 210d

M
1947.

well 6.
76 23. 2E. 20.412
77 23. 2E. 28. 113

11
11

78 23. 2E. 29. 143

11

79 23. 2E. 29. 243

11

80 23. 2E. 29. 243a

11

81 23. 2E. 29. 243b

11

8?, 23. 2E. 29. 243c

11

59

B. B. Evans.......... Dutch Chandler..... 1937...........
1906..........
well 1.
NMAC, Irrig. Eng.. R. D. Sidey.. ....... June 1935....
well 3.
1932 (?)......
well 2
1938...........
well 3.
NMAC................ ...........do...........
1946.
...........do...........
1947.
well 4.

Well
location
no.

Type

Size
(iB.)

Kind
of
power

Rate
(gpm)

S
S
F
S
S
S
S

Drawdown
below static level

Yield

Pump
No.

M

Date
of
measurement

Amount

Duration
of test
(hr)

Mesilla Valley, Dona Ana
74

9^

917

T7

91fl^>

Ft C

9Q 917

1*7

91 fW

T
T

76 no 917 9A A1O
77 23. 2E. 28. 113

C
PI

78 23. 2E. 29. 143

T

on

OTT

OQ OJQ

Bft oo

Or-

On OAQ-

79

PI
PI

6
6

8

E
E

310 M Apr. 3, 1947.....
oon »* Feb. 12, 1948....

E
E

OAA o

E

100 R

1937................ ....... 3 R
16 R
1946..... ....... ....

1.270M Nov. 18, 1946...

E

100 R

1946....... ....... ..

£

1 AA D

,.........do..........

13 M

81 23. 2E. 29. 243b
82 23. 2E. 29. 243c

TX_MSJ_005616
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floor of the Rio Granefe in Rincon and Meailla Valleys Continued
Principal water -bearing bed
DiamAltitude Type Depth eter Depth ThickCharacter
ibove sea of
of
of
to top ness
of
level well well well of bed (ft)
material
(ft)
(ft)
(in.) (ft)

Depth
Water level
to
which Below
Date
well is land
of
cased surface measurement
(ft)
(ft)

County, N. Mex. Continued
4,048 A Or
Or

298

10

300±(?)

12

3,935 A Dd 70
3.942T Dd 110

12
12

3.883L

16

Or

50

298
184. 54 Dec. 3, 1947

50

184. 91
184. 90
70 56
110 75

20

50

Feb. 12, 1948
Mar. 25, 1948
April 1947
1946

12.82 Nov. 14, 1946

gravel.
3,899 T Dd 228

4

3,906 T Dd 428

8

3,903 L Dr

83

18

Dr

305

14

3.898L

228

55

20 Sand and large...
gravel.

28

1932

35

1938

81

34.00 Dec. 14, 1946

286

30.35 Feb. 15, 1947

Measuring point
Specific Use
capacity of
(gpm/ft) water

Description

Height
above (+)
or below (-)
land-surface
datum (ft)

Re*marks

County, N. Mex. Continued
M
M
67
6

I
D

98

I

D
D
II
........... D

+.82
pipe ineoncrete base.

Top of rib inside pump
shell.

.............do...............

Dug to 50 ft to water level, 1937.
Dug to 70 ft to water in 1906, 326 gpm,
drawdown 21 ft, 1906. Swimming pool
and emergency use.
+1.50 Yield, 1,625 gpm; drawdown, 18.5 ft
when drilled.
Pit, depth 28 ft.
Pit, depth 35 ft.
+ .80
+ .50 Intended for domestic.

TX_MSJ_005617
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GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Table 12. Records of large-diameter wells near or on the valley

No.

Well
location
no.

Sheet

Owner
or
name

Tract

Date
Topocompleted graphic
situation

Driller

Mesilla Valley, Dona Ana
83 23. 2E. 30. 412b

11 74

84 23.2E.30.412c

11 74

85 23. 2E. 31. 213

11 L29

86 24. IE. 1. Ill

12 33A1

87 24. IE. 1. 144

19! 33A2

88 24. 2E. 5. 234

13 18C

89 24. 2E. 5. 422

13 ISA

90 24. 2E. 15. 231

15 14

91 24. 2E. 22. 444

15 63A

NMAC, Horti......
cultural well 3.
NMAC, Horti......
cultural well 4.
NMAC, Agronomy
well 1.
Stahmann Farms, ..
Inc. , well 1.

R. D. Sidey....... May 1935...

F

Layne Texas....... November...
1947.
..........do........... .......do.....

F

J. F. Williams.... August.......
1947.

F

...........do..........

F

Inc. , well 3.

F

1947.
F
1948.
October......
1947.

F
F

1948.
F

W. E. Evans........

99! 24. 3E. 31. 430

17

93 25. 2E. 2. 221

17 72A1B

(?) 1947...
October......
1946.

S
F

W. H. Walters.....
1947.

Pump
No.

Well
location
no.

Type

Drawdown
below static level

Yield

Size
(in-)

Kind
of
power

Rate
(gpm)

Date
of
measurement

Amount

Duration
of test
(hr)

Mesilla Valley, Dona Ana

83 23. 2E. 30. 412b

250 E
1946.

84 23.2E.30.412c
85 23. 2E. 31. 213
86 24. IE. 1. Ill
87 24. IE. 1. 144
88 24. 2E. 5. 234
89 24. 2E. 5. 422
90 24. 2E. 15. 231
91 24. 2E. 22. 444
92 24. 3E. 31.430
93 25. 2E. 2. 221

T

8

T
T

8
8

T
T

8
8

T

4

T

6

E

21 R

695 R
1947.
1,100 R .........do..........
1,200 R 1947...............

T
T

800 R

T

350 R
600 R

1946...............

40 R
60 R

19
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floor of the Rio Grande in Rincon and Mesilla Valleys Continued
Altitude Type Depth
above sea of
of
level
well well
(ft)
(ft)

Diameter
of
well
(in.)

Principal water-bearing bed
Depth Thickto top ness
of bed
(ft)
(ft)

Depth

Character
of
material

Water level

which Below
well is land
cased surface
(ft)
(ft)

Date
of
measurement

County. N. Mex. Continued
3,885 T

Dd

71

12

3,885 T

Dr

95

14

3,880 T

Dr

70

14

3,875 T

Dr

331

15

3,875 T

Dr

100

16

3,870 T

Or

60

12

3,870 T

Or

80

12

26

Sand and........
gravel.
60 ........do.........

71
92

........do.........
44

104 ........do.........

306

........do.........

Or

3,853 T

Dr

.80

10

3,860 T

Dr

90

12

3,840 T

Dr

96

12

Dec. 3, 1947
Feb. 12, 1948
Dec. 3, 1947
Feb. 10, 1948
Dec. 3, 1947
Feb. 10, 1948
July 31, 1947
Dec. 4, 1947
Feb. 12, 1948
Do.

10.92 Dec. 5, 1947
11.57 Feb. 13, 1948

gravel.

3.855T

16.97
17.63
16.89
17.53
13.16
14.13
9.65
14.02
14.93
12.48

16

90
50

13.16
13.97
41.78
42.97
11

Dec.
Feb.
Dec.
Feb.

5, 1947
11, 1948
4, 1947
11, 1948

gravel.

Measuring point
Specific Use
capacity of
(gpm/ft) water

Description

Height
above (+)
or below (-)
land -surface
datum (ft)

Remarks

County, N. Mex. Continued
A

-1.50
casing.

33

I

28
20

I
I
II
I
I

18

n
ii
n
i

sanded.
+ .50

.............do..............
.............do..............
.............do..............

+1.75
+.87
+.50
+.75
Being drilled Feb. 13, 1948, depth, 48 ft.

.............do..............

+1.75
+.50
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Table 12. Records of large-diameter wells near or on the valley

No.

Well
location
no.

Owner
or
name

Sheet Tract

Date
completed

Driller

Topographic
situation

Mesilla Valley, Dona Ana
94 25. 2E. 4. 422

18

95 25. 2E. 24. 413

20

96 25. 3E. 8.132

19

97 25. 3E. 19. 331

21

98 26. 3E. 19.311

26

99 26. 3E. 19.432

26

6A
39

S. Y. Wilson......

F

1947.
W. H. Randle.... ............do............ October.....
1947.

F

January.(?)u,
1948.
W. E. Esslinger... McBee.. ............... November...
1947.
Mrs. Fuller........

83

S
F
S

5
1948.
Judo Yabumoto... Schumaker............ October.....
1947.
16
O. E. Egbert...... Morrison Bros......... February....
1948.
57
.............do........... .......do......
March 1948
ISA] L. G. Little.......
5
Chester Little.... ............do........... February....
1948.
7
1948.

F

12

100 26. 3E. 30. 114

26

101 26. 3E. 31. 123
109: 27. 3E. 5. 414
103 27. 3E. 6.213

26
28
28

104 27. 3E. 15. 143

30

105 28. 3E. 12. 311

32 12-7

F

106 28. 3E. 25. 424
107 28. 3E. 25. 442
108 28. 3E. 26. 232

33
33
33

F
F
F

S
S
F
F
F

Mesilla Valley. El

O. C. Coles....... Payne................... January......
1948.
4-2
1947.........
4-21A J. M. Taylor......
.......do......
5-21 ErickBrandis......
,......do......

Pump
No.

Well
location
no.

Drawdown
below static level

Yield

Size
Type (in.)

Kind
of
power

Rate
(gPm)

Date
of
measurement

Amount

Duration
of test
(hr)

Mesilla Valley, Dona Ana

94 25. 2E. 4. 422
95 25. 2E. 24. 413
OC 25. 3E. 8. 132
Q7 25. 3E. 19.331
98 26. 3E. 19. 311
99 26. 3E. 19.432
100
101
102
103
104

26. 3E. 30. 114
26. 3E. 31. 123
27. 3E. 5.414
27. 3E. 6.213
27. 3E. 15. 143

105
106
107
108

28. 3E. 12. 311
28. 3E. 25. 424
28. 3E. 25. 442
28. 3E. 26. 232

T

10

T
T
T
T
T

6
8
8
8
8

G
T
G
T
G
T

1, 100 M Dec. 4, 1947....

42 M

1947.... ...........

35 R

600 R

1.100R 1948...............
600 R ..........do.........
Qftft T?
1947

T
T

10
8

G
G

33 R
11 R
60 (?)R

1948...............

47 R

1.500M Mar. 25, 1948
1.100E ...........do.........
800 R 1948...............

35
34
40 R

800 R

4

48
4

Mesilla Valley, El

T
8 T
4 G
T
C
V: E
None None None

TX_MSJ_005620

RECORDS

floor of the Rio Gtande in Rincon and Mesilla Valleys

179

Continued

Principal water-bearing- bed

DiamAltitude Type Depth eter Depth Thickabove sea of
of
of
to top ness
level well well well
of bed (ft)
(ft)
(ft)
(ft)
(in.)

Depjh
Water level
to
Date
.
which Below
of
well is land
cased surface measurement
(ft)
(ft)

Character
of
material

County, N. Mex. Continued
3.840T

Dr

95

20

3,823 T

Or

130

12

3,845 T

50

Sand and........
gravel.

15.58 Dec. 4, 1947
8.57

18

Dr

3.824T

Dr

90

16

3.810T

Dr

132

14

Do.

9.20 Feb. 11, 1948
18.04
Do.
58

9.36 Dec. 4, 1947
9.90 Feb. 11, 1948
23.63
Do.

Sand and.........
gravel.

3,800 T

T>

131

16

59

3,800 T

Dr

107

14

53

3,800 T
3,785 T

Or
Dr
Dr

90
82
126

16
14
14

52
40
55

gravel.
20 ........do..........
42
30 ....... .do...........

3.,780'T

Dr

91

16

42

38

27

90
107
82
85

10.17 Dec. 4, 1947
8.30 Feb. 11, 1948
10
13
17

March 1948
Do.

8.42 Feb. 11, 1948
gravel.

Paso County, Tex.
3,755 T

Dr

..........

Or
Dr
Dr

...............................
. . 60
64

7.04 Feb. 11, 1948

3r ..................
.8 ..................

Measuring point
Specific Use
capacity of
[gpm/ft) 'water

Description

Height
above (+)
or below (-)
land-surface
datum (ft)

Remarks

County, N. Mex. Continued
26

I

17

I
I
I
I
I

..............do.............
..............do.............
..............do.............
..............do.............

II

...,...........do. ............

33
55
15
17
43
32
20

n
i
i
n

+1.00
drawdown, 22 ft, February 1948.
.00
+.'50
.00
+2.00 Temperature 70. 5 F. See analysis.
+.50 Well sanded in (?), measured 250 gpm;
drawdown, 22 ft, February 1948.
+3.00
Being completed Feb. 13, 1948.
+2.00

Paso County, Tex.

I

I
ID
n

+1.50
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Table 13. -Records of wells principally above the valley
Altitude: A, determined by aneroid barometer; T, determined from U. S. Geological Survey
topographic quadrangle maps.
Type of well: Dd dug and drilled; Dr, drilled; Du, dug; J, jetted.
Depth of well: .M, measured; otherwise reported.
Water level: Reported figures given to nearest foot.
Well
No,

Location no.

Field name

Date
completed

Driller

Owner or name

Sierra County,

1 19.5. l r
2 19. 5. 16. 100

Mexican Querva... Homer Jones................ ......... .............
Twin Mills West... ..............do...............

1925.......
1900.......

3 19.5.28.300

Iron Mill............. ..............do. -

1917 (?)..

... ... Andy Romenger...

Dona Ana
4 18. IE. 27. 430

Jornada Experimental
Range.
1946 (?)..
C. W. Right................
Bre wster. .....................
1916......
Schoptaugh.......... 1945......
R. F. Hedge
Simms............... Simms........
Boggs!.. ............... 1940 (?)..
1940.......
Boggs
Middle well........ Jornada Experimental
Turney
Range.
11 19. 2E. 33. 120 Headquarters West ................do.............
12 19. 2E. 33. 120a
................do.............
13 19. 2E. 33. 210 Headquarters East ................do.............
1937......
5
6
7
8
9
10

18.4.5.211
18.4.8.410
18.4.9.130
18.4.34.211
18.4.35.221
19. IE. 1. 221

14
15
16
17

19. 4E. 31. 420
19.4.29.130
19.4.30.240
20. IE. 4. 120

18 20. IE. 8.330

EiiYott!"!!!!!"""!!!

Little well........... ...............do.............
East well............ Homer Jones................ Andy Romenger....
...............do............. Boyd Lusk... .........
West well........... Jornada Experimental
Range.
Dutch Chandler.....
A. & M. Camp.. New Mexico Coll. of
Agr. and Mech. Arts. Jim Sewell.... .......

1917......
1936......
1906......
1930.......

Water level
No. Location no.

Depth to which
well is cased
(ft)

Below
land
surface (ft)

Date
of
measurement

Type
of
pump

Kind
of
power

Sierra County,

1
?.

19.5.1.
19. 5. 16. 100

28.05
99.80

June 25, 1947.....
...........do...........

PI
PI

W
W

3 19.5.28.300

118. 20

...........do...........

PI

W

April 1947..........
1946.................

PI
C

W
E

Dona Ana
4
ft
fi
7
8

18. IE. 27. 430
18.4.5.211
18.4.8.410
18.4.9.130
18.4.34.211

9
10
11
12
13
14

18.4.35.221
19. IE. 1. 221
19. 2E. 33. 120
19.2E..33. 120a
19. 2E. 33. 210
19. 4E. 31. 420

15
16
17
18

19.4.29.130
19.4.30.240
20. IE. 4. 120
20. IE. 8. 330

195
3 to 4
100

4.72

July 15, 1947.....

None

...............

112
350

8
236. 05

1940.................
Apr. 17, 1947....

355

239. 50
100

Mar. 26, 1948....

PI
PI
PI
PI
PI
PI

E
W
W
G
W
W

30

160

1947.................

300
356

290

1947.................
...........do.........

PI
PI
PI
PI

W
W
W
W
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floor of the Rio Grande in Sierra end Dona Ana Counties, N. Mex.
Type of pump: AL, air lift; C, centrifugal; Pl,plunger; T, turbine.
Kind of power: B, butane engine; E, electric motor; G, gasoline motor; T, tractor engine; W,
wind.
Use of water: A, abandoned; D, domestic; I, irrigation; RR, railroad; S, stock.

Topographic
situation

Principal water-bearing bed
DiamDepth eter Depth to ThickCharacter
of well of well top of
of
ness
(ft)
(ft)
material
(in.) bed (ft)

Altitude
above sea
level (ft)

Type
of
well

4.225 A
4,490 A

Du
Du

118 M

50

4,500 A

Dr

138 M

6

......do...........

4, 355 A

Dr

350

6<

Quicksand.

......do...........
......do...........
......do...........
......do...........

4,066 T
4,058 T
4,059 T
4.036T
4.036T
4,350 A

J

Dr
J
J

2%
6
2%
2%
3
6

Sand and gravel.

Dr

82
200 (?)
100
245
214
350

4,355 A
4,350 A
4,340 A

Dr
Dr
Dr

360

6
6

5,235 A
4,440 A
4,360 A

Dr
Dr
Dr
Dr

103
180
160
390

6
6
12
6

4,395 A

Dr

373

6

N. Mex.
.............do...........

60

40

erate.
County, N. Mex.

Valle

On m
......do...........
......do...........
.. t ...do...........

Quicksand.

310

50 Quicksand and,

sandstone.
In cai
On m

295

78 Quicksand.

Measuring point

Use
of
Quality
water

Description

Height
above (+) or
below (-)
land -surface
datum (ft)

Remarks

N. Mex. Continued
S
S

Good
Top of tin well cover...
.....do.... Top of wooden well.....

+0.30
+ .50

Reportedly weak.

cover.

S

+1.00

.....do....

County, N. Mex.

S
D
A
A
A

Fair
.....do....
Bad
Poor
.....do....

D
S
D,S
D
D.S
D.S

Good

+5.80

Clay from 70tollO±ft and 112tto 245
ft. Rock 1101 to 112t ft.

Fair

Good

+1.43
Top of steel pipe clamps

+.50

camp.
S
S
S
S

Good
.».do.....
Poor
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Table 13. Records of wells principally above the valley floor of
Well
No.

Location no.

Field name

Date
completed

Driller

Owner or name

Dona Ana County,

19

20. IE. 14. 140

20

20. IE. 35. 220

21

1936.

Range.

...........do......... 1905 (?)..
Agr. and Mech. Arts.

20. 2E. 28. 330

25
26
27
28
29
30
31

Range.
20. 3E. 18. 210 Taylor well......... ...............do..............
20. 3E. 36. 330 T. Gardner spring., W. F. Isaacs............... ........................
20.1.10.
Agr. and Mech. Arts.
20.1.11.310 Mayfield............ ...............do...............
20.1.26.210 Selden....... ........ ...............do...............
20. 1. 30. 330 Buckle Bar.......... ...............do...............
20.1.31.320
Beal... ........................
20.1.31.320a
...............do.............. ...........do..........
20.2.13.330 ........................ C. H. Ward.................
20.2.24.110

32
33
34
35
36
37

20.2.25.230
20. 2. 25.230a
20.2.34.
20.4.6.210
Hackett.. ...........
20.5.8.220
21. IE. 15. 230

38

Agr. and Mech. Arts.
21. IE. 22. 240 Cleofos....... ....... ...............do...............

22
23
24

1936.
1900 (?).'.
1935......
1942......
1945......
1938......

1947.
1937......
1931.......
1943.......
Beal...........................
Homer Jones................ Lusk......... ........ 1935.......
...............do..............
...............do..............

1900 (?)..

Water level
No. Location no.

Depth to which
well is cased
(ft)

Below
land
surface (ft)

Date
of
measurement

Type
of
pump

Kind
of
power

Dona Ana County,

19 20. IE. 14. 140

356

20
21
22
23

20. IE. 35. 220
20. 2E. 28. 330
20. 3E. 18. 210
20. 3E. 36.330

356
365 (?)
400

24
25
26
27
28
29
.30
31
32
33
34
35
36
37
38

20. 1. 10.
20.1.11.310
20.1.26.210
20. 1. 30. 330
20.1.31.320
20.1.31.320a
20.2.13.330
20. 2. 24. 110
20. 2. 25. 230
20.2.25.230a
20. 2. 34.
20.4.6.210
20.5.8.220
21. IE. 15. 230
21. IE. 22. 240

316
366
267 (?)
18
45
26
70
21
7
0
0
0

325
319. 74
290
230
360. 00

February 1936.....
Mar. 26, 1948....
1947.................
...........do.........
Mar. 18, 1947....
Mar. 4, 1947......

PI

W

PI
PI

W.G
W

355
267
13
20
14
24
17
38
16
20 to 25
120
53.95
4
6

1947.................

PI
PI
PI
PI
PI
PI
PI
PI
PI
PI
PI
PI
PI
PI

W
W
W
W
W
W
Hand
W
W
W
W
W.G
W
W

...........do.........
......... ..do.........
...........do.........
...........do.........
...........do.........
...........do.........
...........do.........
...........do.........

1947.................
June 24, 1947.....
1947.................
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the Rio Grande in Sierra and Dona Ana Counties, N. Mex.

Continued
Principal water-bearing bed

Topographic
situation

Altitude Type
above sea of
level (ft) well

DiamDepth
eter
Depth Thickof well of wel] to top oi ness
(«.) bed (ft)
(ft)
(ft)

Character
of
material

N. Mex. Continued
4,415 A
4,390 A

Dr

6.

"U.8

373

6

9Q 1;

356

rjQ

4,325 A

Dr

365

6

4,455 A

Dr

499

6

Dr

320

6

312

4,380 A
4,335 A

Dr
Dr
Dd
Dr
J
Du
J

369
284
18
93
59
26
119

6
6
4
6
6
6
3

355
267

17+

Do.
Do.

45
59
0

26

Do.
Do4

70
21
124
160
60
16

6
8
6
6

68

2

4,475 A
4,440 A
4.525T

Dr
Du
Dr
Dr
Du
Du

0
0

60
16

rv-i
Do.

4, 520 T

Du

20

0

15

Do.

4,010 A
4, 006 A

4,023 A
4,010 A

.............do...........

Dr

Da.

Q74.

Do.

CA /O\
60(?)
(*f\ /O\

Measuring point
Use
of
Quality
water

Description

Height
above (+) or
below(-)
land -surface
datum (ft)

Remarks

N. Mex. Continued
S

Good

Top of casing......

D,S .....do....
S
A
Fair
S

+0.90

+1.00
phurv taste. Temperature 58 F.
Well not located.

S
S
S
D,S Hard
D,S
D,S
Salty
D.S
Salty
S
D,S
Hard
S
S .....do....
D.S .....do.... Top of pipe clamps......
S
S

+1.45

Temperature 67 F. Luna County.
springs cased in for supply.
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Table 13. Records of wells principally above the valley floor of
Well
No.

Location no.

Field name

Owner or name

Date
completed

Driller

Dona Ana County,
39 21. 2E. 12. 222

Parker............... Edwin Parker................ J. F. Williams...... April.....

40 21. 2E. 15. 244
41 21. 2E. 25. 430

Jornada Range Reserve
East Headquarters W. F. Isaacs................

1947.

42 21. 2E. 25.43 Oa West Headquarters
43 21. 3E. 25.430 Home...............
44 21. 4E. 30. 230 Merrimac mine.-.,
spring.
45 21.1.9.230
46 21.2.31.440
47 22. IE. 28. 140
48 22. IE. 2G. 310
49 22. IE. 28. 320
50 22. 2E. 13.411
51 22. 2E. 31. 340
52 22. 3E. 2. 240

1907.
1899.....
1900.....

..............do...............
............ ..do (?)..........

American Smelting
& Refining Co.

H. S. Bissell.. ..............

Jeff Chandler........
...............do..............
...............do..............
J. W. Daujjherty........... Boone......... ........ March....
1948.
....................... W. F. Isaacs................ Dutch Chandler..... 1920......

53 22. 3E. 2. 410
54 22. 3E. 2. 420
55 22. 3E. 11.320

S. A. Walter................ Dickinson brothers . 1931......
1946......
E. J. Isaacs................. Ed Boone............. 1939......

1922......
56 22. 3E. 23.320 West well........... ...............do..............
57 22. 3E. 23. 320a East well........... ...............do.............. Ed Boone............. 1939......
58 22. 3E. 26.420 Mine house......... ...............do..............
spring.

Water level
No.

Location no.

Depth to which
well is cased
(ft)

Below
land
surface (ft)

Date
of
measurement

Type
of
pump

Kind
of
power

Dona Ana County,

39 21. 2E. 12. 222
40 21. 2E. 15. 244
41 21. 2E. 25.430

420 (?)

294

July 1947............

PI

G

300
290. 50

1947..................
Feb. 26, 1947.....

PI
PI

W
W

1947..................
Mar. 5, 1947......

PI

W

May 26, 1947......

PI
PI
C
C
C

W
W
E
E
E

T6l (?)

30.07
90
5
5
5
375. 04
164. 00
187

PI
PI

W
W

150
50
40
122
40

140
115.30
135
135
135

...........do..........
Mar. 5, 1947
1947..................
...........do..........
...........do..........
Mar. 12, 1947

PI
PI
PI
PI
PI

W
W
W
W
W

4?. 21. 2E.25.430a
43 21. 3E. 25.430
44 21. 4E. 30. 230
45
46
47
48
49
50
51

21.1.9.230
21.2.31.440
22. IE. 28. 140
22. IE. 28. 310
22. IE. 28.320
22. 2E. 13.411
22. 2E. 31. 340
59! 22. 3E. 2. 240

53
54
55
56
57
58

22. 3E. 2.410
22. 3E. 2. 420
22. 3E. 11. 320
22. 3E. 23. 320
22. 3E. 23. 320a
22. 3E. 26.420

75

242
42
162
430

75

Mar. 26, 1948
Mar. 18, 1947
1947. ................
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the Rio Grande in Sierra and Dona Ana Counties, N. Mex.
Topographic
situation

Altitude
above sea
level (ft)

Continued

Principal wate -bearing bed
DiamType Depth
Depth Thicketer
Character
of
of well of well to top of ness
of
well
(ft)
(ft)
(in.) bed (ft)
material

N. Mex. Continued

..............do...........
Slope of San Andres..

4,370 T

Dr

631

6

4,290 T
4.360T

Dr
Dr

250
342

4 Ma

6

320

5 Gravel.

4,360 T
5.190 T
5,500 T

Dr
Dr
Dr

325
75
125 (?)

4
6

320

5

180
242
42
162
430

6
6
2V4
4
2V4
6

5
150
386

37

4,450

Dr
Dr
J
Dr
J
Dr

4,060 A
5,110 T

Dr
Dr

175
198

6
6

165
187

10

5,030 T
5,090 T
4,890 T

Dd
Dr
Dr

155
200
204

6
6
6

4,955 T
4,935 T
5,360 T

Dd
Dr

212
204

6
6

4,710 T

In Rolling Hills .......
Valley floor
............do............
............do............

In San Augustine Pass.,
Organ Mountains.
............do.............
............do.............
Mountains.
............do.............
............do.............

335

165

Sandstone (?).

Do.

Sand and gravel.
Do.
Do.
Do.
Gravel.
Limestone and
shale (?).
Limestone (?).
Limestone and shale (?).
Do.
Do.
Do.

Measuring point
Use
of
Quality
water

Description

Height
above (+) or
below (-)
land-surface
datum (ft)

Remarks

N. Mex. Continued

n

A
D,S
Good
D,S .....do....

Top of 4 by 4 pipe......
clamps.

+1.5

Reported by Lee, W. T. , Water Supply Paper 188. Pumps dry.

D.S
Hard
S
.....do....
diate vicinity. Small flow.
D.S
D.S
Good
D,S .....do....
D.S
Poor
D.S
Good
....... .....do....
Fair'
D
taste.
D,S
Hard
D.S .....do....,
S .....do....,
D.S .....do....,
D,S ....do....,
S
.....do....

+1.20

Top of collar on casing
Top of pipe column.....

+1.50
+4.30

Temperature 76. 5 F. See analysis.

+1.30

does not go dry.

TX_MSJ_005627
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GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Table 13. Records of wells principally above the valley floor of
Well
No.

Location no.

Field name

Date
completed

Driller

Owner or name

Dona Ana County,
59
60
61
fi2
63
64

22.1.19.330
22.2.21.330
22.3.16.340
22.3. 16.340a
22.4.10.230
22.4.19.340

Hawkins............ H. S. Bissell... ............. ......................... ............
...............do..............
Little Mills North ...............do..............
Little Mills South ...............do..............
Monterey well..... Weldon Burris... ............ E. H. Boone.. .......
1929'!!!!!!
...............do..............
MacElhaney.

65 23. IE. 30.210
66 23.2E.6.332a
67 23. 2E. 7. 320
68
69
70
71
72
73
74
75

1947......

Will Washington...........

23. 2E. 29. 332
23. 2E. 30. 441
23. 2E. 30. 443
23. 3E. 1.340
23. 3E. 12. 230
23. 3E. 13. 330
23. 3E. 21. 310
23.1.15.211

Jeff Chandler....... 1945......
............do.........
R. E. Boyd.... ............. ........................ 1938......
1907......
1941......

.................do............
Picacho Oil & Gas Syn...

Water level
No. Location no.

Depth to which
well is cased
(ft)

Below
land
surface (ft)

Date
of
measurement

Type
of
pump

Kind
of
power

Dona Ana County,
59
60
61
62
63
64
65
66

22.1.19.330
22.2.21.330
22.3.16.340
22.3. 16.340a
22.4.10.230
22.4.19.340
23. IE. 30. 210
23. 2E. 6. 332a

277
75
75
383
224

67 23. 2E. 7. 320
68 23. 2E. 29. 332
69

w
w
w
w

151.00
235. 60
12.00

Feb. 4, 1947.......
..........do...........
Feb. 5, 1947.......

PI
PI
PI

310
211
297.65
65

1942 (?).............
..........do...........
Feb. 6, 1947.......

PI
PI
PI
PI

W,G
W.E
W

67
224

57.60
16

Apr. 10, 1947......

PI
C

W
E

23. 2E. 30. 441

268

11

C

E

70 23. 2E. 30. 443
71 23. 3E. 1.340

157

17
0.30

C

E
G

72
73
74
75

23. 3E. 12. 230
23. 3E. 13. 330
23. 3E. 21. 310
23.1.15.211

100 (?)

69
65
200
550

Mar. is, 1947.....
1947..................
...........do..........

PI
PI
PI
PI

TX_MSJ_005628
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RECORDS
the Rio Grande in Sierra and Dona Ana Counties, N. A/ex. Continued

Topographic
situation

Altitude
above sea
level (ft)

Principal water-bearing bed
DiamCharacter
Type
Depth
Depth Thicketer
of
of
of well of well to top of ness
material
well
bed (ft)
(ft)
(ft)
(in.)

N. Mex. Continued
Flat plain...............
Gap in range of hills..
Magdalena Draw......
Bluff above valley....
floor.
.............do...........
Slope off Rio..........
Crande valley.

4,460 T
4.610T
4,610 T
4,610 T
4,815 T

Dr
Dr
Dr
Dr
Dr
Dr

180
280
75
383
224

4'/2

4,180 T

Dr

330

6

3,950 T
3,940 T

Dr
Dd

130
67

5

224
268
157

5,650
5,780
5,600
4,590
4,480

Dr
J
J
Du
Du
Dr
Dr
Dr

.............do...........
.............do...........

T
T
T
T
T

8
6
6
6
5V4

Alluvial fill.
Do.
Do.
220

130

5

148

9

4V4
3
9 1/

Q

70-75
220
3,196

6
8

Measuring point
Use
of
water

Description

Quality

Height
above (+) or
below (-)
land -surf ace
datum (ft)

Remarks

N. Mex. Continued
S
S
S
S
S
D,S
D
D

...............do.............
...............do.............
Good
Fair

+ .70
Good

D
Ice

,....do....
,....do....

D

.....do....

D
D,S

....do....

S
S
S
A

+0.50
+1.80
+.70

water 2,130 ppm, lower water 720
ppm.
+ 1.95
See analysis.
solved solids 300 ppm; hardness 150.
j.^ 9

behind dam across arroyo.
Good
....do.....
Poor
ported 5,430 ppm.

317267 O - 55 - 13

TX_MSJ_005629
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GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Table 13. Records of wetts principally above the valley floor of
Well
No.

Location no.

Field name

Date
completed

Driller

Owner or name

Dona Ana County,
76
77
78
79
81
82
83

23.1.32.330
23.2.13.310
23. 2. 13. 310a
23. 2. 23. 330
23.2.27.330
23. 2. 27.330a
23. 3. 4. 140
23.3.9.330

84
85
86
87
88
89
90
91
92
93

23.3.20.420
23.3. 20.420a
23.4.18.111
23.4.18.310
23.4.26.440
23.4.32.144
24. 3E. 31. 230
24.1.22.120
24.3.4.420
24.3.5.330

94
95

24.3.6.320
24.3.6.430

an

T^.

,

.

Headquarters West
Little Gap East....
Little Gap West...
Kerr.. ...............
Le Febre............

1935.......
H. S. Bissell...............
................do.............
...............do............. .........do (?)....... .............
................do.............
................do.............
................do.............
................do............. Payne.... ............. 1947.......
................do.............

Temple East....... ................do.............
Temple West......
................do.............
................do.............
Al
Mossman ranch..., Paul Price...................

1916.......
Kimball........ 1936.......
1900 (?)..

Brass................. H. S. Bissell................ Payne................. ............
...............do..............

1941.......
1926.......

F. C. Leach................

Water level

No.

Location no.

Depth to which
well is cased
(ft)

Below
land
surface (ft)

Date
of
measurement

Kind
of
power

Type
of
pump

Dona Ana County
7fi
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

23.1.32.330
23.2.13.310
23.2. 13. 310a
23. 2. 23. 330
23.2.27.330
23. 2. 27. 330a
23.3.4.140
23.3.9.330
23.3.20.420
23. 3. 20. 420a
23.4.18.111
23.4.18.310
23.4.26.440
23.4.32.144
24. 3E. 31. 230
24. 1. 22. 120
24. 3. 4. 420

93
94
95

24.3.5.330
24.3.6.320
24. 3. 6. 430

165
180
180
172
1,005(?)
80
0
0
130

117
135

350
130 (?)
117.70

Feb. 4, 1947......

148. 00
149. 20
4.20
30.50
54.20
85.60
14
18
78.40

Feb. 4, 1947.......
..........do...........
Feb. 5, 1947.......
............do.........
............do.........
............do.........
1942..................
............do.........
Feb. 7, 1947.......

90
300. 00+
333
300. 00+
78.15
98
99.35

PI
PI
PI
PI
PI
PI
PI
None
PI
PI
PI

W
W
W.G
W
W
W
W,G

""w"""
W
W,G

PI

W,G

Feb. 10, 1947.....

PI
PI
PI

W
W,G
W

Feb. 5, 1947.......
............do..........
1942 (?)..............
Feb. 17, 1947......

PI
PI
PI

W
W
W

TX_MSJ_005630
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the Rio Grande in Sierra and Dona Ana Counties, N. Mex, Continued
Principal water-bearing Jevel
DiamAltitude
Type Depth
eter
Depth ThickCharacter
above sea
of well of well to top of ness
of
of
level (ft) well
(ft)
(in.) bed (ft)
(ft)
material

Topographic
situation
N. Mex. Continued

.............do............

West side of Mason
Draw.
.............do............
.............do............

4,410
4,420
4,420
4,460
4,470
4,470
4,480
4,450

T
T
T
T
T
T
T
T

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

4,390 T
4,400 T

Dr
Dr
Du
Du
Dr
Dr
Dr

.............do............
4,360 T
On slope of valley....

3,930
4,220
4,360
4,330

T
T
T
T

501
200
180
177
180
172
1,005
80

8
6
6
8
6
6
6
6

430

71

108

22

60

40

6
6

366
18
20
200(?
280
130

6

5%
6

Dr
Dr

366

6
6

Dr
Dr

138
135

6
6

Quicksand.,

- - Draw.
4.330 T
4, 325 T

Measuring point
Use
of
water

Quality

Description

Height
above (+) or
below ( -)
land-surface
datum (ft)

Remarks

N. Mex. Continued

s
D.S
D,S
S

+0.70

c

S
S

A
S
S
D.S

Good

S

Good

...............do.............
...............do.............
...............do.............

+1.25
+.85
+1.85
+1.45
+1.50
+ .65

Do.

Weak well.
Three windmill wells at this location.

+.80

S
D.S
D.S .
S
D,S
D

+2.60
.....do....

+1.10

TX_MSJ_005631
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GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Table 13.

Records of wells principally above the valley floor of

Well
No.

Location no.

Field name

completed

Driller

Owner or name

Dona Ana County,
96
97
98
qq
100

ini

102
103
104
105
10fi
107
108
109
110
111

11?,

24.3.7.410
24.3.8.310
24.3.25.230
24.4.2.111
24.4.12.220
24.4.12.230
24.4.12.322
25. IE. 6.330
25. IE. 19. 240
25. 2E. 28. 220
25. 2E. 31. 130
25. 3E. 22. 120
25.2.12.240
25.2.30.320
25.3.2.220
25.3.10.240
25.4.10.120

113 25.4.22.110

Works well....... John Biggs.................... Zeke Mordyke...... 1929 (?)..
West Line........ H. S. Bissell...... .......... Bob Payne........... 1936......
..............do................
1941-42..
Phillips........... Phillips....................... E. H. Boone.. ...... 1934-35 ..
Strickland.. ......... 1936 (?)..
...............do............... E. H. Boone........ 1928 (?)..
1942 (?)..
...............do...............

1916......
1900......
1890 (?)..
1946......

...............do...............
Paul Price....................

Perry..............
R. T. ranch..... Johnson Bros.................

H. S. Bissell.................
Johnson Bros.................. Bob Payne........... 1947......
1900 (?)..
...............do...............

North well.
O. D. ranch,.... ...............do...............
South well.

114 26. IE. 18. 220
115 26. 2E. 17. 240

U. S. Grazing......
Service.

116 26. 2E. 31. 410
117 26. 3E. 9. 221
118 26. 3E. 11. Ill

...............do...............
Paul Price.................... .......................

1915......
1942......
1917......
July 1947
1943.......

Water level
No. Location no.

Depth to which
well is cased
(ft)

Below
land
surface (ft)

Date
of
measurement

Type
of
pump

Kind
of
power

Dona Ana County,

9fi 24.3.7.410
97 24.3.8.310
98 24.3.25.230
qq 9 A. A. 9 1 1 1
100 9 A. A. 19 990
101 24.4.12.230

0
170

94. A. 19 ^99

130

10?,

103
104
105
106
107
108
109
110

25. IE. 6. 330
25. IE. 19.240
25. 2E. 28. 220
25. 2E. 31. 130
25. 3E. 22. 120
oc 9 19 94.0
9C 9 on 090

100
360
185
398
217

Qfi ^1

1942 (?)..............
Mar. 25, 1948......
Feb. 11, 1947......
Sept. 16, 1942.....
Feb. 7, 1947........

91.28
120
300. 00+
375
104. 65

Apr. 29, 1947......

155
383

1947.. ......... ........

...........do..........
1942 (?).............
Feb. 11, 1947......

917
AAA O\

25.3.2.220

111 25.3.10.240
25.4.10.120
113 25.4.22.110
114 26. IE. 18. 220
115 26. 2E. 17.240
116 26. 2E. 31.410
117 OR 0.17 Q 991
118 26.3E.11. Ill

100+
169. 19
178.80
136. 56

30
437
338
148
50

300.00+
120
185.95
121.20
390
321
317
4
15

Feb. 11, 1947......
1947...................
Feb. 7, 1947........
...........do...........

1947

PI
PI
None

w

PI
PI
PI
PI
PI
PI

W.G
W
W,G
W
W,G
W

PI
PI
PI
PI

W,G
W,G
W
W

PI
PI
PI
PI
PI
PI
G
PI

w
w
w

TX_MSJ_005632
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the Rio Grande in Sierra and Dona Ana Counties, N. Mex. Continued

Topographic
situation

Altitude Type
above sea
of
level (ft) well

Principal water-bearing bed
DiamDepth
Depth Thicketer
Character
of well of well to top of ness
of
(ft)
(in.) bed (ft)
(ft)
material

N. Mex. Continued

On mesa................

4,315
4,325
4,550
4,320
4,320
4,310

T
T
T
T
T
T

4,210
4,160
3,920
4,. 170
3,980
4,225
4,280
4,480
4,420
4. 220

140
262

T
T
T
T
T
T
T
T
T
T

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

480
170
200 (?)
130
400+
400t
120
360
185
398
017
444
527
200

4
6
6
6
6
7
6
8
6
6
8
8
6

4. 170 T

Dr

300+

6

4.210 T
4.125T

Dr
Dr

4-10

4,125 T

Dr
J
Dr

338
148
50

3 860 T

340

6
7
265
140
140

30
60

170

15

200
506

17
21

6
6

400
320

40
20

8

317
148

21

2'/2

....... Do.

....

Do.

Sand.
Do.
Do.

4

Measuring point
Use
of
Quality
water

Description

Height
above (+) or
below (-)
land -surface
datum (ft)

Remarks

N. Mex. Continued

Weak well.

D.S
S

A
D
D.S
S
S
D.S
D.S

...............do.............

+1.50
+.75

...............do.............

+.45
+1.00

North well of 3 wells.
Southwesternmost of 2 wells.
Hit malpais; strong well.

Reported 10 to 12 gpm.
+ .75

Reported 5 to 7 gpm.

+1.10
+2.00
+.50

North well of 2 wells.

A

S
S .....do....
D,S .....do....
S
S
S
S

Bad

D.S

S
S
D
D.S

....do....
....do.....
....do....

Reported 18 gpm, drawdown 1 to 2 ft.
Reported 12 gpm, hardness 120 ppm.

TX_MSJ_005633
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GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Table 13. Records of wells principally above the valley floor of
Well
No.

Location no.

Field name

Driller

Owner or name

Date
completed

Dona Ana County,
Shell Norwood..... 1943......

119 26.1.4.320
120 26.1.4.410

1918.
121
122
123
124
125
12fi
127
128
129
130
131
132
133
134
135
13fi
137
138

26.1.16.330
26.1.25.410
26.1.25.410a
27. IE. 11. 330
27.1E. 11.330a
27.lE.ll.330b
27. IE. 17. 210
27. IE. 33. 130
27.1.8.340
27.1.26.430
27.1.32.120
27. 2. 2. 320
28. 2E. 24. 110
28.2E.24. HOa
28. 2E. 24. llOb
28. 2E. 31. 340
28. 3E. 3. 121
28. 3E. 5. 140

Headquarters New ..............do............... ..........do........... 1946......
..............do............... ..........do...........
1899......
1900......
Lanark No. 2...... ..............do...............
1900......
..............do...............
Lanark.............. Mrs. Annie Braidfoot..... Bob Payne.......... 1944......
..............do............... ...........do.......... 1941......
..............do...............
..............do...............
Little Hole well.. ..............do............... Shell Norwood.... 1910 (?)..
..............do............... Bob Payne.......... 1946......
1917......
1918......
..............do...............
1945......
..............do...............
1910 (?).,
1936......

Water level
No. Location no.

Depth to which
well is cased
(ft)

Below
land
surface (ft)

Date
of
measurernent

Type
of
pump

Kind
of
power

Dona Ana County,
119 26.1.4.320
1?,0 26.1.4.410

445
702

445
385

121

26.1.16.330
26.1.25.410
26.1.25.410a
27. IE. 11. 330
27.1E. 11.330a

445
450
450
950
615

406
450
430
365
365

...........do.........
...........do.........

126 27.lE.ll.330b

646

365

...........do..........

127
128
129
130

396 (?)
453 (?)

390
450

1944..................
1941..................

314 (?)

310
286. 39
280
400 (?)
342
340

122
123
124
125

27. IE. 17.210
27. IE. 33. 130
27.1.8.340
27.1.26.430

131 27.1.32.120
132 27.2.2.320
133 28. 2E. 24. 110

280
406
975

134 28.2E.24. HOa

705

135 28.2E.24. llOb
136 28. 2E. 31. 340

507
335

137 28. 3E. 3. 121
138 28. 3E. 5. 140

140
110

342
330
328
325
298.5
15
80-85
52.36

August 1918........
1947..................

PI
AL

G
S

PI
PI
PI

G
G
G

PI
PI

W.G

1899..................
1900..................

PI

W
W.G*

Mar. 7, 1947......
1917..................
1941..................
1918..................
1941..................
1945..................
May 6, 1947.......
1947..................

PI
PI
AL

Steam

AL

Steam

T
PI

W,G

C
PI

E
W

Aug. 28, i9'47*

TX_MSJ_005634
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the Rio Grande in Siena and Dona Ana Counties, N. Mex. Continued
Principal water-bearing bed
DiamAltitude Type Depth
eter Depth to ThickCharacter
above sea of
of well of well top of
ness
of
level (ft) well
(ft)
(in.) bed (ft)
(ft)
material

Topographic
situation

N. Mex. Continued

Depression in malpais.

......do...........
Depres si on in malpais.
On me

4,210 T
4,210 T

Dr
Dr

445
702

6
14

4,210
4,190
4,190
4,170
4,170
4,170
4,170
4.150
3,945
4,090
4,030
4,200
4,110
4,110
4,110
4,110
3,765
3,820

Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr
Dr

445
460
450
950
615
646
396
453

6
5
6
10
12
10
6
6

314
280
406
975
705
550
400
140
110

6
6
6
14
15
8(?)
7
2X
6

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

385

130 Fine sand.
Sand.

754
415
425

31
185

360
382

52 Sand.
101

325
140
100

75

Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.

10 Gravel.

Measuring point
Use
of
Quality
water

Description

Height
above (+) or
below (-)
land-surface
datum (ft)

Remarks

N. Mex. Continued

s

RR

Good
Poor
drawdown 15 ft.

Good
S
D,S .....do....
D.S ,....do....
A
A

ft. Well abandoned and covered.
A

.....do...

S
S
A
S

.....do...
Bad

ft. Well abandoned and covered.

Good
Good

+0.50

S
.....do...
S .....do...
Fair
RR
1,330 ftin 1907. Reported 30 gpm,
drawdown 110 ft.
RR .....do...
gpm, drawdown 120 ft. See analysis.

RR
S
D.S
D,S

+.30
Good
Top of casing............

.00

TX_MSJ_005635
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GROUND-WATER CONDITIONS, RINCON AND MESILLA VALLEYS

Table 13. ^Records of wells principally above the valley floor of
Well
No.

Location no.

Field name

Date
completed

Driller

Owner or name

Dona Ana County
139
140

29. IE. 6.110
29.1E. 8.210a Noria, well 2.....

141

29.1E. 8.210b

142 29. 3E. 12. 300
143 29. 4E. 7.440
144 29.2.6.230
Mt. Riley, well 2
145
146
147

29. 2. 12. 240
29.4.9.100
29.4.9.lOOa

Layne & Bowler, April......
1914.
Inc.
...............do.............. ..........do.......... Decembei
1916.
J. A. Wilson............... J. A. Wilson....... 1926.......
Archie Bond................ Archie Bond........ 1925 (?)..
Southern Pacific Co......

1914.
Potrillo....... ...... ...............do..............
Malpais, well 1... ...............do.............. W. McLees.. ....... 1903.......
1909.......
...............do..............

Well level
No. Location no.

Depth to which
well is cased
(ft)

Below
land
surface (ft)

Date
of
measurement

Type
of
pump

Kind
of
power

Dona Ana County,
139 29. IE. 6. 110
140 29.lE.8.210a

565

265
321

1914.................

PI
AL

141 29.1E. 8. 210b

560

320 (?)

1916..................

AT

142 29. 3E. 12. 300
143 29. 4E. 7.440
144 29.2.6.230

60
518

147.80
44.26
278
278

Aug. 28, 1947......
...........do..........
1914..................
^.941

PI
PI
PI

145 29.2.12.240
146 29.4.9.100

370

220
267

1903..................

147 29.4.9.100a

479

255

1909..................

TX_MSJ_005636
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W
W

195

RECORDS

the Rio Grande in Sierra and Dona Counties, N. M ex. Continued

Topographic
situation

Altitude
above sea
level (ft)

Principal water-bearing bed
DiamType Depth
Character
Depth Thicketer
of
of
of well of well to top of ness
(ft)
well
material
(ft)
(in.) bed (ft)

N. Mex. Continued

4,130 T
4,120 T

Dr
Dr

400
565

7
13

4,120 T

Dr

560

18

418

42

3,895 T
3,790 T
4,110 T

Dr
Dr
Dr

190
60
528

4
6
13

280

20

4,247 T
4,125 T
4,125 T

Dr
Dr
Dr

445
514

6
10

387

39

940

Measuring point
Use
of
Quality
water

Description

Height
above (+) or
below (-)
land -surf ace
datum (ft)

Remarks

N. Mex. Continued

s

RR

Water struck at 425 ft. Reported 20
gpm, drawdown 100 ft.
Water struck at 418 ft. Reported 23
gpm.

Poor

A
D,S
D
RR

A
A
A

..............do.............

+1.50
+2.00

,...do....
dissolved solids. Reported 22 gpm,
drawdown 100 ft. Original depth
715 ft.
See Water- Supply Paper 188, p. 40.
ported 18 gpm.
Water struck at 387 ft. Reported 5
gpm.
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Critics offederal reclamation believed, with Frederick H. Newell, that a breakdown in the characte~ of settlers had _doomed the national irrigation prom. No federal policy would work 1f farmers were unwilling to take regra
.
.
onsibility for their own d est.my.
sp Much to Mead's dismay, the most striden t opposition to his policies came
not from farmers in the eastern half of the nation but from the West. "Secretary Work is unwilling that we should have anything to do with legislation
in aid of [planned] settlem ent unless we know there is practically unanimous
support for it in the West," Mead noted in 1927. "We have advocated three
bills of that charac ter only to be ridiculed by western senators and congressmen. The Secretary is not willing to underg o that experience again."
Two years later Mead predic ted that "there will be no legislation this Congress, nor until the speculative elemen t in the West becomes convinced that
it is not possible to get money for new canals unless there is assurance that
the water will be used after they are built." Save for postponing or excusing
their debt to the nation al govern ment, most westerners opposed any change
in the Reclamation Act of 1902. 92
Herbert Hoover and his secreta ry of the interior, Ray Lyman Wilbur, applauded Mead's deman d that the states play a larger role in reclamation.
Wilbur proposed that the centra l govern ment relinquish control over the
two hundred million acres of remain ing unrese rved public land to
the states.
Instead of laying out additio nal reclam ation projects, the Reclamation Bureau should build dams and turn them over to the states- after the cost had
been repaid from sales of power and water. The states would excavate canals
and colonize the land. This propos al suggested that the federal government's
role 10
· the agricultural
· th e 193os
develo pment would be much smaller m
than 1·t had been .
.
h
m the first three decade s of the twenuet century. 93
In the early 1930s, federa l reclam ation hit rock bottom . Cultivated
acreage on th e govern
· 1921 to
ment proiec ts rose from 1.15 m1·11·10n acres m
l 6 m·11·
J
1
•
th
~d ion in 1930, and crop prices showe d a m?des~ increase m
0
e secin half of the 1920s. But when the depres sion hit, pnces plummeted, losa} 50 percent of their value betwee n 1930 and 193 2. In the la~ter year, the
er::ge value of crops fell to $20.69 an acre, the lowest in ~e history ~f fednurnbeclamation. Aband oned farms testified to the hard times. So did the
ico er of renters. On the Carlsb ad and Rio Grand e Projects, in New Mex' more th
ber e
an one-th ird of all farms were operat ed bYtenan ts ' and that numXceed d
.
• M ntana The Rec1ae 50 percen t on the Huntle y Projec
t, m O
•
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mat ion Bur eau 's inco me from repa yme nts
and oth er sou rces of revenue
drie d up. In 193 0, Elw ood Me ad pre dict
ed that the mod est ten-year constru ctio n pro gra m ado pted by the bur eau
in 192 7-a pro gra m that contem plat ed spe ndin g $80 mill ion to fini sh old
pro ject s and laun ch a few new
one s-w oul d now take at leas t fifte en year
s to com plet e. 94
Mea d con tinu ed to pus h for refo rm. His ann
ual rep ort for 193 0 summarize d his mai n goals. Wh ere possible, he wan
ted the pro ject s turn ed over to
wat er user s to redu ce the cost of adm inis trat
ion. (Th e Salt River and Minidoka
Pro ject s had cha nge d han ds in 191 7, and
by the end of the 192 0s the Reclamat ion Bur eau adm inis tere d only the Rio
Gra nde , Car lsba d, Yuma, Orland,
and Kla mat h Projects.) He also wan ted all
surveys of new proj ects , or extensions of old one s, to incl ude an eco nom ic app
rais al of the ben efit s outside the
pro ject bou nda ries . Suc h surveys wou ld give
the Rec lam atio n Bur eau data it
cou ld use in aski ng the states and loca l com
mun itie s for fina ncia l help. No
pro ject sho uld be und erta ken unle ss all wat
er user s sign ed bind ing contracts
to repa y thei r deb t to the gov ernm ent. Thi
s was par t of the Rec lam atio n Bureau 's atte mpt to move away from indi vidu
al con trac ts so that it cou ld negotiate exclusively with inst itut ions that repr
esen ted the farm ers, such as irrigati on districts. Mea d repe ated that the
only way to pro tect against land
spe cula tion -wh ich rob bed the bur eau of any
cha nce to pred ict wha t a project
wou ld cos t-w as for Congress to auth oriz e it
to pur cha se all surp lus land within
a pro pos ed proj ect. Finally, he urg ed Con
gres s not to mak e special appropria tion s for recl ama tion . Con stru ctio n exp
end itur es sho uld be restricted to
reve nue from sales of pub lic land s, oil roya
lties, repa yme nt of construction
costs, and prof its from hyd roel ectr ic power.
The only exc epti on was that in
the case of the mos t distressed gov ernm ent proj
ects, they sho uld be refinanced
usin g gov ernm ent fun ds- at 4 per cen t inte
rest to the farm ers. 95
The Gre at Dep ress ion add ed to the dile mm
as Me ad and the Reclamation
Bur eau had face d in the 1920s: how to bala
nce costs and benefits; how to
assist stat es desp erat ely in nee d of fede ral
aid with out wor sen ing conditions
on the exis ting proj ects ; how to mai ntai n
som e sem blan ce of ratio nal manage men t in a poli tica l system that enc our age
d waste, gree d, and shortsightedn ess; and how to plan for the futu re in a con
stitu tion al ord er that dispersed
rath er than con cen trat ed power. In a nati
on des pera tely seek ing work, how
cou ld the bur eau prev ent the app rov al of
unn ece ssar y proj ects whe n it had
bee n una ble to con trol wes tern poli ticia
ns dur ing the 1920s, a decade
kno wn- per hap s ina ccu rate ly-f or "fiscal
rest rain t"?
Fro m the beg inni ng of its life, the Rec lam
atio n Bur eau had tried t~ ~alanc e the com peti ng goa ls of ope nin g new
land to irrig atio n and providi~g
add itio nal wat er to land alre ady cult ivat ed.
Wh en dro ugh t hit the We st 10
192 9, a dro ugh t that in som e plac es last ed
unti l 193 5 or 1936, the cries for
sup plem enta l wat er bec ame shri ll in com
mun itie s scat tere d from the Cen-
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El Paso by Public Service Bd. v. Reynolds
United States District Court for the District of New Mexico
January 17, 1983
Civ. No. 80-730 HB
Reporter
563 F. Supp. 379 *; 1983 U.S. Dist. LEXIS 19988 **; 13 ELR 20755

THE CITY OF EL PASO, By and Through Its Public
Service Board, RAY PEARSON, CARLTON C. HOMAN,
JR., LOUIE GIALLANZA, CLINTON E. WOLF, and
THOMAS D. WESTFALL, Plaintiffs, v. S. E.
REYNOLDS, individually and as State Engineer of New
Mexico, JEFF BINGAMAN, individually and as Attorney
General of New Mexico, LALO GARZA, individually and
as New Mexico District Attorney for Dona Ana County,
Defendants, ELEPHANT BUTTE IRRIGATION
DISTRICT, THE CITY OF LAS CRUCES, NEW
MEXICO, and STAHMANN FARMS, INC., DefendantIntervenors

Core Terms
Compact, groundwater, apportion, river, embargo,
waters, irrigated, surface water, export, Basin,
apportionment, delivery, parties, commerce clause,
hydrologically, defendants', intervenors, transportation,
contracts, shortage, surface, water supply, regulation,
Reservoir, acre-feet, connected, rights, interstate
commerce, water use, appropriators

Overview
The municipality challenged N.M. Stat. Ann. § 72-12-19
as an unconstitutional violation of the Commerce Clause
and sought an injunction. N.M. Stat. Ann. § 72-12-19
prohibited the export of water from the state for the use
of other states. The state contended that the statute was
enforceable as a protection for its citizens. The court
found that the statute was unconstitutional and therefore
unenforceable. The court found that the foreign state
could not show that it was acting in response to an
immediate need or crisis that would have required such
a limitation of the use of water. The court found that
while the scarcity of water in the region may have
justified limited, non-discriminatory burdens on interstate
commerce, it could not support a total ban on interstate
transportation of ground water. The court granted an
injunction in favor of the municipality's position.

Outcome
The court enjoined the municipality from enforcement of
the statue in question.

Case Summary
Procedural Posture
Plaintiffs municipality and select residents brought an
action against defendants foreign state and select
officers and challenged the constitutionality of N.M. Stat.
Ann. § 72-12-19. Numerous concerned parties became
defendant intervenors.

LexisNexis® Headnotes

Energy & Utilities Law > Discovery, Exploration &
Recovery > Exploration Obligations & Rights
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Governments > State & Territorial
Governments > Boundaries

Governments > State & Territorial
Governments > Property > Water Rights

Energy & Utilities Law > Discovery, Exploration &
Recovery > General Overview

Transportation Law > Interstate
Commerce > Balancing Tests

Energy & Utilities Law > Oil & Petroleum
Products > General Overview

Transportation Law > Carrier Duties &
Liabilities > Embargos

Governments > State & Territorial
Governments > Property > Water Rights
HN1[ ]
Discovery, Exploration
Exploration Obligations & Rights

&

HN3[

Recovery,

No person shall withdraw water from any underground
source in New Mexico for use in any other state by
drilling a well in New Mexico and transporting the water
outside the state or by drilling a well outside the
boundaries of New Mexico and pumping water from
under lands lying within the boundaries of New Mexico;
provided that nothing in this act prohibits the
transportation of water by tank truck from an
underground source in New Mexico to any other state
where the water is used for exploration and drilling for
oil or gas. The amount of water withdrawn from any one
well for such exportation shall never exceed three acrefeet. N.M. Stat. Ann. § 72-12-19.

] Property, Water Rights

In the absence of federal regulation, the states are not
precluded from regulating either their water resources or
interstate commerce in water. The validity of state
statutes affecting interstate commerce in water is
determined through application of the following
standard. Where the statute regulates evenhandedly to
effectuate a legitimate local public interest, and its
effects on interstate commerce are only incidental, it will
be upheld unless the burden imposed on such
commerce is clearly excessive in relation to the putative
local benefits. If a legitimate local purpose is found, then
the question becomes one of degree. And the extent of
the burden that will be tolerated will of course depend
on the nature of the local interest involved, and on
whether it could be promoted as well with a lesser
impact on interstate activities.

Governments > State & Territorial
Governments > Licenses

Governments > State & Territorial
Governments > Property > Water Rights

Real Property Law > Water Rights > Beneficial Use
HN2[

] Property, Water Rights

Preamble: The state of Colorado, the state of New
Mexico and the state of Texas, desiring to remove all
causes of present and future controversy among these
states and between citizens of one of these states and
citizens of another state with respect to the use of the
waters of the Rio Grande above Fort Quitman, Texas,
and being moved by considerations of interstate comity,
and for the purpose of effecting an equitable
apportionment of such waters, have resolved to
conclude a compact for the attainment of these
purposes, Article XI: New Mexico and Texas agree that
upon the effective date of this compact this section all
controversies between said states relative to the
quantity or quality of the water of the Rio Grande are
composed and settled. N.M. Stat. Ann. § 72-15-23.

Governments > State & Territorial
Governments > Property > Water Rights
Real Property Law > Water Rights > General
Overview
HN4[

] State & Territorial Governments, Licenses

The State Engineer has the responsibility for measuring,
appropriating and distributing the public waters of the
state. N.M. Stat. Ann. § 72-2-1. In a declared
underground basin, would-be appropriators must apply
to the State Engineer for a permit. He may grant the
permit only if he finds that there are unappropriated
waters available and that existing water rights would be
unimpaired. N.M. Stat. Ann. § 72-12-3. The State
Engineer monitors withdrawals from non-rechargeable
aquifers to ensure that they have a reasonable life.

Christina Garro

TX_MSJ_005865

Page 3 of 13
563 F. Supp. 379, *379; 1983 U.S. Dist. LEXIS 19988, **19988

Opinion
Counsel: [**1] Vinson & Elkins, Harry M. Reasoner,
Charles L. Berry, P.M. Schenkkan, Jeffrey Civins,
Charles W. Schwartz, Houston, Texas, Scott, Hulse,
Marshall & Fueille, James L. Gallagher, El Paso, Texas,
Hinkle, Cox, Eaton, Coffield & Hensley, Harold L.
Hensley, Jr., K. Douglas Perrin, Roswell, New Mexico,
John E. Keithly, Anthony, New Mexico - Texas, For
Intervenor, The Town of Anthony, Texas, Gerald J.
Smith, City Attorney, El Paso, Texas, For Intervenor, the
Town of Anthony, Texas, Pete Schenkkan, Vinson &
Elkins Austin, Texas, Co-Counsel for pltfs., Paul L.
Bloom, Washington, District of Columbia, Co-Counsel
for pltfs., Booker Kelly, White, Koch, Kelly & McCarthy
Pennsylvania, Santa Fe, New Mexico, for Plaintiffs.
Stephen D. Dillon, Jeffrey L. Fornaciari, Richard A.
Simms, Special Assistant Attorney General, Douglas
Meiklejohn, Assistant Attorney General, Water
Resources Division, Santa Fe, New Mexico, for
defendants.
John E. Keithly, Gerald J. Smith, Anthony, New Mexico,
for Intervenor, town of Anthony, Texas.
Steve Hernandez, Stephen A. Hubert & William L. Lutz,
Martin, Martin, Lutz & Cresswell, P.A., Las Cruces, New
Mexico, For Intervenor Elephant Butte Irrigation District
& Lalo Garza.

[**2] Robert B. Kelley, Frank N. Chavez, Deputy City
Attorneys, City of Las Cruces, Las Cruces, New Mexico,
For The City of Las Cruces Intervenor.
Ralph M. Richards, William Bivins, Bivins, Weinbrenner,
Richards & Paulowsky P.A., Las Cruces, New Mexico,
For Stahman Farms, Inc. Intervenor & Lalo Garza.

Judges: Bratton, Chief Judge.

[*380] MEMORANDUM OPINION
This case raises the question of the constitutionality of
New Mexico's prohibition of the out-of-state export of
ground water referred to by the parties as "the New
Mexico ground water embargo." Trial of the factual
issues has been held at which the parties introduced the
testimony of witnesses and numerous exhibits. In
addition, a supplementary hearing was held at which the
parties presented evidence in light of the decision of the
Supreme Court in Sporhase v. Nebraska, 458 U.S. 941,
102 S. Ct. 3456, 73 L. Ed. 2d 1254 (1982).
BACKGROUND
The Rio Grande River has its source in Colorado, flows
through New Mexico, and forms the international
boundary between Texas and Mexico before
discharging into the Gulf of Mexico. Elephant Butte
Reservoir sits astride the Rio Grande in New Mexico,
approximately [**3] 100 miles north of the Texas
border, and impounds water for the use of irrigators
within the Rio Grande Project (hereinafter "the Project"),
a
federal
reclamation
project
that
services
approximately 159,000 acres of land in New Mexico and
Texas. Two large aquifers known as the Hueco and
Mesilla Bolsons underlie portions of southern New
Mexico, western Texas and the Republic of Mexico.
The Lower Rio Grande Underground Water Basin
consists of that part of the Mesilla Bolson in New Mexico
declared by the New Mexico State Engineer, 1 thereby
giving him regulatory jurisdiction over the acquisition of
waters within the basin. The Hueco Underground Water
Basin comprises that part of the Hueco Bolson in New
Mexico similarly declared by the New Mexico State
Engineer.
Plaintiff City of El Paso, [**4] with a population of
approximately 450,000, is located on the Rio Grande in
western Texas bordering the State of New Mexico. The
individually named plaintiffs are residents of El Paso.
The New Mexico State Engineer, the New Mexico

1 The

Opinion by: BRATTON

State Engineer can declare underground waters to be
public waters, thereby bringing them under his control and
supervision, if he finds that they have reasonably
ascertainable boundaries. § 72-12-1 N.M.Stat.Ann. (1978).
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Attorney General and the District Attorney for Dona Ana
County, New Mexico, are the state officials responsible
for enforcing New Mexico laws regulating surface and
ground waters. N.M. Stat. Ann. § 72-12-21 (1978).
Three parties have been granted leave to intervene as
defendants.
Defendant-Intervenor Elephant Butte
Irrigation District (EBID) is an irrigation district
incorporated and organized under New Mexico law to
cooperate with the United States in the administration
and distribution of irrigation water to member users
within its boundaries pursuant to federal reclamation
law. Specifically, the EBID has the responsibility of
delivering water from the Rio Grande Project to the New
Mexico recipients of the Project water. DefendantIntervenor City of Las Cruces, New Mexico, is located
on the Rio Grande River in southern New Mexico and is
the second largest water user of the Lower Rio Grande
Basin. Defendant-Intervenor Stahmann Farms, Inc., is
a [**5] New Mexico corporation conducting farming
operations within the EBID. It utilizes [*381] surface
water from the Rio Grande Project and ground water
from the Lower Rio Grande Basin for its crop
production.
Water in the Southwest is a scarce natural resource.
The availability of water, therefore, is critical to the
economic development of both the municipal and
agricultural communities in southern New Mexico and El
Paso. El Paso now obtains its water supply from the
surface waters of the Rio Grande and wells in the
Hueco and Mesilla Bolsons in Texas. These sources of
supply will be insufficient to meet the city's future needs,
and it must arrange alternative water supplies to support
its growing population and stimulate economic growth.
The city has concluded that the most appropriate water
sources are the Hueco and Mesilla Bolsons in New
Mexico just across the state line. Accordingly, El Paso
filed with the New Mexico State Engineer, pursuant to §
72-12-3 N.M.Stat.Ann. (1978), 326 applications for
permits to appropriate up to 296,000 acre-feet of water
annually from the Lower Rio Grande and Hueco Basins.
The State Engineer denied all 326 applications on the
ground that [**6] Article XVI, §§ 2 and 3 of the New
Mexico Constitution precludes utilization of New Mexico
ground water outside the borders of the state.
El Paso also owns a tract of land which straddles the
New Mexico-Texas border and, as a New Mexico
landowner, it can obtain a permit to appropriate ground
water from its New Mexico land for domestic use
pursuant to § 72-12-1 N.M.Stat. Ann. (1978). The city is
prepared to use this water on its adjoining land in

Texas. In addition, plaintiff Wolf has contracted to
purchase New Mexico ground water for use on
neighboring land he owns in Texas. Finally, plaintiffs
contracted to purchase two thousand gallons of water
from a New Mexico company that produces water from
the Lea County Underground Basin in eastern New
Mexico. Unlike the other sources from which plaintiffs
propose to export water to El Paso, the Lea County
Basin is not hydrologically connected to the Rio Grande.
(The parties dispute whether this contract was revoked,
but in view of the court's disposition of the merits it is
irrelevant.)
A New Mexico statute which, with minor exceptions,
expressly prohibits the transport of ground water from
New Mexico for use in another state 2 is [**7] an
absolute barrier to plaintiffs' use of ground water drawn
from wells in New Mexico. Plaintiffs here seek both a
declaration that New Mexico's ground water embargo is
unconstitutional, whether it derives from the state
constitution or N.M.Stat.Ann. § 72-12-19 (1978), and an
injunction against its enforcement. As grounds therefor
plaintiffs contend that the embargo violates the
Commerce Clause of Article I of the United States
Constitution.
[**8] JURISDICTIONAL ISSUES
Before addressing the merits it is necessary to dispose
of several jurisdictional arguments raised by the
defendants and intervenors. Defendants maintain that
the court cannot rule on the constitutionality of the
embargo because of a jurisdictional flaw. At different
stages in these proceedings they have articulated their
argument in terms of standing, justiciable controversy,
the Eleventh Amendment and indispensable parties.
As a foundation for the argument, defendants claim that

2 In

pertinent part the statute reads:

HN1[ ] No person shall withdraw water from any
underground source in New Mexico for use in any other state
by drilling a well in New Mexico and transporting the water
outside the state or by drilling a well outside the boundaries of
New Mexico and pumping water from under lands lying within
the boundaries of New Mexico; provided that nothing in this
act prohibits the transportation of water by tank truck from an
underground source in New Mexico to any other state where
the water is used for exploration and drilling for oil or gas. . . .
The amount of water withdrawn from any one well for such
exportation shall never exceed three acre-feet.
§ 72-12-19 N.M.Stat.Ann. (1978).
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it is the Rio Grande Compact, not § 72-12-19, which is
the true obstacle to El Paso's export of New Mexico's
ground water. Thus, a decision on the constitutionality of
the statute without adjudication [*382] of the Compact
issue would be advisory only and would not settle the
controversy. By defendants' concession, the argument
depends on the validity of three factual assertions: (1)
all of the waters in which El Paso has asserted an
interest are Rio Grande waters; (2) the Rio Grande
Compact apportions the surface waters of the Rio
Grande between the states of New Mexico and Texas
and controls the use of hydrologically related ground
water; and (3) any taking of ground [**9] water is
ultimately fully reflected in the flow of the river.
From this defendants then conclude that any withdrawal
of ground water hydrologically connected with the Rio
Grande will effect a reapportionment of the river
between Texas and New Mexico, while the Compact
can be amended properly only by agreement of the
parties thereto or in an original action in the Supreme
Court. The Compact, thus, would bar plaintiffs' asserted
interests in the ground water in the Lower Rio Grande
and Hueco Basins, forever preventing those interests
from materializing and depriving plaintiffs of standing to
challenge the constitutionality of the embargo statute.
As a corollary, because the State Engineer could not
recognize a water right that would undermine the
Compact appropriation, he would not have occasion to
enforce § 72-12-19, and the Ex Parte Young, 209 U.S.
123, 52 L. Ed. 714, 28 S. Ct. 441 (1908), exception to
the Eleventh Amendment is inapplicable.
Having advanced the proposition that the court must
address the Rio Grande Compact, defendants then
point out that the parties to the Compact -- the United
States and the states of Colorado, New Mexico and
Texas -- are indispensable to [**10] its construction. Of
course, the United States cannot be joined without its
consent, and the Eleventh Amendment bars joinder of
the states.
If the court declines to construe the
Compact in the absence of the signatories, defendants
insist that the entire action must be dismissed because,
coming full circle, it is really the Compact that bars the
export of the water El Paso seeks. Therefore, a
decision on the constitutionality of the statute would be
academic.
Defendants' jurisdictional argument suffers from many
defects aside from its sheer complexity. First, as
discussed below, the Rio Grande Compact does not
apportion the surface waters of the Rio Grande below
Elephant Butte between New Mexico and Texas.

Second, even assuming the Compact protects surface
water rights within the Rio Grande Project from
impairment through pumping of hydrologically
connected ground water, pumping can still be permitted.
The State Engineer need only condition ground water
permits to require offsets of the effects on the river
through return flows or retirement of prior surface and/or
ground water rights. Over 10,000 acres of land outside
the Project are currently irrigated with Mesilla
Bolson [**11] ground water; the retirement of these
water rights would not alter the distribution of the water
within the Project. The State Engineer can deal with
these issues of impairment of Project rights and any
required offsets in the state administrative well permit
proceedings. § 72-12-3 N.M. Stat. Ann. (1978).
Finally, under Federal Rule of Civil Procedure 19 the
Compact signatories are not indispensable parties. Not
being parties to this action, they are not bound by the
judgment herein.
Although both defendants and
intervenors urge dismissal under Rule 19, neither have
demonstrated that plaintiffs have an adequate
alternative remedy. In fact, if this action is dismissed for
lack of indispensable parties, plaintiffs will be unable to
challenge the constitutionality of New Mexico's ground
water embargo by any other proceeding.
Intervenors
make
two
additional
jurisdictional
arguments. They first assert that El Paso's attempt to
appropriate the public waters of New Mexico is an
action against the state itself which is barred by the
Eleventh Amendment.
The Supreme Court, in
Sporhase v. Nebraska, expressly held that a state's
espoused ownership of water is a legal fiction.
102 [**12] S. Ct. at 3462. Furthermore, plaintiffs seek
only prospective relief as permitted under Ex Parte
Young, 209 U.S. 123, [*383] 52 L. Ed. 714, 28 S. Ct.
441 (1908) and Quern v. Jordan, 440 U.S. 332, 59 L.
Ed. 2d 358, 99 S. Ct. 1139 (1979).
Intervenors once again raise the argument that the
United States, Texas and New Mexico are
indispensable parties, since any ground water El Paso
takes from the Lower Rio Grande or Hueco Basins will
affect surface flows apportioned among Texas, New
Mexico and Mexico. The court has ruled on this
argument before. Memorandum Opinion at 2 (July 8,
1981). Plaintiffs do not here ask for water or water
rights; the decision in this case will not result in an
appropriation of New Mexico ground water by El Paso.
The sole issue in this suit is the validity of New Mexico's
ban on the export of ground water.
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THE RIO GRANDE COMPACT
As discussed above, defendants have consistently
maintained that the paramount obstacle to El Paso's
export of New Mexico ground water is the Rio Grande
Compact of 1938, 53 Stat. 785 (1939), because any
ground water pumping by El Paso would take surface
water apportioned to New Mexico under the Compact.
Intervenors [**13] contend that the embargo statute
merely implements the apportionment incorporated in
the Compact and therefore cannot be deemed in
contravention of the Commerce Clause.
Both facets of the Compact defense hinge entirely on
the validity of two factual contentions: that the Compact
(1) apportions the surface waters of the Rio Grande
between New Mexico and Texas below Elephant Butte
and (2) controls the use of hydrologically related ground
water. In regard to the first contention, defendants argue
that the words of the Compact as well as its history
dictate the conclusion that the Compact effects an
apportionment between New Mexico and Texas. The
words on which defendants rely are contained in the
preamble and Article XI; 3 the history follows.
[**14] In 1905 Congress authorized the construction of
a dam on the Rio Grande to provide for the irrigation of
lands in New Mexico and Texas as well as to enable the
nation to meet forthcoming treaty obligations to Mexico.
4 Act of Feb. 25, 1905, 33 Stat. 814.
On
recommendation of the Reclamation Service the dam
was constructed at Elephant Butte, 100 miles north of

3 HN2[

] Preamble: "The state of Colorado, the state of New
Mexico and the state of Texas, desiring to remove all causes
of present and future controversy among these states and
between citizens of one of these states and citizens of another
state with respect to the use of the waters of the Rio Grande
above Fort Quitman, Texas, and being moved by
considerations of interstate comity, and for the purpose of
effecting an equitable apportionment of such waters, have
resolved to conclude a compact for the attainment of these
purposes, . . ."
Article XI: "New Mexico and Texas agree that upon the
effective date of this compact [this section] all controversies
between said states relative to the quantity or quality of the
water of the Rio Grande are composed and settled; . . ."
§ 72-15-23 N.M.Stat.Ann. (1978).
4 Pursuant

the New Mexico-Texas border, and the Rio Grande
Project was born. Irrigation districts were formed to
operate and maintain the irrigation works in the two
states: the Elephant Butte Irrigation District in New
Mexico and the El Paso County Water Improvement
District No. 1 in Texas. The two irrigation districts and
the Reclamation Service entered into water contracts for
the irrigation of approximately 66,650 acres of land in
Texas and 88,350 acres in New Mexico. This ratio of
irrigated lands -- 57% in New Mexico and 43% in Texas
-- has remained constant.
[**15] Increasing diversions of the Rio Grande in
Colorado decreased the flow of the river above Elephant
Butte in the 1920's, resulting in the appointment of a
commission comprised of representatives from
Colorado, New Mexico, Texas and the United States to
apportion the waters of the river. The Rio Grande
Compact of 1929, 46 Stat. 767 (1930), was the first
product of this commission. An interim measure, it
maintained [*384] the status quo on the river pending
the negotiation of an ultimate compact and directed the
state and federal commissioners to conclude an
apportionment of the Rio Grande on the basis of the
uses then existing in each state.
In 1938 the commission proceeded to apportion the
waters of the river on the basis of detailed hydrologic
information derived from extensive investigations of the
river flow and use of the water which had been made by
the Water Resources Committee. Under the resulting
Rio Grande Compact of 1938, Colorado is obligated to
make its delivery of water at the Colorado-New Mexico
state line. Article III. In contrast, New Mexico is
obligated to make delivery not at the New Mexico-Texas
state line but "into Elephant Butte Reservoir." 5
Article [**16] IV. The Commission calculated that
compliance by Colorado and New Mexico with the
delivery schedules set forth in Articles III and IV would
permit an average normal release from Elephant Butte
Reservoir of 790,000 acre-feet per year, an amount
sufficient to irrigate the Project lands in New Mexico and
Texas and to honor the United States' obligation to
Mexico.
On the basis of these undisputed historical facts
defendants argue that the Rio Grande Compact of 1938

5 New

to its convention with Mexico concluded May 21,
1906 (34 Stat. 2953), the United States is obligated to deliver
to Mexico 60,000 acre feet of water annually, in the bed of the
Rio Grande above the city of Juarez, Mexico.

Mexico's delivery obligation into Elephant Butte
Reservoir is set forth in a complex schedule of deliveries that
is based on the relationship between the amount of water in
the Rio Grande above the principal agricultural areas in New
Mexico and the inflow to Elephant Butte.
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apportioned the waters of the Rio Grande between New
Mexico and Texas below Elephant Butte.
The
significance of this argument becomes apparent only in
light of the second contention defendants advance,
which is that the Compact controls the use of ground
water
hydrologically [**17]
connected
to
the
apportioned surface water.
With the exception of the tankful of water plaintiffs
contracted to purchase from Lea County, all the water
which plaintiffs are prepared to export is hydrologically
connected to the Rio Grande. Because the Rio Grande
is a "losing stream" which feeds into the underlying,
connected ground water, any withdrawal of ground
water will eventually be reflected in depletion of the
surface flow of the river.
The New Mexico State Engineer administers
interrelated surface and ground waters as an integral
unit. It is defendants' contention that to authorize any
withdrawal of ground water connected to the Rio
Grande without impairing prior vested surface water
rights, particularly those of the irrigators in the EBID, the
State Engineer would have to require the retirement of a
comparable amount of existing surface use.
Defendants predict that approval of all plaintiffs'
applications would result in the complete demise of
surface irrigation in the Rio Grande Project, both in New
Mexico and Texas. Their particular objection, however,
is to the retirement of any water rights within the EBID
on the ground that this would be tantamount to a
reapportionment [**18]
of the Rio Grande in
contravention of the Compact.
As stated at the outset, the success of defendants' Rio
Grande Compact defense depends on the validity of two
factual assertions: that the Compact (1) apportions the
surface water of the Rio Grande between New Mexico
and Texas and (2) controls the use of ground water
hydrologically connected to the River. This court is
unable to accept either. Neither the history of the
Compact negotiations, the ultimate terms of the
Compact, nor the defendants' subsequent interpretation
and actions support the conclusion that the parties to
the agreement intended it to apportion either the surface
water of the river or the related ground water below
Elephant Butte between New Mexico and Texas.
Defendants argue that it was impracticable to require
delivery of Texas' equitable share of the water at the
New Mexico-Texas state line because of the existence
of Elephant Butte Reservoir 100 miles north of that line,
which provided water for the entire Rio Grande Project

spanning both states. They assert that the Compact
negotiators [*385] availed themselves of the facilities
at hand -- the existing works of the Project -- and relied
on the United [**19] States Bureau of Reclamation as
administrator of the Project to effectuate the
apportionment between the states which is implicit in the
Compact. Because the Compact itself nowhere
enumerates the amount of Texas' equitable
apportionment, defendants in turn rely on the initial
contracts between the Reclamation Service and the
irrigation districts to define the amounts of water
allegedly apportioned to each state.
Defendants
conclude that the division by the Project Administrator of
the water stored in Elephant Butte Reservoir between
the 88,650 irrigated acres in New Mexico and 66,350
acres in Texas, or 57% to New Mexico and 43% to
Texas, defines the states' respective entitlements.
It is unnecessary to accept defendants' labyrinthian
argument for full meaning to be given to the words and
history of the Compact. The preamble states that the
purpose of the Compact is to effect an equitable
apportionment of the waters of the Rio Grande; that it
did. Article XI states that the Compact composed and
settled all controversies between New Mexico and
Texas relative to the quality and quantity of the water of
the Rio Grande; this it also did. However, it did not
apportion any specified [**20] amount of water to Texas
below Elephant Butte.
Defendants concede that the Compact does not literally
apportion the Rio Grande between New Mexico and
Texas and that no language in the Compact expressly
assigns any amount of water to the state of Texas.
Indeed, on its face the Compact simply apportions the
water of the river first between Colorado and the
downstream states; it then apportions the remaining
water between the New Mexican appropriators above
Elephant Butte and the New Mexican, Texan and
Mexican appropriators below Elephant Butte. While
Colorado is required to make a scheduled delivery of
water annually at the Colorado-New Mexico state line,
New Mexico is not required to deliver anything at the
New Mexico-Texas state line. New Mexico's only
delivery obligation is set forth in Article IV of the
Compact, which designates Elephant Butte Reservoir as
the point of delivery.
The history of the Compact indicates that the real
bargaining positions were taken by Colorado, the Middle
Rio Grande Conservancy District water users
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represented by New Mexico 6 and the Rio Grande
Project water users represented by Texas. Jenkins,
Myra Ellen, The Rio Grande Compact of 1938 (to [**21]
be published, 1982), pp. 51-56. Texas found itself in the
position of protecting water rights of all the lands in the
Project and, consequently, the users in the New Mexico
section of the Project supported Texas' stance rather
than New Mexico's. Id., p. 52. See also Hill, R.,
Development of the Rio Grande Compact of 1938, pp.
17-18.
This alignment is also reflected in the statements of the
views of the states of New Mexico and Texas delivered
by their respective commissioners at the September 28,
1937 meeting of the Compact Commission.
Mr.
McClure, the New Mexico Commissioner, presented the
New Mexico position:
New Mexico is willing to negotiate with Colorado
and Texas for a permanent [**22] compact to
equitably distribute the waters of the Rio Grande
among the states on the basis of the following
minimum requirements for the State of New
Mexico:
....
Second: New Mexico is willing to negotiate with the
State of Texas as to the right to the use of water
claimed by citizens of Texas under the Elephant
Butte Project on the basis of fixing a definite
amount of water to which said project is entitled.
Provided, however,
[*386]
that upon the
completion of the All-American Diversion Dam and
canal, Mexico shall be limited strictly to treaty
provision of 60,000 acre-feet per annum for use in
the Republic of Mexico.
Mr. Clayton presented the Texas position:
Although the State of Texas feels that it should
share in the benefits from new works for the
augmentation of the water supply of the Rio
Grande, it will not insist thereon, provided that the
States of Colorado and New Mexico will release
and deliver at San Marcial a supply of water
sufficient to assure the release annually from
Elephant Butte Reservoir of 800,000 acre-feet of

6 The

Middle Rio Grande Valley of New Mexico is the 160 mile
stretch of the river between Cochiti Dam and Elephant Butte
Reservoir. Water appropriators in this section of the river are
organized into the Middle Rio Grande Conservancy District, a
corporation and political subdivision of the state of New
Mexico.

the same average quality as during the past ten
years, or the equivalent of this quantity if the quality
of the supply [**23] is altered by any developments
upstream.
Proceedings of the Meeting of the Rio Grande Compact
Commission, pp. 12-13 (Sept. 28, 1937).
Prior to the filing of this lawsuit the State Engineer
publicly enunciated the position he now repudiates. In
1956 he delivered a paper at the New Mexico College of
Agricultural & Mechanical Arts wherein he stated, "The
compact does not, in fact, apportion the waters between
New Mexico and Texas, but rather between the water
users in New Mexico above Elephant Butte on one hand
and the water users in Texas and New Mexico below
Elephant Butte on the other hand." The State Engineer
never contradicted this statement until defendants
began formulating their defense to El Paso's complaint
in the case at bar.
The state of New Mexico also took the position that the
Compact does not apportion the Rio Grande between
New Mexico and Texas in a motion and brief submitted
to the United States Supreme Court in Texas v. New
Mexico, Original No. 9. In a Motion for Return to Rule
the state of New Mexico made the categorical
statement: "The Rio Grande Compact makes no
apportionment of the use of such waters between the
States of Texas and New Mexico." Motion [**24] for
Return to Rule at 5. New Mexico told the Supreme
Court that,
In view of the fact that there are in New Mexico
over 85,000 acres of land below Elephant Butte
which are watered from the Rio Grande, it cannot
be said that the obligation imposed on New Mexico
to make certain scheduled deliveries at San
Marcial, 165 miles north of the New Mexico-Texas
state line, is an apportionment of the waters of the
Rio Grande between the states of Texas and New
Mexico.
Brief in support of Return to Rule at 8.
Other statements of the same import are scattered
throughout the Brief in Support of the Return to Rule.
Defendants claim that the Supreme Court rejected New
Mexico's position in the Motion for Return to Rule and
on two other occasions. Texas v. New Mexico, 343
U.S. 932, 96 L. Ed. 1341, 72 S. Ct. 767 (1952); Texas v.
New Mexico, 308 U.S. 510, 84 L. Ed. 435, 60 S. Ct. 118
(1939); Texas v. New Mexico, 352 U.S. 991, 1 L. Ed. 2d
540, 77 S. Ct. 552 (1957). None of these rulings contain
or constitute a decision as to the proper interpretation of
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the Rio Grande Compact.
The Compact apportions the river by requiring New
Mexico to make deliveries at Elephant Butte [**25]
according to a quantified in-flow, out-flow schedule.
This is the apportionment sought by New Mexico and
Texas in the Compact negotiations.
This is the
apportionment that defines the respective rights of the
two states and that Texas has a right to enforce. Texas
v. New Mexico, 343 U.S. 932, 96 L. Ed. 1341, 72 S. Ct.
767 (1952). Contrary to defendants' contention, a
decision that the Compact does not apportion the river
below Elephant Butte does not mean that New Mexico,
having made its delivery, could undermine it by pumping
down the surface flow of the river below the point of
delivery. This opinion does not address that issue at all.
Defendant-Intervenors take a slightly different tack.
Bowing to the plain meaning of the Compact, they
concede that it does not apportion the waters of the river
below Elephant Butte. Like the defendants, however,
intervenors also rely on the Project's division of the
waters released from Elephant Butte to effect an
apportionment [*387] not effected by the Compact.
They contend that Texas is entitled only to that amount
of water which is allocated to Texas lands by the Project
Administrator.
Acceptance of intervenors' argument would [**26]
require the further acceptance of a corollary not
expressly enunciated by them, i.e., that the contracts
between the Bureau of Reclamation and the farmers in
the two irrigation districts effected an equitable
apportionment of the waters of the river below Elephant
Butte which is binding on the states of Texas and New
Mexico.
Although Congress can authorize the
Secretary of the Interior to allocate interstate waters
among states via contracts for water stored in federal
reservoirs, the circumstances which led the Supreme
Court to conclude that Congress had done just that in
Arizona v. California, 373 U.S. 546, 10 L. Ed. 2d 542, 83
S. Ct. 1468 (1963) were vastly different from those at
hand.
The court in Arizona v. California relied on the legislative
history of the Boulder Canyon Project Act which clearly
indicated that Congress intended the Secretary to
allocate the waters of the Colorado River among the
states of Arizona, California and Nevada through his
contracts with water users in those states. 373 U.S. at
580. Congress not only enumerated the amounts of the
respective allocations to each state, it set standards for,
and
placed
significant
limitations
on,
the

Secretary's [**27] power to distribute the waters. 373
U.S. at 584. The Court also found that the provisions of
the Act provided the machinery by which the Secretary
could accomplish the apportionment it had so plainly
authorized. 373 U.S. at 579.
With the Boulder Canyon Project Act, Congress thus
authorized the Secretary to effect an apportionment
through contracts for reclamation water. The Secretary
then proceeded to allocate the water in accordance with
his congressional authorization. Intervenors do not
argue that Congress intended, in the Act of 1905
authorizing the Rio Grande Project, to force an
allocation of the Rio Grande upon Texas and New
Mexico as a consequence of the Secretary's contracts
with the farmers in the Project. There is, in fact, nothing
in that act even remotely analogous to the provisions of
the Boulder Canyon Project Act which led the Supreme
Court to find congressional authorization of the
Secretary's apportionment. There is simply no basis for
the argument that the Secretary's contracts with the
Project water users effected an equitable apportionment
binding on Texas and New Mexico.
Where the court to find that the Rio Grande Compact
apportions the river below Elephant [**28] Butte, the
Compact defense still would fail if that apportionment
did not control the use of hydrologically connected
ground water. There is a hydrological connection
between the surface flow of the Rio Grande and the
ground water in the Hueco and Mesilla Bolsons. But the
Compact makes no mention of ground water. The
United States Bureau of Reclamation, manager of the
Rio Grande Project, has never counted ground water
used by irrigators within the EBID as part of the Project's
water supply.
Even more telling is the fact that, prior to the filing of this
suit, defendants never took the position that the
Compact apportioned hydrologically connected ground
water. The State Engineer did not even declare the
Lower Rio Grande and Hueco Underground Basins until
after El Paso filed its complaint. Prior to that time, there
was no conjunctive management of the ground water in
these basins and the surface water of the Rio Grande.
Between the signing of the Compact in 1938 and the
filing of this suit, thousands of wells were drilled into the
Mesilla Bolson and up to 185,000 acre-feet of water per
year were withdrawn, including the entire water supply
for the City of Las Cruces. Yet no [**29] one ever
claimed before now that these wells violated the
Compact.
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This is not to say that the State Engineer cannot or
should not conjunctively manage the surface and
ground water in the Lower Rio Grande system. If he
does, however, he must apply it evenhandedly to both
New Mexico and out-of-state appropriators.

ground waters. Although such a claim "may support a
limited preference for its own citizens in the utilization of
the resource," 102 S. Ct. at 3464, a state's asserted
ownership of public waters within the state is only a
legal fiction. 102 S. Ct. at 3462.

[*388] If defendants' interpretation of the Compact
were correct, interstate export of Hueco and Lower Rio
Grande Underground Basin water could still be
permitted without effecting a reapportionment if pumping
could be offset without retiring EBID surface water
rights. The success of defendants' Compact defense
finally rests on their assertion that El Paso's proposed
pumping can only be offset by requiring the retirement
of Rio Grande Project surface water rights in New
Mexico, which would alter the 57%-43% distribution of
Project water between New Mexico and Texas. In
addition to the possibility of retiring the ground water
rights appurtenant to the 10,000 acres of non-Project
lands in New Mexico mentioned earlier in this opinion,
El Paso has suggested a number of alternative
offsetting measures. Defendants have not shown that
El Paso can offset the effects of [**30] its pumping only
by retiring surface water rights of EBID irrigators.
Issues of impairment of prior water rights -- surface or
ground, within the Project or without -- and measures for
offsetting impairments should be addressed in
administrative hearings on plaintiffs' permit applications,
not by an absolute embargo on the interstate export of
ground water.

The Court's disposition of these aspects of defendants'
Commerce Clause defense does not settle the
constitutionality of the New Mexico water embargo. The
Court in Sporhase recognized that, HN3[ ] in the
absence of federal regulation, the states are not
precluded from regulating either their water resources or
interstate commerce in water. The validity of state
statutes affecting interstate commerce in water is
determined by applying the standard set out in Pike v.
Bruce Church, Inc., 397 U.S. 137, 142, 25 L. Ed. 2d
174, 90 S. Ct. 844 (1970):

THE COMMERCE CLAUSE

New Mexico's embargo bars the export of ground water
absolutely; it is an explicit barrier to interstate
commerce. Facially discriminatory, it is subject to the
strictest scrutiny. Defendants must demonstrate that
the embargo serves a legitimate local purpose, that it is
narrowly tailored to that purpose and that there are no
adequate non-discriminatory alternatives. Hughes v.
Oklahoma, 441 U.S. 322, 336, 60 L. Ed. 2d 250, 99 S.
Ct. 1727 (1979). The purpose defendants advance for
New Mexico's overall system of ground water regulation
is to [*389] conserve and preserve the state's internal
water supply. They point to the state's longstanding
water management laws, institutions, policies and public
expenditures as evidence that the purpose is genuine.

At the January, 1982, trial of this case defendants and
intervenors contended that the Commerce Clause did
not render the embargo unconstitutional for three
reasons: (1) water was not an article of commerce and,
therefore, commerce clause analysis was inapplicable;
(2) Congress had authorized the western states to
impose otherwise impermissible burdens on commerce
in ground water; and (3) New Mexico's exercise of
plenary authority over its internal waters was a
traditional governmental function beyond the reach of
the Commerce Clause.
The Supreme Court's recent decision in Sporhase v.
Nebraska has settled these issues. The Court ruled that
water is an article of commerce and that Congress'
longstanding deference to state water law did not
demonstrate an intent to permit discrimination against
interstate [**31] commerce in ground water. Nor are
federal constitutional constraints suspended merely
because a state claims public ownership of internal

Where the statute regulates evenhandedly to
effectuate a legitimate local public interest, and its
effects on interstate commerce are only incidental,
it will be upheld unless the burden imposed on such
commerce is clearly excessive in relation [**32] to
the putative local benefits. [Citation omitted.] If a
legitimate local purpose is found, then the question
becomes one of degree. And the extent of the
burden that will be tolerated will of course depend
on the nature of the local interest involved, and on
whether it could be promoted as well with a lesser
impact on interstate activities.

Water has always been a highly valued resource in New
Mexico because of the [**33]
state's aridity.
Consequently, the use of water in New Mexico has long
been subject to strict regulation and control under a
comprehensive system of water rights laws and
institutions. Chapter 72, N.M.Stat.Ann. (1978). In fact,
New Mexico was a pioneer in ground water
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management. The state's declared ground waters are
public waters, § 72-12-1 N.M.Stat.Ann. (1978), subject
to appropriation for beneficial use, § 72-12-2
N.M.Stat.Ann. (1978). HN4[ ] The State Engineer has
the responsibility for measuring, appropriating and
distributing the public waters of the state. § 72-2-1
N.M.Stat.Ann. (1978). In a declared underground basin,
would-be appropriators must apply to the State
Engineer for a permit. He may grant the permit only if
he finds that there are unappropriated waters available
and that existing water rights would be unimpaired. §
72-12-3 N.M.Stat.Ann. (1978). The State Engineer
monitors withdrawals from non-rechargeable aquifers to
ensure that they have a reasonable life. Mathers v.
Texaco, Inc., 77 N.M. 239, 421 P.2d 771 (1966).

The fifty states cannot operate as separate economic
units. Our material success depends on the vigilant
maintenance of the principle that our economic unit is
the entire nation.

Taken as a whole, New Mexico's scheme of water
regulation demonstrates a genuine effort to promote
optimum utilization of its diminishing [**34] water
resources. This effort "is unquestionably legitimate and
highly important." 102 S. Ct. at 3463. While it may justify
limited, non-discriminatory burdens on interstate
commerce, it cannot support a total ban on interstate
transportation of ground water.

The State Engineer testified that the purpose [**36] of
the embargo is "to make maximum beneficial use of
water in New Mexico." Defendants believe this is a
legitimate objective because the state's water supply is
insufficient to meet all projected requirements.
Specifically, they predict that by or before the year 2020
there will be a state-wide [*390] consumptive use
shortage of at least 626,000 acre-feet per year.

In Sporhase the Supreme Court recognized the longstanding Commerce Clause distinction "between
economic protectionism, on the one hand, and health
and safety regulation, on the other." 102 S. Ct. at 3464.
This distinction gives a state the power "to shelter its
people from menaces to their health or safety" but not
"to retard, burden or constrict the flow of . . . commerce
for their economic advantage. . . ." H. P. Hood v.
DuMond, 336 U.S. 525, 533, 69 S. Ct. 657, 93 L. Ed.
865 (1949). Thus, the Supreme Court held that a state
may discriminate in favor of its citizens only to the extent
that water is essential to human survival. Outside of
fulfilling human survival needs, water is an economic
resource. For purposes of constitutional analysis under
the Commerce Clause, it is to be treated the same as
other natural resources.

This predicted shortage is based on what defendants
define as reasonable "public welfare" needs, including
water requirements for municipalities, industry, irrigated
agriculture, energy production, fish and wildlife, and
recreation. Aside from the amount necessary for public
health and safety, these are requirements for water
related to economic activities. In essence, defendants
recognize no limits on the future uses for which New
Mexico should be able to preserve ground water.
However, to extend the state's power to discriminate to
all potential uses of water would remove ground water
from Commerce Clause constraints. The policy of
maximizing all "public welfare" uses of water in New
Mexico, and the furthering of that policy by prohibiting
interstate commerce in ground water, is tantamount to
economic protectionism.

Constitutional restrictions on the ability of the states to
burden the flow of interstate commerce [**35] in natural
resources lie at the heart of our national solidarity and
prosperity. It was the anarchy and commercial warfare
between the states which emerged after the
Revolutionary War that led to the Constitutional
Convention.
Having experienced the rivalries and
disruptions caused by economic barriers and
retaliations, the necessity for centralized regulation of
commerce among the states was obvious to the
Founders. H. P. Hood v. DuMond, 336 U.S. at 533-534.

[**37] This is not, as defendants and intervenors claim,
a double standard which restricts New Mexico to a
water supply only sufficient to fulfill its human survival
needs while allowing El Paso to blossom in unrestrained
economic prosperity.
It is simply the necessary
application of the fundamental principle that our
Constitution "was framed upon the theory that the
peoples of the several states must sink or swim
together, and that in the long run prosperity and
salvation are in union and not division." Baldwin v.
G.A.F. Seelig, 294 U.S. 511, 523, 79 L. Ed. 1032, 55 S.

Defendants and intervenors do not maintain that the
embargo's purpose is to promote the health and safety
of New Mexico's citizens. They do not maintain that the
state is now experiencing a shortage of water for health
and safety needs or will do so in the near future. The
estimated state-wide demand for water for public health
and safety purposes by the year 2020 is only 220,000
acre-feet per year, while New Mexico's ultimate
renewable supply is estimated to be 2.2 million acre-feet
per year.
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Engineer testified that New Mexico is far from the time
when water will be a limiting factor on the state's growth.

Ct. 497 (1935).
Nor does it mean that New Mexico cannot undertake
reasonable water planning. The state can and should
carry on its policy of furthering the maximum beneficial
use of the water supply. The absence of an embargo
statute will not create havoc in New Mexico's system of
ground water regulation. It will not result in unrestricted
out-of-state use or uncontrolled transfers of water.
Interstate usage of water can be restricted and
controlled to the same extent as intrastate usage. El
Paso has stated repeatedly that, if the State Engineer
approves its well permit applications, it will abide by all
provisions [**38] of New Mexico water law.
Defendants insist that New Mexico's water laws have no
extraterritorial effect, and, therefore, the State Engineer
cannot control El Paso's use of exported water. In
Sporhase the Court held that a state could impose the
same withdrawal and use restrictions on out-of-state
users as it does on its own citizens. 102 S. Ct. at 3465.
Under § 72-12-3 N.M. Stat. Ann. (1978) the State
Engineer can condition any permit granted to El Paso to
require that the city cooperate with New Mexico officials
for the purpose of ensuring that all exported water is put
to beneficial use. City of Roswell v. Berry, 80 N.M. 110,
112, 452 P.2d 179 (1969). The State Engineer's ability
to enforce New Mexico's water regulations lies in his
power to suspend or revoke El Paso's permits to
withdraw ground water. § 72-12-14 N.M. Stat. Ann.
(1978). If the city does not comply with either the
conditions of its permits or New Mexico's water laws, the
State Engineer can terminate El Paso's pumping.
Defendants also raise the specter of the wholesale
"drying up" of southern New Mexico if El Paso is
permitted to export the water it seeks. New Mexico,
however, already contemplates that [**39] its irrigated
agriculture will gradually be cannabalized as market
forces transfer water to municipal and industrial use.
Thus defendants' only objection is to the retirement of
agricultural water uses to accommodate non-New
Mexican municipal and industrial uses. Under the
Commerce Clause, New Mexico cannot practice such
discrimination.
If the embargo's purpose were to conserve and
preserve the water supply for the health of New
Mexico's citizens and not the health of its economy, it
still would be unconstitutional because it is not narrowly
tailored to achieve that purpose. As stated before, there
is no present or imminent shortage of water in New
Mexico for health and safety needs. In fact, the State

[*391] Assuming that such shortages were foreseeable
and that New Mexico could constitutionally preserve its
water to meet future shortages, the embargo is not a
means to that end. The embargo only prevents the
transfer of ground water out of the state; it places no
restrictions on in-state use.
Under New Mexico's
ground water laws the State Engineer cannot [**40]
deny an application for a ground water right if there is
unappropriated water available and other rights will be
unimpaired. § 72-12-3 N.M. Stat. Ann. (1978). The
state's policy of "maximum beneficial use" envisions
putting as much water to beneficial use as soon as
possible. If New Mexico ever is faced with a shortage of
water for health and safety purposes, the state's current
water code, including the embargo, will not ensure that
there is an adequate supply in reserve to meet the
need.
In Sporhase the Supreme Court found Nebraska's
reciprocity provision was not narrowly tailored to the
conservation/preservation
rationale
because
it
prevented export when water was locally abundant and
its most beneficial use was in another state. The Court
suggested that an arid state could possibly overcome
this defect if it suffers a water shortage as a whole and
"the intrastate transfer of water from areas of
abundance to areas of shortage is feasible regardless of
distance." 102 S. Ct. at 3465.
Although the estimates vary widely, there is no question
that the Hueco and Mesilla Bolsons contain millions of
acre-feet of water, which far exceed local needs. At the
present time the most [**41] economically productive
use of this excess water is across the New MexicoTexas state line. Municipal and industrial water uses are
more economically productive than other uses. For
example, they will support seventy times as many
people as water applied to irrigated agriculture. El Paso
is the economic hub of an interstate region which
includes southern New Mexico; it is the major trade
center and contains the area's principal employers. If El
Paso were in New Mexico defendants probably would
agree with plaintiffs that the most beneficial and
economically productive use of the Hueco and Mesilla
Bolson ground water is in El Paso for the simple reason
that what is good for El Paso is good for the entire
region, including southern New Mexico.
Defendants have attempted to show that this locally
abundant ground water could be transported to other
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areas of New Mexico that are experiencing water
shortages. They point to examples of water
transportation projects that now exist or are being
planned. But none of these projects involve plans for
the intrastate transfer of Hueco and Mesilla Bolson
ground water. The state has not made any plans for the
intrastate transportation of this [**42] water. Prior to this
suit defendants assumed that this water would be used
locally, and that still appears to be the prevailing belief.
Aside from the fact that there are no plans for intrastate
transportation of Hueco and Mesilla Bolson ground
water at the present, defendants have failed to show
that such transportation is "feasible regardless of
distance." 102 S. Ct. at 3465. The feasibility envisioned
by the Supreme Court must include economic
considerations because, from a purely engineering
standpoint, it is now possible to transport water over
enormous distances. Defendants presented evidence
that at some uncertain future date it may be
economically feasible to transport the Hueco and
Mesilla Bolson water elsewhere in New Mexico, but
possible, or even probable, future economic feasibility
cannot satisfy the standard set in Sporhase. So drastic
and burdensome a measure as a total ban on interstate
commerce in ground water can only be justified if it is
narrowly tailored to times and places of shortage.
The purpose of the embargo is to promote New
Mexico's economic advantage. Even if the purpose
were conservation and preservation, as defendants
maintain, the embargo does [**43] not significantly
advance the conservation and preservation of water. It
certainly is not narrowly tailored to achieve that purpose
and cannot survive strict scrutiny.
[*392] The court recognizes that the conservation and
preservation of water is of the utmost importance to the
citizens of New Mexico. Defendants' and intervenors'
desire to retain the ground water in the Lower Rio
Grande and Hueco Basins for the use of New Mexicans,
therefore, is certainly understandable. Nevertheless,
the New Mexico ground water embargo violates the
Commerce Clause of the United States Constitution,
and an Order will be entered herein enjoining the
defendants from enforcing it.
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THE CITY OF EL PASO, By and Through its Public
Service Board, RAY PEARSON, CARLTON C. HOMAN,
JR., LOUIE GIALLANZA, CLINTON E. WOLF, and
THOMAS D. WESTFALL, Plaintiffs, v. S. E.
REYNOLDS, individually and as State Engineer of New
Mexico, PAUL G. BARDACKE, individually and as
Attorney General of New Mexico, LALO GARZA,
individually and as New Mexico District Attorney for
Dona Ana County, Defendants; ELEPHANT BUTTE
IRRIGATION DISTRICT, THE CITY OF LAS CRUCES,
NEW MEXICO, and STAHMANN FARMS, INC.,
Defendant-Intervenors

Core Terms
public welfare, conservation, groundwater, export,
interstate commerce, appropriations, factors, Basin, instate, domestic, shortage, criterion, Commerce,
hydrological, transfers, interstate, transport, detrimental,
moratorium, embargo, Bolson, waters, Compact,
burdens, out-of-state, permits, surface water, water use,
impermissibly, water rights

Overview
The court held that the limitation of water exports to
those which were not contrary to the conservation of
water within the state and were not otherwise
detrimental to the public welfare of the citizens of New
Mexico did not render N.M. Stat. Ann. § 72-12B-1C
facially unconstitutional. The court concluded that the
consideration by the state engineer of the six factors
listed at § 72-12B-1D when acting on applications for
new appropriations of water to be used outside New
Mexico did not violate the Commerce Clause. However,
the court held that the utilization of the conservation and
public welfare criteria and the six factors listed at N.M.
Stat. Ann. § 72-1B-1D to evaluate applications for
domestic wells and transfers of existing rights where the
water was to be used outside the state created an
unconstitutional burden on interstate commerce. The
court held that H.B. 12 had an illegitimate protectionist
purpose and was facially unconstitutional. Further, the
court concluded that the Rio Grande Compact and state
constitutional issues were not moot and were
reaffirmed.

Case Summary
Procedural Posture
Plaintiff city brought an action against defendant state
officials, challenging the constitutionality of two
regulations that dealt with the out-of-state use of ground
water. The city further sought the reentry of portions of a
prior memorandum opinion that dealt with the Rio
Grande Compact and state constitutional issues. The
state officials contended that those issues were moot.

Outcome
In the city's action against the state officials, challenging
the constitutionality of regulations, the court found that
one regulation was facially unconstitutional. The court
found that the other regulation created an
unconstitutional burden on interstate commerce.
Further, the court reaffirmed the previous Rio Grande
Compact and state constitutional issues, finding that
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they were not moot.

When a state exercises a preference for its citizens
under the rubric of protecting their public welfare and
economic interests are implicated, the resulting burden
on interstate commerce must be weighed against the
putative, noneconomic local benefits. If the public
welfare criterion is used to effectuate simple economic
protectionism, a per se rule of invalidity will be applied. If
it is used to promote a legitimate purpose with only
incidental burdens on interstate commerce, the court
must try to accommodate the competing local and
national interests. If equally effective, less burdensome
alternatives are available, the state must use them.

LexisNexis® Headnotes

Governments > Legislation > Interpretation
HN1[

] Legislation, Interpretation

Statutes should be construed
unconstitutional results.

so

as

to

avoid

Governments > State & Territorial
Governments > Property > Water Rights
Transportation Law > Interstate
Commerce > Balancing Tests

Governments > State & Territorial
Governments > Property > Water Rights
HN2[

HN5[

] Property, Water Rights

The New Mexico State Engineer may deny permits for
in-state water use if, in his opinion, approval thereof
would be contrary to public interest. N.M. Stat. Ann. §
72-5-7 (1978).

Governments > State & Territorial
Governments > Property > Water Rights
HN3[

] Property, Water Rights

A state may favor its own citizens in times and places of
shortage. Of course, this does not mean that a state
may limit or bar exports simply because it anticipates
that one day there will not be enough water to meet all
future uses. Even some of the most water-abundant
states predict shortages at some future date. The
preference envisioned must be limited to the times and
places where its exercise would not place unreasonable
burdens on interstate commerce relative to the local
benefits it produces.

] Property, Water Rights

A state may not limit water exports merely to protect
local economic interests. This is true even though the
health of the state's economy has a direct bearing on
the public welfare of its citizens.

Constitutional Law > Congressional Duties &
Powers > Commerce Clause > General Overview
Transportation Law > Interstate
Commerce > Balancing Tests
Transportation Law > Interstate Commerce > Per
Se Invalidity
HN4[ ]
Congressional
Commerce Clause

Duties

&

Powers,

Constitutional Law > Congressional Duties &
Powers > Commerce Clause > General Overview
Transportation Law > Interstate
Commerce > Balancing Tests
HN6[ ]
Congressional
Commerce Clause

Duties

&

Powers,

Factors which inform the determination whether a
state's preference for its own citizens reasonably or
unreasonably burdens interstate commerce are the
degree to which the state claims public ownership of
ground water and whether the availability of the water is
in part the result of the state's conservation efforts.
These factors, as with those relating to the extent of
shortages and the public welfare interests being
protected, cannot be evaluated in a vacuum.
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A statute need not openly disclose an avowed purpose
to discriminate against interstate commerce, though, to
violate the Commerce Clause. The stated purposes may
be feigned, pretextual or illusory. It is the duty of the
court to look behind the legislative recitals of purpose to
discover the true purpose of a challenged statute.

Governments > State & Territorial
Governments > Property > Water Rights
HN7[

] Property, Water Rights

In the regulation of water a state may exercise a limited
preference for its own citizens in times and places of
shortage. Logically, such a preference can only be
implemented by keeping or "conserving" within the state
water that would otherwise go out. A state may,
therefore, "conserve" water within its borders for the use
of its citizens to the same limited extent that it may
prefer its citizens in the utilization of the resource.

Constitutional Law > Congressional Duties &
Powers > Commerce Clause > General Overview
HN8[ ]
Congressional
Commerce Clause

Duties

&

HN11[ ]
Congressional
Commerce Clause

Duties

&

Powers,

A state statute, however, may be invalid because of its
protectionist purpose as well as its discriminatory effect.
The balancing test presupposes that the statute being
tested has a legitimate local purpose. Thus,
evenhandedness does not validate an illegitimate
purpose.

Powers,

Commerce Clause analysis of a state's exercise of a
preference for its own citizens in the utilization of scarce
water resources is a complex inquiry; it must be made
case-by-case.

Energy & Utilities Law > Financing > Grants &
Reservations > General Overview
Governments > State & Territorial
Governments > Property > Water Rights
HN9[

Constitutional Law > Congressional Duties &
Powers > Commerce Clause > General Overview

Counsel: [**1] Vinson & Elkins, Harry M. Reasoner,
Charles L. Berry, P. M. Schenkkan, Jeffrey Civins,
Charles W. Schwartz, Houston, Texas, Scott, Hulse,
Marshall & Fueille, James L. Gallagher, El Paso,
Texas, Hinkle, Cox, Eaton, Coffield & Hensley, Harold L.
Hensley, Jr., K. Douglas Perrin, Roswell, New Mexico,
P. M. Schenkkan, Vinson & Elkins, Austin, Texas, Harry
M. Reasoner, Charles L. Berry, Vinson & Elkins,
Houston, Texas, Paul L. Bloom, Washington, District of
Columbia, Booker Kelly, Benjamin Phillips, White, Kock,
Kelly & McCarthy, Santa Fe, New Mexico, for Plaintiffs.

] Financing, Grants & Reservations

While a state may constitutionally regulate water usage
to promote the conservation of water and the public
welfare of its citizens, it may not require interstate
commerce to shoulder the entire burden of furthering
those interests. There is no legitimate reason to deny
interstate transfers and domestic wells if detrimental to
those interests yet permit intrastate transfers and
domestic wells when they are detrimental to them.

Constitutional Law > Congressional Duties &
Powers > Commerce Clause > General Overview
HN10[ ]
Congressional
Commerce Clause

Duties

&

Powers,

Stephen D. Dillon, Jeffrey L. Fornaciari, Richard A.
Simms, Special Assistant Attorney General, Douglas
Meiklejohn, Assistant Attorney General, Water
Resources Division, Santa Fe, New Mexico, for Defts,
Michael B. Browde, Albuquerque, New Mexico, for Deft.
Paul Bardacke, Atty. General, Ralph Wm. Richards,
Weinbrenner, Richards, Paulowsky & Sandenaw, P.A.,
Las Cruces, New Mexico, for Deft/Intervenor Stahmann
Farms, Inc., and Deft. Lalo Garza, Stephen A. Hubert,
Steven L. Hernandez, James A. Roggow, Martin,
Cresswell & Hubert, P.A., Las Cruces, New Mexico, for
Deft/Intervenor Elephant Butte Irrigation District & Deft.
Lalo [**2] Garza, * Jeffrey L. Fornaciari, State Engineer
Office, Santa Fe, New Mexico, * Stephen D. Dillon,
State Engineer Office, Santa Fe, New Mexico, * Michael
B. Browde, University of New Mexico, School of Law,
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City of Las Cruces.

Judges: Howard Bratton, J.

Opinion by: BRATTON

Opinion
[*696] MEMORANDUM OPINION
The City of El Paso et al. filed this suit in 1980 seeking a
declaratory judgment that New Mexico's embargo on the
out-of-state use of ground water, N.M. Stat. Ann. § 7212-19 (1978), impermissibly burdened interstate
commerce in contravention of the Commerce Clause of
the United States Constitution. Defendants, the state
officials responsible for enforcing New Mexico's water
laws, responded that it was the Rio Grande Compact
and the state constitution, not the embargo statute,
which blocked El Paso's proposed ground water
exports, making § 72-12-19 irrelevant. Defendants also
denied that the embargo statute impermissibly burdened
interstate commerce.
On January 17, 1983, [**3] the Court issued its
Memorandum Opinion disposing of these issues. City
of El Paso v. Reynolds, 563 F. Supp. 379 (D.N.M.
1983). The Court rejected defendants' interpretation of
the Rio Grande Compact, held that it was immaterial
whether the water embargo was based on the state
constitution or a state statute and found that the
embargo violated the Commerce Clause. Accordingly,
the embargo was declared unconstitutional, and
defendants were enjoined from enforcing it.
On February 22, 1983, the New Mexico Legislature
enacted S.B. 295 which repealed § 72-12-19, enacted
provisions dealing with the out-of-state use of water and
otherwise amended New Mexico's water code.
Following enactment of S.B. 295 defendants appealed
this court's decision to the Tenth Circuit. Defendants

also urged the Court of Appeals to hold that S.B. 295
had rendered the entire case moot and to order the
case dismissed. Instead, the Court of Appeals vacated
the Judgment and remanded the entire matter "for fresh
consideration [*697] of the respective rights and
obligations of the parties in light of whatever intervening
changes of law and circumstance are relevant." The
Court of Appeals gave this court [**4] "full and complete
latitude" to enter a judgment appropriate to the new
circumstances. Approximately two months after remand,
in February, 1984, the New Mexico Legislature enacted
a two year moratorium on new appropriations of ground
water hydrologically connected to the Rio Grande below
Elephant Butte. H.B. 12.
In its Second Amended and Supplemental Complaint, El
Paso challenges the constitutionality of both S.B. 295
and H.B. 12. El Paso also asks the court to reenter
those portions of the prior Memorandum Opinion
dealing with the Rio Grande Compact and state
constitutional issues, matters which defendants claim
are moot. The parties now present for decision the
issues of mootness and the facial constitutionality of
S.B. 295 and H.B. 12. The factual background for this
suit having been set out in the earlier Memorandum
Opinion, the court turns directly to the issues.

Senate Bill 295
With § 72-12-19 the Court analyzed and applied
Sporhase v. Nebraska, 458 U.S. 941, 73 L. Ed. 2d
1254, 102 S. Ct. 3456 (1982) and other Supreme Court
cases interpreting the Commerce Clause as they related
to an absolute embargo on interstate commerce in
ground water. On its face the statute [**5] now under
review purports to effect a dramatic change in New
Mexico law. By repealing § 72-12-19, New Mexico
purportedly abjured its attempts to prohibit water
exports. The present statute sets out conditions under
which water can be exported. Commerce Clause
analysis of this type of statute is materially different from
that which applies to an explicit barrier to interstate
commerce. The Court's discussion in the prior
Memorandum Opinion of the Commerce Clause as it
applied to § 72-12-19 is not applicable to S.B. 295 and,
therefore, is superseded by that which follows.
S.B. 295 made numerous changes in New Mexico's
water laws which are codified at different sections of its
water code. It repealed § 72-12-19. It deleted the words
"within the state of New Mexico" from § 72-12-18 which
formerly provided that "all underground waters of the
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state of New Mexico are hereby declared to be public
waters and to belong to the public of the state of New
Mexico and to be subject to appropriation for beneficial
use within the state of New Mexico." S.B. 295 amended
N.M. Stat. Ann. § 72-12-3E (Cum.Supp. 1984) by
requiring the State Engineer to find that a proposed
appropriation "is not [**6] contrary to conservation of
water within the state and is not detrimental to the public
welfare of the state" before granting a permit for a new
appropriation for in-state use of ground water from a
declared basin. Finally, S.B. 295 enacted N.M. Stat.
Ann. § 72-12B-1 (Cum. Supp. 1984) which purports to
permit and regulate the out-of-state use of ground
water. (The complete text of § 72-12B-1 is given at
Appendix A.) The statute contains a severability
provision.
It is the export statute, § 72-12B-1, to which El Paso
addresses its constitutional challenge. It requires the
State Engineer to find that El Paso's export of water
from the Mesilla and Hueco Bolsons "would not impair
existing water rights, is not contrary to the conservation
of water within the state and is not otherwise detrimental
to the public welfare of the citizens of New Mexico"
before he may approve the City's applications. § 7212B-1C. The statute also directs the State Engineer to
consider six additional factors when acting upon
applications for export. § 72-12B-1D. The first four
factors involve an analysis of the effect of the proposed
export on in-state shortages. The last two factors
involve an evaluation [**7] of the applicant's water
supply and demand and the alternate sources of water
supply available to the applicant in the state of import.
The statute empowers the State Engineer to condition
export permits and provides that applicants must comply
with New Mexico's water laws.
[*698] El Paso claims that the export statute is
unconstitutional because it facially discriminates against
water exportation in several respects. The parties have
reserved for future proceedings all issues regarding the
constitutionality of the statute as applied. The court first
addresses the City's contention that allowing exports
only when they are "not contrary to the conservation of
water within the state and [are] not otherwise
detrimental to the public welfare of the citizens of New
Mexico"
unconstitutionally
discriminates
against
interstate commerce.

The Conservation and Public Welfare Criteria
El Paso argues that the "conservation of water within

the state" criterion prohibits the interstate use of water -water that is transported outside the State is not
conserved or kept within it. It further argues that
conversely, any in-state use of ground water, again by
definition, cannot be contrary [**8] to the conservation
of water within the state. If this simplistic interpretation
of the conservation criterion in § 72-12B-1C is correct,
then that provision by itself would unconstitutionally
prohibit export of any ground water from New Mexico.
Hughes v. Oklahoma, 441 U.S. 322, 337, 60 L. Ed. 2d
250, 99 S. Ct. 1727 (1979); El Paso v. Reynolds, supra.
So interpreted, the criterion would also directly
contradict the statement at § 72-12B-1A that "under
appropriate conditions the out-of-state transportation
and use of [New Mexico's] public waters is not in conflict
with . . . the conservation of its waters." The remainder
of the statute presumably would be superfluous under
such an interpretation.
The conservation criterion cannot be interpreted so
literally. Such a construction would be contrary to the
rule that HN1[ ] statutes should be construed so as to
avoid unconstitutional results. 2A D. Sands, Statutes
and Statutory Construction, § 45.11 (4th Ed. 1973). By
bringing the conservation criterion into conflict with the
remainder of the statute which purports to permit water
exportation, El Paso's interpretation violates other
precepts of statutory construction, i.e., the various [**9]
provisions of a statute should be construed so as to be
consistent with each other and so that no part is
rendered superfluous. Atchison, Topeka & Santa Fe
Railway Co. v. United States, 617 F.2d 485, 493 (7th
Cir. 1980); Hughes Air Corp. v. Public Utilities Comm'n,
644 F.2d 1334, 1338 (9th Cir. 1981); National Insulation
Transportation Committee v. Interstate Commerce
Commission, 221 U.S. App. D.C. 192, 683 F.2d 533,
537 (D.C. Cir. 1982). Any plausible interpretation of the
conservation criterion which is consistent with these
rules must be preferred over an interpretation that
violates them. Such an interpretation is readily apparent.
By permitting exportation of ground water only when it is
"not contrary to the conservation of water within the
state" the statute acknowledges the fact that New
Mexico cannot legislate as to ground water that is not
found within the State. The phrase "water within the
state" defines the water which is to be conserved; it
does not dictate that all the State's waters must be
retained within its borders. This interpretation of the
conservation criteria in § 72-12B-1C brings it into
alignment with the declaration at § 72-12B-1A that the
export [**10] of water may not be contrary to the
conservation of New Mexico's waters. If applied in a
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manner which does not unduly burden interstate
commerce,
the
regulation
of
ground
water
appropriations for the purpose of promoting
conservation is constitutionally permissible. Sporhase,
458 U.S. at 954 - 957.
On its face, S.B. 295 appears to apply the conservation
and public welfare criteria evenhandedly, at least to new
appropriations. As amended, § 72-12-3E, which deals
with applications for new in-state appropriations of
ground water from declared basins, now mirrors the
requirements for approval of out-of-state appropriations
in § 72-12B-1C. Under both § 72-12-3E and § 72-12B1C the State Engineer must deny applications for new
in-state and out-of-state appropriations if the proposed
use is [*699] "contrary to the conservation of water
within the state [or] detrimental to the public welfare of
the state." El Paso contends that this evenhandedness
is only superficial because for in-state uses these
criteria are meaningless.
El Paso is correct that New Mexico's general policy has
been to put as much water to use within the State as
soon as possible, the converse of conservation, [**11]
at least as to underground waters. In addition, prior to
the passage of S.B. 295, the constitution and laws of
New Mexico have not been construed to authorize
prioritization of uses of underground waters. All uses
have been considered beneficial uses, equally beneficial
to the public welfare, with the first in time having the
better right. N.M. Const. art. XVI, Sections 2 and 3.
Both parties take the position that S.B. 295 does not
change these principles insofar as they apply to in-state
water uses. Therefore, that issue need not now be
addressed.
It is unclear at this time how the conservation and public
welfare criteria will be applied to in-state appropriations.
New Mexico's surface water statutes, though, contain a
similar criterion: HN2[ ] the State Engineer may deny
permits for in-state use "if, in his opinion, approval
thereof would be contrary to public interest." N.M. Stat.
Ann. § 72-5-7 (1978). Only one case has construed this
criterion. Young & Norton v. Hinderlider, 15 N.M. 666,
110 P. 1045 (1910). In that case both the defendant
Hinderlider and the plaintiffs Young & Norton had filed
applications to appropriate the same water from the La
Plata River. Both parties wished [**12] to construct a
storage reservoir for the purpose of irrigating land in
San Juan County.
The reservoir proposed by
Hinderlider was larger and contemplated the irrigation of
almost three times the acreage as the Young project.
Hinderlider's application was first in time. The Territorial

Engineer rejected Hinderlider's application and
approved Young's, on the ground that Hinderlider's
proposed project was more expensive, that irrigation
thereunder would cost more per acre than under the
Young project, and that the Young project was more
within the available water supply.
Hinderlider appealed to the Board of Water
Commissioners which held that the statute authorized
the Territorial Engineer to deny the first application and
approve the second if he found that the Hinderlider
project was contrary to the "public interest," but it
construed the "public interest" to encompass only health
and safety concerns. The New Mexico Supreme Court
also found that the prior appropriation doctrine did not
prevent the Territorial Engineer from preferring the later
application if the application which was first in time was
contrary to the "public interest." 1 The court further
found, however, that the [**13] "public interest" was not
limited to public health or safety concerns but also
permitted the Territorial Engineer to protect the public
against fraudulent or excessively expensive irrigation
projects. Young, 15 N.M. at 677-680.
The State Engineer and state courts may consider the
conservation and public welfare criteria equivalent to the
"public interest" standard in § 72-5-7 and construe them
accordingly. In light of the Young decision, which gives
substance in one context to the "public interest"
criterion, it cannot be concluded that the conservation
and public welfare [**14] criteria are on their face
meaningless as applied to in-state uses. But, however
the criteria are applied to in-state water uses, the statute
does not on its face direct the State Engineer to apply
them differently to out-of-state uses.
El Paso contends that "the public welfare of the citizens
of New Mexico" is an intrinsically discriminatory criterion
precluding evenhanded regulation of water usage.
[*700] This contention rests on the assumption that a
state may not decide whether to allow any particular
export on the basis of the public welfare of its own
citizens.

1 The

Young decision predates the adoption of the New
Mexico constitution in 1911. The prior appropriation doctrine,
however, has always determined the priority of water rights in
New Mexico. The state constitutional provisions and statutes
declaring prior appropriation to be the basis and measure of
the right to use water were "merely declaratory of the prior
existing law." Yeo v. Tweedy, 34 N.M. 611, 614, 286 P. 970
(1929).
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The Supreme Court in Sporhase examined a public
welfare criterion very similar to New Mexico's. Neb. Rev.
Stat. § 46-613.01 (1978). The Court held that a facial
examination of the first three conditions of Nebraska's
water export statute did not indicate that they
impermissibly burdened interstate commerce. 458 U.S.
at 957. One of those conditions was that "the withdrawal
of the ground water requested . . . is not otherwise
detrimental to the public welfare."
El Paso tries to distinguish the Nebraska and New
Mexico public welfare criteria on the basis that the
Nebraska statute did not limit the public welfare [**15]
with which it was concerned to that of its own citizens.
El Paso argues that the qualifying phrase "of the citizens
of New Mexico" is intrinsically discriminatory because it
directs the State Engineer to disregard the public
welfare of noncitizens. There is no real distinction
between the Nebraska public welfare criterion approved
by the Supreme Court and the New Mexico public
welfare criterion. Although not expressly stated, surely
the public welfare the Nebraska statute attempts to
protect is that of Nebraska's citizens. The Supreme
Court apparently assumed so. The Court's conclusion
that a state may, under certain circumstances, give a
limited preference to its own citizens in the utilization of
scarce water resources would have been unnecessary if
the Nebraska statute did not regulate interstate water
transfers according to the public welfare of the citizens
of Nebraska.
The Court reached that conclusion in the process of
applying the test set out in Pike v. Bruce Church, 397
U.S. 137, 142, 25 L. Ed. 2d 174, 90 S. Ct. 844 (1970) to
determine the facial validity of the first three conditions
of the Nebraska statute. First, the Court found that the
Nebraska statute had the [**16] legitimate purpose of
conservation and preservation of ground water. It then
compared the first three conditions imposed on
interstate transfers with the restrictions placed on
intrastate transfers and found that they might well
regulate evenhandedly. The Court went on to declare
itself "reluctant to condemn as unreasonable measures
taken by a State to conserve and preserve for its own
citizens this vital resource in times of severe shortage."
The Court then discussed several factors which led to
its reluctance and which must be considered in
determining whether the burdens on commerce
imposed by state ground water regulations are
reasonable or unreasonable when weighed against the
local interests they advance.
Although the court in Sporhase did not delineate the

extent to which a state may prefer its own citizens in the
utilization of water, it provided some guidelines. HN3[ ]
A state may not limit water exports merely to protect
local economic interests. 458 U.S. at 956. This is true
even though the health of the state's economy has a
direct bearing on the public welfare of its citizens.
Baldwin v. Seelig, 294 U.S. 511, 522-523, 79 L. Ed.
1032, 55 S. Ct. 497 (1935); West v. Kansas [**17]
Natural Gas Co., 221 U.S. 229, 255, 55 L. Ed. 716, 31
S. Ct. 564 (1911). Other than excluding economic
interests, however, the Court did not limit the public
welfare interests a state may protect by regulating
interstate commerce in ground water.
On its face, § 72-12B-1C does not direct the State
Engineer to deny applications for exports that would be
detrimental only to the economic interests of New
Mexico's citizens. "Public welfare" is a broad term
including health and safety, recreational, aesthetic,
environmental and economic interests. Admittedly,
except to the extent that it refers to bare human survival,
every aspect of the public welfare has economic
overtones. This does not mean that New Mexico may
constitutionally exercise a limited preference for its
citizens only when their survival is at stake. The
Supreme Court in Sporhase did not equate "public
welfare" with "human survival." However, HN4[ ] when
the State exercises a preference for its citizens under
the rubric [*701] of protecting their public welfare and
economic interests are implicated, the resulting burden
on interstate commerce must be weighed against the
putative, noneconomic local benefits. Pike [**18] , 397
U.S. at 142. If the public welfare criterion is used to
effectuate simple economic protectionism, a per se rule
of invalidity will be applied. Philadelphia v. New Jersey,
437 U.S. 617, 623-4, 57 L. Ed. 2d 475, 98 S. Ct. 2531
(1978). If it is used to promote a legitimate purpose with
only incidental burdens on interstate commerce, the
Court must try to accommodate the competing local and
national interests. Id. If equally effective, less
burdensome alternatives are available, the State must
use them. Hughes v. Oklahoma, 441 U.S. 322, 337, 60
L. Ed. 2d 250, 99 S. Ct. 1727 (1979).
HN5[ ] A state may favor its own citizens in times and
places of shortage. Sporhase, 458 U.S. at 956-597. Of
course, this does not mean that a state may limit or bar
exports simply because it anticipates that one day there
will not be enough water to meet all future uses. Even
some of the most water-abundant states predict
shortages at some future date. The preference
envisioned by the Supreme Court must be limited to the
times and places where its exercise would not place
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unreasonable burdens on interstate commerce relative
to the local benefits it produces.
On the other hand, it would be unreasonable [**19] to
require a state to wait until it is in the midst of a dire
shortage before it can prefer its own citizens' use of the
available water over out-of-state usage. A limited
preference which could not be exercised until water
resources were almost depleted would be no preference
at all. If the limited preference is to be meaningful the
states must be permitted to prefer local usage while
there is still water to conserve. The proximity in time of a
projected shortage, the certainty that it will occur, its
predicted severity, and whether alternative measures
could prevent or alleviate the shortage are all factors
which must be weighed when balancing the local
interests served by the exercise of a preference against
the burdens it places on interstate commerce.
New Mexico need not wait until the appropriate time and
place of shortage arises to enact a statute limiting
exports. The State may enact a law to provide for future
contingencies. If facially valid, any constitutional attack
on such a statute for violation of the Commerce Clause
must await its application.
Other HN6[ ] factors which inform the determination
whether a state's preference for its own citizens
reasonably or unreasonably [**20] burdens interstate
commerce are the degree to which the state claims
public ownership of ground water and whether the
availability of the water is in part the result of the state's
conservation efforts. Sporhase, 458 U.S. at 956-957.
These factors, as with those relating to the extent of
shortages and the public welfare interests being
protected, cannot be evaluated in a vacuum. Only when
the defendants exercise a preference for the citizens of
New Mexico can the local benefits from the preference
be weighed against the resulting burden on interstate
commerce.
El Paso argues that it is not necessary to await
application of the statute because the evidence of
legislative intent shows that the "public welfare" criterion
directs the State Engineer to limit exports in order to
minimize in-state shortages for local economic
advantage. The City points to definitions of "the public
welfare of the state of New Mexico" offered by the
defendants and utilized by the court when the embargo
statute was under review as evidence that the
Legislature intended "public welfare" to include
economic interests.

Prior to the passage of S.B. 295 the State Engineer
testified, and defendants argued, [**21] that the public
welfare of the citizens of New Mexico required the
conservation and preservation of all available water for
in-state use. Defendants maintained that they could
retain New Mexico's ground water for any purpose
related to the public [*702] welfare, including purposes
which were predominantly economic. The Court found
that this policy was impermissible economic
protectionism. If defendants' past construction of the
"public welfare" were incorporated into § 72-12B-1C, the
statute would constitute an unconstitutional embargo.
The Court must reject constructions which render the
statute unconstitutional if there are plausible
interpretations which avoid constitutional conflicts. 2A D.
Sands, Statutes and Statutory Construction, supra.
S.B. 295 was obviously passed in direct response to the
Court's decision that "the policy of maximizing all 'public
welfare' uses of water in New Mexico, and the furthering
of that policy by prohibiting interstate commerce in
ground water," was unconstitutional. The New Mexico
Legislature in S.B. 295 explicitly disavowed defendants'
position that the public welfare justified an absolute
embargo. Defendants themselves now disavow [**22]
their former position, arguing that the "public welfare"
arguments they advanced when defending the embargo
are irrelevant to the meaning of the term as used in S.B.
295. Under these circumstances, it cannot be assumed
that the Legislature intended to incorporate the same
impermissible economic protectionism into S.B. 295 that
made § 72-12-19 unconstitutional. The term "public
welfare" includes many interests, some of which the
State may legitimately advance by regulating water
exportation. The statutory use of the term is not
forbidden since it can be narrowed by construction in
this court, in the state administrative proceedings and in
the state courts.
El Paso contends that the "conservation" criterion is
also inherently discriminatory. As with the City's attack
on the "public welfare" criterion, this too rests on the
assumption that New Mexico may not constitutionally
regulate ground water withdrawals solely to minimize
shortages within the State for the well-being of its
citizens. El Paso relies on West v. Kansas Natural Gas
Co., 221 U.S. 229, 55 L. Ed. 716, 31 S. Ct. 564 (1911)
and Pennsylvania v. West Virginia, 262 U.S. 553, 67 L.
Ed. 1117, 43 S. Ct. 658 (1923), where [**23] Oklahoma
and West Virginia statutes, which had as their avowed
purpose the "conservation" of natural gas within those
states for the present and future use of their citizens,
were held unconstitutional. The Court found that this
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was only "conservation" in a commercial sense, "-- the
business welfare of the state, as coal might be, or
timber." West, 221 U.S. at 255. The Court found it
irrelevant that the states' supplies of natural gas were
rapidly waning and were no longer sufficient to supply
local needs.
Sporhase carves an exception to this precedent when
the states regulate scarce water resources. As
discussed above, the Court in Sporhase held that HN7[
] in the regulation of water a state may exercise a
limited preference for its own citizens in times and
places of shortage. 458 U.S. at 956-957. Logically, such
a preference can only be implemented by keeping or
"conserving" within the state water that would otherwise
go out. A state may, therefore, "conserve" water within
its borders for the use of its citizens to the same limited
extent that it may prefer its citizens in the utilization of
the resource.

The Six Factors of § 72-12B-1D
At subsection 72-12B-1D the export [**24] statute lists
six factors the State Engineer must consider when
acting upon any application to export ground water. The
statute does not require the State Engineer to consider
these factors with regard to in-state uses of ground
water. El Paso charges that this is facial discrimination
which violates the Commerce Clause.
The first four factors require the State Engineer to
determine whether there are water shortages within the
State which could be alleviated by the intrastate
transportation of the water sought for export. There is a
legitimate reason for requiring that this determination be
made before granting a permit to export water. If the
State Engineer is to constitutionally exercise a
preference for the citizens of New [*703] Mexico in
accordance with the precepts enunciated in Sporhase
he must first determine if there is a shortage within the
State. The State Engineer must consider such factors
as whether there is a shortage in the area of export or
elsewhere in the State, whether it is economically and
technologically feasible to transport the water to areas
experiencing a shortage, and whether there is an actual
intent to transport the water.
The fifth and sixth [**25] factors require an evaluation
of the export applicant's water supply, the demand
placed on that supply and the alternative sources of
supply available to the applicant in the state of import.
There is also a legitimate reason for requiring

consideration of these factors before permitting the
exportation of ground water. A state may favor its own
citizens in the utilization of scarce water resources
"unless the burden imposed on [interstate] commerce is
clearly excessive in relation to the putative local
benefits." Pike v. Bruce Church, 397 U.S. at 142. The
local benefits cannot be weighed against the burdens on
commerce without knowledge of the export applicant's
need for the water relative to that of prospective in-state
users.
HN8[ ] Commerce Clause analysis of the State's
exercise of a preference for its own citizens in the
utilization of scarce water resources is a complex
inquiry; it must be made case-by-case. Each of the six
factors listed at § 72-12B-1D informs the determination
whether the burdens on commerce imposed by state
ground
water
regulation
are
reasonable
or
unreasonable. Consequently, it cannot be said that
consideration of these factors by the State Engineer
when [**26] acting upon an application for export
impermissibly
discriminates
against
interstate
commerce.

Interstate Transfers and Domestic Wells
The conservation and public welfare criteria apply to all
interstate uses of ground water -- new appropriations
from declared and undeclared basins, new surface
water appropriations, transfers of water rights, and
supplemental and domestic wells. In-state, the
conservation and public welfare criteria apply only to
new appropriations from declared basins. El Paso
charges that this discriminatory treatment is unjustified
and imposes an impermissible burden on interstate
commerce.
El Paso has not filed any applications to appropriate
surface water or ground water from undeclared basins. 2
Nor does it presently seek a permit for a supplemental
well. The City has no standing, therefore, to attack the
application of the conservation and public welfare
criteria to appropriations from these sources.

2 Although

El Paso asserts in its latest brief that it owns a
surface water right in New Mexico which it intends to use in
Texas, the paragraph in the Second Amended and
Supplemental Complaint to which the City cites does not
explicitly support this claim. The court is unaware of any
evidence in the record which does. At this stage in the
litigation the court cannot simply assume that El Paso owns a
surface water right.
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[**27] Plaintiffs do have a personal stake in the
determination whether the conservation and public
welfare criteria may constitutionally be applied to
interstate transfers and domestic wells. The City owns a
tract of land which straddles the Texas-New Mexico
border and it intends to drill a domestic well in the New
Mexico portion for use by a tenant on the Texas portion
of the tract. One of the individual plaintiffs has
purchased a water right which permits him to divert and
use ground water from four existing wells in New
Mexico. He intends to transport this water to Texas for
use there. Plaintiffs have standing to challenge the
application of the conservation and public welfare
criteria to their attempts to export water from domestic
and transfer wells and this issue is ripe for adjudication.
By requiring the State Engineer to consider the interests
of the conservation of water and the public welfare of
the citizens of New Mexico when acting on [*704]
applications to export water from domestic and transfer
wells but not when acting on applications for in-state
transfers and domestic wells, S.B. 295 discriminates on
its face against interstate commerce. Consequently, the
statute [**28] is subject to the strictest scrutiny.
Defendants must show that the disparate treatment of
intrastate and interstate transfers and domestic wells
serves a legitimate local purpose, that it is narrowly
tailored to that purpose and that there are no adequate
nondiscriminatory alternatives. Hughes v. Oklahoma,
441 U.S. at 337. Defendants have not met this burden.
Under S.B. 295 no permit to transfer a water right or drill
a domestic well may be granted if the use of the water is
(1) out-of-state and (2) contrary to the conservation of
water and public welfare of the citizens of New Mexico.
In-state, no permit to transfer a water right or drill a
domestic well can be denied on the ground that it would
be contrary to the conservation of water or detrimental
to the public welfare. These factors are irrelevant with
regard to in-state transfers and domestic wells. N.M.
Stat. Ann. § 72-12-1 and 72-12-7 (1978).
There may be circumstances in which the interstate
transfer of a water right would be detrimental to the
public welfare of the citizens of New Mexico while the
intrastate transfer of the same right would not. In such
an instance it may not be an unreasonable burden on
interstate [**29] commerce to deny the interstate
transfer but permit the intrastate transfer of the water
right. S.B. 295 sweeps too broadly though. The
intrastate transfer may also be detrimental to the public
welfare yet the State Engineer is powerless to deny it on
that ground.

HN9[ ] While the State may constitutionally regulate
water usage to promote the conservation of water and
the public welfare of its citizens, it may not require
interstate commerce to shoulder the entire burden of
furthering those interests. There is no legitimate reason
to deny interstate transfers and domestic wells if
detrimental to those interests yet permit intrastate
transfers and domestic wells when they are detrimental
to them. The application of the conservation and public
welfare criteria to interstate transfers and domestic wells
is not narrowly tailored to effectuate its purpose and it,
therefore, impermissibly burdens interstate commerce.
It follows that the State Engineer may not consider the
six factors listed at § 72-12B-1D when acting on
applications for interstate transfers and domestic wells.
These factors are relevant only because they bear on
the determination whether the conservation of water and
the public [**30] welfare of the citizens of New Mexico
are affected by a proposed water use and, if they are,
whether the State may constitutionally prefer its own
citizens in the utilization of the resource. As the State
Engineer will be enjoined from considering the
conservation or public welfare criteria when acting upon
applications for interstate transfers or domestic wells,
consideration of the six factors would serve no purpose.

House Bill 12
In the same session that S.B. 295 was passed, the New
Mexico legislature passed S.B. 300 which directed the
Governor, after consultation with the State Engineer and
the Attorney General, to appoint a committee to study
the impact on the State's water resources of "recent
court decisions concerning water and interstate
commerce." The decision holding New Mexico's
embargo statute unconstitutional had been entered
approximately two months prior to the passage of S.B.
300. The Governor appointed counsel for former
defendant Attorney General Bingaman to chair the
Committee. S.B. 300 directed the Attorney General and
State Engineer to provide staff and support facilities for
the Committee, which they did. The Committee's
Report was presented to the [**31] Governor and the
Legislative Council prior to the 1984 legislative session.
In his address to the 36th New Mexico Legislature,
Second Session, 1984, the Governor asked the
Legislature to act upon the following four
recommendations made by the Committee: (1) [*705]
seek Congressional action to allow states to maintain
their water resources within their boundaries; (2) seek a
compact between Texas and New Mexico to clarify the
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division of surface and related ground water of the Rio
Grande below Elephant Butte; (3) fund a study of the
possibility of appropriating to the State all
unappropriated ground water should the "first two
proposals fail to protect us;" (4) place a five year
moratorium on new ground water permits in the Mesilla
Bolson.

illusory. Foster Fountain Packing Co. v. Haydel, 278
U.S. 1, 10, 49 S. Ct. 1, 73 L. Ed. 147 (1928); Raymond
Motor Transportation, Inc. v. Rice, 434 U.S. 429, 449450, 54 L. Ed. 2d 664, 98 S. Ct. 787 (1978) (Blackmun,
J., concurring). It is the duty of the court to look behind
the legislative recitals of purpose to discover the true
purpose of a challenged statute.

The Committee presented as rationale for the
recommended moratorium that such a measure would
give the State time to develop good hydrological
information, to negotiate the recommended compact
with Texas, to obtain Congressional authorization of an
embargo, and to study the possibility of State entry into
the water market. The Report analyses the economic
implications for New Mexico of the four recommended
actions and concludes that "the principal [**32]
consequences would be to exclude prospective out-ofstate water users, such as El Paso, from access to New
Mexico ground water." Following the receipt of the
Report, the Legislature enacted H.B. 12.

H.B. 12 states that a "deficiency of hydrological
information" hinders or prevents the competent
administration of the ground water in the Hueco and
Mesilla Bolsons. Defendants point to the ongoing United
States Geological Survey ("USGS") study of these
bolsons as evidence that there is a deficiency of [**34]
hydrological information. Unquestionably, there is some
uncertainty as to the hydrological characteristics -- the
transmissivity and storage coefficient -- of the Mesilla
Bolson. The information now available is not exact and,
hopefully, the USGS study will much increase the
knowledge of the aquifer. The same can be said,
however, of a number of other basins throughout the
State where no moratorium on new appropriations has
been deemed necessary. Annual Report of the State
Engineer of New Mexico, June 30, 1983, pp. 20-24.
Dozens of permits for new appropriations have been
granted in some of these basins in spite of the
uncertainty of the hydrological data. Id, p. 11.

H.B. 12 stays for two years the granting of new
appropriations of ground water hydrologically related to
the Rio Grande at or below Elephant Butte, i.e. the
Hueco and Mesilla Bolsons. (The complete text of the
statute is given at Appendix B.) Actually, the moratorium
is of little practical consequence. H.B. 12 does not
prevent the State Engineer from proceeding with the
consideration
of
El
Paso's
applications;
all
administrative hearings necessary to the granting or
denying of the applications may be held. The
administrative proceedings could conceivably outlast the
moratorium. Unquestionably, if this court's ruling is
appealed, the stay will have expired long before there is
a
final
determination
of
its
constitutionality.
Nevertheless, the issue is properly presented and must
be addressed.
The statute recites that a stay is necessary to ensure
competent administration of the subject ground water
because (1) there is a deficiency of hydrological
information as to the ground water, (2) [**33] the
pending applications for the water far exceed the
supply, and (3) the allocation between New Mexico and
Texas of the surface water of the Rio Grande needs
further clarification. If bona fide, these would be
legitimate purposes. HN10[ ] A statute need not
openly disclose "an avowed purpose to discriminate
against interstate [commerce]," though, to violate the
Commerce Clause. Dean Milk Co. v. City of Madison,
340 U.S. 349, 354, 95 L. Ed. 329, 71 S. Ct. 295 (1951).
The stated purposes may be feigned, pretextual or

Furthermore, the State Engineer must utilize some
values for transmissivity and [*706] the storage
coefficient when evaluating the effects of any new well
drilled in the Mesilla Bolson. Yet the New Mexico
Legislature apparently did not deem the lack of
exactitude as to these factors significant enough to halt
the drilling of transfer or supplemental wells.
Defendants do not contend that there is insufficient
hydrological data as to the Hueco Bolson. From the
evidence before the Court, the current USGS study
does [**35] not appear to involve the Hueco Bolson at
all. Thus, this alleged purpose has no relevance to the
administration of the Hueco Basin.
Also revealing is the fact that defendants acknowledge
that the USGS study will be far from complete by
February, 1986. The lack of information which allegedly
requires the stay, therefore, will not be available by the
time the stay expires. In any event, El Paso is required
to establish in the administrative proceedings on its
permit applications that there is unappropriated water
available in the Hueco and Lower Rio Grande
Underground Basins and that no prior rights will be
impaired. The State Engineer can address the
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sufficiency of El Paso's proof in the light of any
significant uncertainty as to the relevant hydrological
data.
H.B. 12 states that the stay is necessary because "the
amount sought to be appropriated in pending
applications far exceeds available supplies." As with the
"deficiency of hydrological data," this justification does
not apply to the Hueco Basin. Other than El Paso's,
there are very few pending applications for
appropriations from the Hueco Basin. Defendants do not
dispute that the Hueco Basin contains 6.2 million acre
feet [**36] of appropriable water. The amount of water
sought by the pending applications, other than El
Paso's, is minimal in comparison, as is the 3300 acre
feet of water now being withdrawn annually.
There has been a glut of applications for permits to
appropriate ground water from the Mesilla Bolson since
El Paso filed its applications. Although the exact
amount of recoverable water in the Mesilla Bolson is
unknown, the pending applications may exceed the
unappropriated supply.
The staying of new
appropriations to deal with this circumstance, however,
is a procedure which circumvents the prior appropriation
doctrine on which New Mexico has always relied to
determine who has the right to use the water available.
Under this doctrine the first applicant in line is not
denied a water right simply because there may not be
enough water for subsequent applicants. Thus,
heretofore, whenever the potential demand threatened
to exceed the unappropriated supply of water from any
particular source, New Mexico's water laws required the
State Engineer to consider applications in the order in
which they had been filed, granting permits until there
was no more unappropriated water. The only factor
that [**37] distinguishes the Hueco and Mesilla Bolsons
which would explain their special treatment is that El
Paso has filed applications for export from those
aquifers.
The third reason H.B. 12 gives for the stay is that "the
allocation of surface water between the states of New
Mexico and Texas needs further clarification." Once
again, this has little relevance insofar as it concerns the
Hueco Basin. The State Engineer's chief hydrologist
testified that the minor effect on the Rio Grande in New
Mexico caused by pumping from the Hueco Basin would
probably not materially affect the day-to-day
administration of that Basin.
In sum, the three concerns listed by the New Mexico
Legislature as motivation for the stay are inapplicable to

the Hueco Basin; the stay does nothing to ensure the
competent administration of that Basin. In its Report the
Committee identified only the Mesilla Bolson as "the
area of primary interest" for the recommended
moratorium. The application of the stay to the Hueco
Basin, therefore, is unwarranted. The inclusion of the
Hueco Basin within the reach of the moratorium casts
doubt on the legitimacy of the Legislature's concerns
with
regard
to
the
Lower
Rio
Grande
Underground [**38] Basin. Again, the one thing the two
Basins do have in [*707] common is that El Paso has
filed applications to appropriate from both of them.
Thus, the moratorium statute on its face discloses an
impermissible, discriminatory purpose. Consideration of
the circumstances surrounding the passage of H.B. 12
only substantiates the conclusion that the true purpose
of the statute is to prevent El Paso from obtaining any
ground water from New Mexico.
The purpose of blocking interstate commerce in ground
water is, of course, a protectionist purpose. Defendants
maintain that the moratorium does not offend the
Commerce Clause because it regulates evenhandedly,
i.e., it stays new appropriations for in-state use as well
as for export. HN11[ ] A state statute, however, may
be invalid because of its protectionist purpose as well as
its discriminatory effect.
Minnesota v. Cloverleaf
Creamery Co., 449 U.S. 456, 471 n. 15, 101 S. Ct. 715,
66 L. Ed. 2d 659 (1981). The balancing test set out in
Pike v. Bruce Church, Inc., 397 U.S.
at 142,
presupposes that the statute being tested has a
legitimate local purpose. Thus, evenhandedness does
not validate an illegitimate purpose.
Moreover,
the
evenhandedness [**39]
of
the
moratorium is only superficial. The Committee analyzed
the economic impact on New Mexico of a stay for five
and ten years, respectively. It found an adverse
economic effect on the state from a five year stay only
under one unlikely scenario: all pending applications for
the subject ground water are granted except one
exceptionally large application for an irrigation water
right, the irrigation water rights granted are put to
immediate use, and the municipal and industrial rights
granted are put to use after ten years. The Committee
did not even address the possible economic impacts on
New Mexico of a two year moratorium. The Report thus
represents that a stay, even for five years, might
possibly have no effect on the New Mexico economy
while excluding El Paso from access to its ground water
while the State pursues more permanent measures.
Even if H.B. 12 were deemed to regulate evenhandedly,
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it quite clearly is intended to effectuate an illegitimate
local purpose -- the complete blockage of interstate
commerce in water. Its effects on interstate commerce
are not incidental; they are calculated. The effect on
interstate commerce is not minimal but substantial.
Further, if the [**40] moratorium were not per se invalid
because of its illegitimate purpose, it would fall under
the Pike balancing test because it is not narrowly
tailored to apply to basins where the deficiency of
hydrological information, excessive demand and
uncertainty of the apportionment of related surface
water affect the administration of the ground water. H.B.
12 impermissibly burdens interstate commerce in
violation of the Commerce Clause of the United States
Constitution and it cannot be enforced.

Mootness
In the earlier stages of this litigation when § 72-12-19
was under consideration, defendants claimed that the
Rio Grande Compact and the New Mexico Constitution
prevented El Paso from obtaining any ground water in
New Mexico. Defendants no longer raise these
defenses. They contend, therefore, that the repeal of §
72-12-19 and enactment of § 72-12B-1 permitting
ground water exportation render the Compact and state
constitutional issues moot.
A large percentage of the efforts of the parties and the
court have been directed towards the Compact and
state constitutional issues. The New Mexico Legislature
has demonstrated its reluctance to accept the Court's
decision that the [**41] Compact does not apportion the
Rio Grande between Texas and New Mexico below
Elephant Butte by citing as a reason for H.B. 12 that
"the allocation of surface water between the states of
New Mexico and Texas needs further clarification." It is
quite possible that defendants would find it expedient to
again raise the Compact and state constitutional
defenses if the Court did not reenter its rulings on these
matters. They should not have to be relitigated between
these parties at the trial level. United States v. [*708]
W.T. Grant Co., 345 U.S. 629, 97 L. Ed. 1303, 73 S. Ct.
894 (1953). The Court will reenter its findings of fact and
conclusions of law as to the Rio Grande Compact and
state constitutional issues.

Conclusion
In summation, the Court finds that the limitation of water
exports to those which are "not contrary to the

conservation of water within the state and [are] not
otherwise detrimental to the public welfare of the
citizens of New Mexico" does not render N.M. Stat. Ann.
§
72-12B-1C
(Cum.
Supp.
1984)
facially
unconstitutional. The consideration by the State
Engineer of the six factors listed at § 72-12B-1D when
acting on applications for new appropriations [**42] of
water to be used outside New Mexico does not violate
the Commerce Clause. The utilization of the
conservation and public welfare criteria and the six
factors listed at § 72-1B-1D to evaluate applications for
domestic wells and transfers of existing rights where the
water is to be used outside the State creates an
unconstitutional burden on interstate commerce. H.B. 12
has an illegitimate protectionist purpose and is facially
unconstitutional. The Rio Grande Compact and state
constitutional issues are not moot and are reaffirmed.
The court's findings of fact and conclusions of law
relating to the Commerce Clause and N.M. Stat. Ann. §
72-12-19 in the Memorandum Opinion of January 17,
1983 are superseded by the findings and conclusions
stated herein.
The parties have made a number of other arguments
each of which the court has considered and found to be
without merit. A Judgment in accordance with this
Opinion will be entered herewith.
APPENDIX A
N.M. Stat. Ann. § 72-12B-1 (Cum. Supp. 1984).
APPLICATIONS FOR THE TRANSPORTATION AND
USE OF PUBLIC WATERS OUTSIDE THE STATE.
A. The state of New Mexico has long recognized the
importance of the conservation of its public
waters [**43] and the necessity to maintain adequate
water supplies for the state's water requirements. The
state of New Mexico also recognizes that under
appropriate conditions the out-of-state transportation
and use of its public waters is not in conflict with the
public welfare of its citizens or the conservation of its
waters.
B. Any person, firm or corporation or any other entity
intending to withdraw water from any surface or
underground water source in the state of New Mexico
and transport it for use outside the state shall apply to
the state engineer for a permit to do so. The state
engineer shall accept for filing and act upon all
applications filed under this section in accordance with
the provisions of this act. The state engineer shall
require notice of the application and shall thereafter
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proceed to consider the application in accordance with
existing administrative law and procedure governing the
appropriation of surface or ground water.
C. In order to approve an application under this act, the
state engineer must find that the applicant's withdrawal
and transportation of water for use outside the state
would not impair existing water rights, is not contrary to
the conservation of [**44] water within the state and is
not otherwise detrimental to the public welfare of the
citizens of New Mexico.
D. In acting upon an application under this act, the state
engineer shall consider, but not be limited to, the
following factors:
(1) the supply of water available to the state of New
Mexico;
(2) water demands of the state of New Mexico;
(3) whether there are water shortages within the state of
New Mexico;
(4) whether the water that is the subject of the
application could feasibly be transported to alleviate
water shortages in the state of New Mexico;
(5) the supply and sources of water available to the
applicant in the state where the applicant intends to use
the water; and
[*709] (6) the demands placed on the applicant's
supply in the state where the applicant intends to use
the water.
E. By filing an application to withdraw and transport
waters for use outside the state, the applicant shall
submit to and comply with the laws of the state of New
Mexico governing the appropriation and use of water.
F. The state engineer is empowered to condition the
permit to insure that the use of water in another state is
subject to the same regulations and restrictions
that [**45] may be imposed upon water use in the state
of New Mexico.

RELATING TO WATER; PROHIBITING FOR A
CERTAIN PERIOD THE GRANTING OF PERMITS TO
APPROPRIATE
CERTAIN
GROUND
WATER;
DECLARING AN EMERGENCY.
Section 1. CERTAIN GROUND WATER -- FINDING -GRANT OF PERMITS -- STAY -- EXCEPTIONS. -A. The state of New Mexico recognizes that with respect
to ground water hydrologically related to the Rio Grande
at or below Elephant Butte dam there is a deficiency of
hydrologic information, the amount sought to be
appropriated in pending applications far exceeds
available supplies and the allocation of surface water
between the states of New Mexico and Texas needs
further clarification.
B. In the interest of ensuring competent administration
of the ground water hydrologically related to the Rio
Grande at or below Elephant Butte dam, a stay is
declared on the granting of permits with respect to all
pending and future applications to appropriate
unappropriated [**46] ground water from aquifers
hydrologically related to the Rio Grande at or below
Elephant Butte dam. The stay shall be for a period of
two years commencing on the effective date of this act.
C. Nothing in this section shall preclude the granting of
permits:
(1) to appropriate unappropriated ground water for
public health emergencies;
(2) to appropriate unappropriated ground water for
domestic, stock water and other uses pursuant to
Section 72-12-1 NMSA 1978; or
(3) to replace or change the location of existing wells.
Section 2. EMERGENCY. -- It is necessary for the
public peace, health and safety that this act take effect
immediately.

End of Document

G. Upon approval of the application, the applicant shall
designate an agent in New Mexico for reception of
service of process and other legal notices.
APPENDIX B
House Bill 12, 36th Legislature, 2d Session, 1984 Laws
of New Mexico:
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IN THE MATTER OF THE APPLICATIONS OF THE
CITY OF EL PASO, TEXAS, Nos. HU 12 THROUGH
HU 71 AND LRG 92 THROUGH LRG 357, TO
APPROPRIATE GROUND WATER FROM THE
HUECO AND LOWER RIO GRANDE UNDERGROUND
WATER BASINS. CITY OF EL PASO, APPELLANT v.
S. E. REYNOLDS, STATE ENGINEER, et al.

Opinion by: PER CURIAM

Opinion
[*1104] Opinion for the Court filed PER CURIAM:

Prior History: [**1] Appeal from the United States
District Court for the District of Columbia, Misc. No. 8800284.

Core Terms
district court, subpoenas, deposition, discovery, moot,
constitutional question, pending appeal, issuance,
requires, reasons, recusal, aides

This is an appeal from an order of the United States
District Court for the District of Columbia quashing
subpoenas issued at the request of the City of El Paso,
Texas ("El Paso" or "the city") to a United States
Senator and three of his legislative aides (collectively
"appellees"). The District Court based its order on
constitutional grounds. Because subsequent events
rendered the matter moot during the pendency of this
appeal, we will not reach the constitutional question, but
will for the reasons more fully set out below affirm the
District Court, vacating the decision of the constitutional
question [**2] on mootness grounds.
I. BACKGROUND

Counsel: Richard D. Milvenan with whom P. M.
Schenkkan, Neil W. Imus and Benjamin Phillips were on
the brief, for Appellant.
Michael Davidson, Senate Legal Counsel, with whom
Ken U. Benjamin, Jr., Deputy Senate Legal Counsel,
and Morgan J. Frankel, Assistant Senate Legal
Counsel, were on the brief, for Appellees, Senator Jeff
Bingaman, et al.

Judges: Wald, Chief Judge, Buckley and Sentelle,
Circuit Judges.

El Paso has long been involved in a controversy with
the state of New Mexico over the city's desire to
withdraw groundwater from that state for use in the state
of Texas. See generally, City of El Paso v. Reynolds,
563 F. Supp. 379 (D.N.M. 1983); City of El Paso v.
Reynolds, 597 F. Supp. 694 (D.N.M. 1984). In the round
of litigation giving rise to the immediate controversy, El
Paso applied to the New Mexico State Engineer for
permits to make withdrawals from two New Mexico
aquifers. After extended discovery and hearings, the
State Engineer denied all of El Paso's applications. The
city appealed the State Engineer's decision to New
Mexico State District Court. When every judge in the
District Court having venue over the controversy either
voluntarily recused or otherwise became ineligible to
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hear the case, the Chief Justice of the New Mexico
Supreme Court designated Judge Manuel D. V.
Saucedo to preside on June 6, 1988.
El Paso moved for change of venue and for recusal of
the designated judge, assigning several reasons for his
disqualification. Among its reasons, El Paso assigned
Judge Saucedo's former employment [**3] in the office
of United States Senator Jeff Bingaman of New Mexico.
El Paso asserts, and it appears to be undisputed, that
Senator Bingaman, as a Senator and formerly as
Attorney General of the state of New Mexico, had been
actively involved on New Mexico's side of the
groundwater controversy.
On September 6, 1988, prior to Judge Saucedo's ruling
on the Motion for Recusal, El Paso caused the issuance
in the District of Columbia of deposition subpoenas for
Senator Bingaman and three of his legislative aides. El
Paso sought to depose the four on their knowledge of
Judge Saucedo's knowledge of, and involvement in, the
groundwater controversy. On September 12, 1988, the
Senator and his aides filed a Motion for Protective Order
seeking to quash the subpoenas. On September 15,
1988, the District Court quashed the subpoenas on the
ground that the Speech or Debate Clause of the United
States Constitution, art. I, § 6, cl. 1, prohibited this
discovery of the Senator and his staff. On October 27,
1988, El Paso filed its Notice of Appeal from the order.
The next day, October 28, Judge Saucedo denied El
Paso's recusal motion. On March 2, 1989, during the
pendency of the present appeal, Judge [**4] Saucedo
dismissed El Paso's action in the New Mexico State
District Court. El Paso appealed that decision in the
state courts of New Mexico. The New Mexico appeal is
currently pending.
II. ANALYSIS
In seeking to subpoena evidence by way of discovery
deposition for use in proceedings in New Mexico, the
City of El [*1105] Paso invoked section 14-103 of the
District of Columbia Code. 1

1 That

statute in its entirety reads as follows:

When a commission is issued or notice given to take the
testimony of a witness found within the District of
Columbia, to be used in an action pending in a court of a
State, territory, commonwealth, possession, or place
under the jurisdiction of the United States, the testimony
may be taken by leave of a judge of the United States
District Court in like manner and with like effect as other
depositions are taken in United States district courts, or

[**5] Upon receipt of the subpoenas, all prospective
deponents moved the District Court for protective
orders. All sought to have the District Court quash the
subpoenas as violative of the Constitution of the United
States, more particularly as inquiring into matters
privileged from discovery under the Speech or Debate
Clause, U.S. Const., art. I, § 6, cl. 1. After hearing
argument, the District Court decided the constitutional
question in favor of appellees and granted quashal of all
four subpoenas. In due course, El Paso appealed.
In reviewing the decision of the District Court, we find
that a resolution of the constitutional question is no
longer necessary in the light of subsequent events. The
statute under which the depositions were issued, D.C.
Code Ann. § 14-103, specifies that "the testimony may
be taken by leave of a judge of the United States District
Court in like manner and with like effect as other
depositions are taken in the United States district
courts." (emphasis added). In District Court the
"manner" and "effect" of taking and using "other
depositions" is governed by Rules 26-32, 34, and 37 of
the Federal Rules of Civil Procedure. At the time of the
District [**6] Court hearing, a trial court proceeding was
ongoing in the controversy in which El Paso sought the
subpoenas, and the District Court quite properly looked
to the provisions of Rule 26(c), governing the issuance
of protective orders. The Court therefore explored the
merits of the deponents' claim of constitutional privilege.
However, as we noted in Part I, supra, much has
happened since the District Court's inquiry. Now, there
is no longer a trial proceeding in aid of which a
subpoena for discovery deposition may issue. It is that
sort of subpoena that appellants pursued in the District
Court. In the case of a discovery deposition, under the
Federal Rules, "the attendance of witnesses may be
compelled by subpoena as provided in Rule 45."
Fed.R.Civ.P. 30(a). The procedural requirements for the
issuance of such a subpoena and the taking of such a
deposition are quite simple. "Proof of service of a notice
to take a deposition as provided in Rules 30(b) and
31(a) constitutes a sufficient authorization for the
issuance . . . of subpoenas for the persons named or
described therein." Fed.R.Civ.P. 45(d)(1). Now,
however, the trial proceeding in which the discovery
depositions were sought [**7] is on appeal. Depositions
pending appeal are governed not by Rules 26, 30, and
45, but by Rule 27, titled "Depositions Before Action or
by leave of a judge of the Superior Court of the District of
Columbia in the manner prescribed by the rules of that
court.
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Pending Appeal." Rule 27(b), "Pending Appeal,"
provides a deposition procedure, but only by leave of
the trial court, and only for the purpose of perpetuating
"testimony for use in the event of further proceedings. . .
." Subpoenas for deposition pending appeal are
allowable only upon motion and a showing of, inter alia,
"the substance of the testimony which [the movant]
expects to elicit from each," of the witnesses and "the
reasons for perpetuating their testimony." Fed.R.Civ.P.
27(b). Unlike the more or less automatic issuance of
discovery deposition subpoenas pending trial, this rule
requires a real showing of the need for the preservation
of the evidence and a finding by the District Court that
"the perpetuation of testimony pending appeal . . . is
'proper to avoid a failure or delay of justice.'" Lombard's,
Inc. v. Prince Mfg., Inc., 753 F.2d 974, 976 (11th Cir.
1985) (quoting Fed.R.Civ.P. 27).
Appellants have made no such motion, alleged no such
need, offered no such showing, and obviously there has
been no occasion [**8] for the District Court to make
any such finding or enter such order. The procedural
propriety of the discovery subpoenas [*1106] before
the District Court was evident at the time of the
proceedings under review. At that point, the District
Court was properly confronted with the constitutional
question. We are not. The availability of discovery
subpoenas of the Senator and his aides is now moot.
There is no pending trial in which such discovery can be
used. Granted, the question was not a moot one when
the District Court confronted it. But, we must view the
question of mootness as of the time the case is before
this Court, not the District Court.
Article III of the Constitution requires that there be a
live case or controversy at the time that a federal
court decides the case; it is not enough that there
may have been a live case or controversy when the
case was decided by the court whose judgment we
are reviewing.

Burke v. Barnes, 479 U.S. 361, 363, 93 L. Ed. 2d 732,
107 S. Ct. 734 (1987). The constitutional validity of
subpoenas now procedurally void presents no live case
or controversy.
If El Paso still wishes to pursue the information [**9] in
the hands of the Senator and his aides, then the only
route available in the District Court is by compliance
with Rule 27, and it is available only if the threshold
requirements of that rule are met. We have no way of
knowing whether El Paso even purports to be able to

make such a showing or what the District Court's
decision would be if they do. In short, that question
simply is not before us.
The customary disposition of a case that has become
moot on appeal requires that the judgment under review
be vacated. United States v. Munsingwear, Inc., 340
U.S. 36, 39, 95 L. Ed. 36, 71 S. Ct. 104 (1950). "This
disposition strip[s] the decision below of its binding
effect." Deakins v. Monaghan, 484 U.S. 193, 200, 108
S. Ct. 523, 528, 98 L. Ed. 2d 529 (1988). Additionally, in
an action commenced by the filing of a complaint, we
would normally remand the case with direction to
dismiss the complaint as moot. Munsingwear, 340 U.S.
at 39. In the proceedings before the district judge in the
present case, there was of course no complaint but only
the subpoenas. Therefore, while we affirm the quashal
of the subpoenas, we do so on grounds [**10] of
mootness while directing that the decision be vacated
insofar as it determines the constitutional question.
In reaching this conclusion, we are instructed by the oftrepeated adage that a "most fundamental principle of
constitutional adjudication is not to face constitutional
questions but to avoid them, if at all possible." United
States v. Lovett, 328 U.S. 303, 320, 90 L. Ed. 1252, 66
S. Ct. 1073 (1946) (Frankfurter, J., concurring). In the
present case, we would further note, while not
necessary to our decision, that El Paso has contributed
to the occurrence of mootness on appeal. Though the
United States District Court granted the Motion for
Protective Order on September 15, El Paso did not note
its appeal until October 27. Even then, though Judge
Saucedo denied El Paso's recusal motion on October
28, and did not dismiss the underlying action until March
2, 1989, El Paso never, either between September 15
and October 28 or between October 28 and March 2 of
1989, moved for expeditious consideration. While we do
not normally favor such motions, Rule 7(h)(2) of the
Rules of this Court provides for such a request by way
of "Emergency Motion," and one might well [**11] have
been filed in this case assigning as grounds the status
of the underlying New Mexico action. We will not, of
course, express in the abstract what our ruling would
have been had such motion been filed, but the failure to
pursue that possibility certainly blunts any complaint of
injustice El Paso might have with our present ruling.
III. CONCLUSION
For the reasons set forth above, we determine that the
issues giving rise to this appeal are now moot. We
therefore affirm the quashal of the subpoenas, but
remand this proceeding to the District Court for vacation
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of its decision insofar as it determined the constitutional
question.
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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES
GROUND-WATER RESOURCES OF THE LOWER MESILLA
VALLEY, TEXAS AND NEW MEXICO

By E. R. LEGGAT, M. E. LOWRY, and J. W. HOOD
ABSTRACT

The lower Mesilla Valley extends southward from the vicinity of Anthony,
Tex., to the gorge of the Rio Grande north of El Paso and westward from the
Franklin Mountains to the east edge of La Mesa. The increase in the use of
ground water for the public water supply of El Paso and for supplemental irrigation, when the surface-water allotments were inadequate, emphasized the
need for an investigation of the ground-water resources of the lower Mesilla
Valley.
The deep and medium aquifers in the Santa Fe group, whose maximum thickness is at least 2,000 feet, are the major sources of ground water for public
supply. The alluvium (shallow aquifer), which supplies water chiefly for irrigation and to a lesser extent for industrial and municipal supply, has a maximum thickness of about 150 feet.
The Santa Fe group is recharged by precipitation on the surface of the uplands.
The alluvium is recharged by seepage from drains, irrigation canals, and the
river, from excess surface water applied to the land, from precipitation on the
valley floor, and from the upward movement of water from the Santa Fe group.
Ground water is discharged by evapotranspiration in areas of high water table,
by seepage to the drains and river, by underflow at the south end of the valley,
and by wells. Except in the uplands, water in the Santa Fe is under confined
(artesian) conditions; water in the alluvium is under unconflned (water-table)
conditions.
Pumpage of ground water for irrigation and for the public supply of El Paso
increased from 1951 through 1956. Irrigation pumpage decreased in 1957 and
1958, when surface-water allotments were increased. In 1958 the city of El
Paso wells pumped an average of 6.8 million gallons per day from the deep
and medium aquifers of the Santa Fe, an increase of 4.3 million gallons per day
from the quantity pumped in 1957. The 1958 pumpage from the medium and
deep aquifers is estimated to be about 50 percent of the annual recharge to the
Santa Fe.
Aquifer tests in the El Paso city well field northwest of Canutillo indicate
substantial leakage between the shallow, medium, and deep aquifers. The
coefficients of transmissibility averaged about 60,000 gallons per day per foot in
the deep aquifer, 35,000 in the medium aquifer, and 150,000 in the shallow
aquifer.
The quantity of fresh water in storage in the Texas part of the valley is
estimated to be 560,000 acre-feet, of which 150,000 acre-feet is in the alluvium.
AA1

TX_MSJ_005983

AA2

CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

Less than half the fresh water in storage however, may be recovered by wells,
owing to the possibility of salt-water contamination.
North and west of Canutillo, water in the medium and deep aquifers of the
Santa Fe is satisfactory for municipal use. The water in the alluvium is relatively fresh but more mineralized than that in the Santa Fe. South of Canutillo, the water in the alluvium is highly mineralized but, generally, is of better
quality than the water in the underlying Santa Fe.
Pumping from the medium and deep aquifers may result in the percolation of
water of poor quality from the shallow aquifer. Large-scale pumping from the
alluvium is possible because of large amounts of recharge from seepage of excess
surface water applied to the land and from drain flow.
INTRODUCTION

PURPOSE AND SCOPE OF INVESTIGATION

The purpose of the investigation was to determine the quantity and
quality of ground water available in the lower Mesilla Valley for the
public supply of El Paso and for industrial and irrigation use. Fieldwork was begun in 1952 but was interrupted in December 1953. The
investigation was resumed in 1957 and completed in December 1958.
Well records, drillers' logs, sample logs, water-level measurements,
and chemical analyses of samples of water on which this report is based
are on file with the U.S. Geological Survey. The report contains
maps showing the location of wells, the altitude of water levels in
various wells, the approximate decline of the water table, and hydrographs showing the fluctuations of water levels in selected wells.
Aquifer tests were made at the sites of 15 wells to determine the hydraulic characteristics of the water-bearing formations in the valley.
During the course of the investigation, the geology of the valley was
studied and geologic sections were prepared. Diagrams and tables
show the quality of samples of water from selected wells, from the Rio
Grande, and from drains. Wells are numbered to conform to a 10minute grid system established during the ground-water investigation
of the Hueco Bolson in 1954. The grids are identified by letters of the
alphabet. Inside the grids the individual wells are numbered consecutively, beginning in the northwest corner. Because the fieldwork
and preparation of the report were interrupted, however, it was not
possible to maintain the consecutive numbering of the individual wells.
The investigation was made by the U.S. Geological Survey in cooperation with the Texas Board of Water Engineers and the city of
El Paso and is part of a statewide program of ground-water investigation. The investigation was made under the administrative direction of A. N. Sayre and P. E. LaMoreaux, successive chiefs of the
Ground Water Branch of the U.S. Geological Survey, and under the
supervision of R. W. Sundstrom, district engineer in charge of
ground-water investigations in Texas.
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LOCATION AND EXTENT OF AREA

The report area includes about 135 square miles in the southern
part of the Mesilla Valley, extending from the vicinity of Anthony to
the gorge of the Rio Grande about 4 miles north of El Paso. (See
pi. 1 and %. 1.) The lower Mesilla Valley is divided approximately
in half by the Texas-New Mexico boundary line; data on several wells
in New Mexico are included in the report. The towns of White Spur,
Anthony, and Canutillo are near the east edge of the valley in Texas.
The village of La Union, N. Mex., near the west edge, is directly across
the valley from Canutillo. The valley is served by the Atchison,
Topeka, and Santa Fe Railway, by U.S. Highway 80, and by several
county roads.
El Paso, the largest city on the United States-Mexico border, lies
on the south and southeast flanks of the Franklin Mountains. The
population of the metropolitan area in 1957 was estimated to be
250,000. El Paso is a business, livestock, and railroad center, a port
of entry from Mexico, and the headquarters of Fort Bliss and Biggs
Air Force Base. Industries include smelters, oil refineries, cotton
gins, oil mills, textile mills, breweries and soft-drink plants, foodprocessing plants, and creameries.
PREVIOUS INVESTIGATIONS

Ground-water conditions in the gorge of the Rio Grande north of
El Paso and in parts of the Mesilla Valley were first described by
Slichter (1905.) He investigated the underflow of the Rio Grande at
the narrows above El Paso, the site of a proposed international dam.
Lee (1907) in his report on the water resources of the Rio Grande
Valley gave data on wells in the Mesilla Valley. He also discussed the
quantity, source, and probable discharge of ground water in the Mesilla
Valley. Sayre and Livingstoii (1945) discussed in detail the geology
and ground-water resources of the El Paso area. The geologic descriptions of Sayre and Livingston have been most helpful and have been
used freely in the geologic discussion in this report.
Other useful reports are by Dunham (1935) on the geology of the
Organ Mountains; by Bryan (1938) on the geology and ground-water
conditions of the Rio Grande depression; by Conover (1954) on the
Rincon and Mesilla Valleys in New Mexico; and by Kottlowski (1958)
on the geologic history of the Rio Grande near El Paso.
Ground-water studies at the Federal Correctional Institution near
La Tuna were made in 1930, 1935, and 1937, but the reports were not
published. Sundstrom (1952) prepared a report on the investigation
made in 1952, which incorporated some of the data collected in the
earlier investigations.
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FIGURE 1. Physiographic map of parts of Texas, New Mexico, and Mexico showing the
location of the lower Mesilla Valley.
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TOPOGRAPHY

The lower Mesilla Valley is cut into the unconsolidated deposits of
La Mesa bolson. The steep-walled valley slopes at the rate of 4.5 feet
per mile from the town of Anthony to the gorge of the Eio Grande.
The relatively level valley floor ranges in width from less than a thousand feet at the gorge of the Rio Grande to 4.5 miles at Anthony. At
the south end of the valley, the Rio Grande flows through a narrow
gorge between the Franklin Mountains, which form the eastern boundary of the valley, and the Cerro de Muleros, a conical hill. Mount
Franklin, the highest peak of the Franklin Mountains, rises to an altitude of 7,149 feet, about 3,400 feet above the Rio Grande flood plain.
Sierra del Cristo Rey (altitude 4,576 feet), the highest point of the
Cerro de Muleros, rises 845 feet above the Rio Grande.
The La Mesa surface, which is the second highest of four erosional
surfaces recognized by Dunham (1935, p. 178-185), is a broad plain
that extends as a nearly unbroken surface from Las Cruces, N. Mex.,
southward into Mexico. East of the Rio Grande the La Mesa surface
consists of dissected pediments on the flanks of the Franklin Mountains. The various erosional surfaces are due to pedimentlike planation and local stream terracing. They were built up and dissected by
tributary streams from the uplands and then graded to particular floodplain levels of the Rio Grande. The lower surfaces are terrace levels,
which are almost entirely the work of tributary streams (Kottlowski,
1958, p. 53).
CLIMATE

The lower Mesilla Valley is arid, and its climate is characterized by
a wide range in temperature, low humidity, hi^h evaporation, and low
precipitation. According to U.S. Weather Bureau records, the mean
annual temperature at El Paso from 1887 to 1958 was about 63° F.
Figure 2 shows the average monthly temperature during this period.
Large diurnal temperature changes are common. Summer temperatures during the day frequently rise to more than 90° F and occasionally to more than 100° F and dip to the 60's at night. Winter temperatures below freezing occur on an average of about 45 days per year.
Small amounts of snow fall nearly every year but seldom remain on the
TX_MSJ_005987
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ground for more than a few hours. The growing season, from the last
killing frost in the spring to the first killing frost in the fall, averages
about 200 days. Sandstorms occur at any time during the year; however, storm frequency and intensity are greatest in March and April.
The average relative humidity is less than 50 percent, indicating a
high rate of evaporation. The evaporation from a free-water surface
averages 107.43 inches, or about 12 times the average annual precipitation. Figure 2 shows the average monthly evaporation at Ysleta from
1948 to 1958.
Kainfall is insufficient for the growth of any except desert vegetation, and irrigation is necessary for crops, gardens, and lawns. The
average annual precipitation at El Paso for the period 1878-1958 was
8.71 inches. More than half the precipitation is concentrated during
the summer in brief but heavy thundershowers. Although the time
distribution of rainfall is advanageous for agrciulture, the amount
is inadequate and must be supplemented by irrigation from surfaceor ground-water supplies. Figure 3 shows the maximum, minimum,
and mean monthly precipitation at El Paso from 1878 to 1958.
GEOLOGY

The Mesilla Valley was formed by the downcutting of the Rio
Grande in La Mesa bolson. La Mesa is a structural basin filled with
unconsolidated or slightly consolidated deposits of Tertiary and Quaternary age derived from the erosion of bordering highlands. The
highlands were reduced in late Tertiary tune and later rejuvenated to
form the present ranges.
The main body of sediments in the lower Mesilla Valley belong to
the Santa Fe group of middle(?) Miocene to Pleistocene(?) age
(Spiegel and Baldwin, 1963). Sediments of more recent age overlie
the Santa Fe group as outwash-fan deposits, windblown deposits, and
alluvium laid down by the Rio Grande. As the alluvium is derived
from the erosion of the Santa Fe group and consequently shows similar
characteristics, it is difficult to determine the contact between the
alluvium and the Santa Fe.
CONSOLIDATED BOCKS

Consolidated rocks in and near the lower Mesilla Valley include
both igneous and sedimentary rocks ranging in age from Precambrian
to Tertiary. Most of the igneous rocks are Precambrian or Tertiary
in age; the sedimentary deposits are pre-Tertiary. The largest areas
of outcrop are in the Franklin and Organ Mountains. In the area
between the Franklin Mountains and the Cerro de Muleros, andesite
porphyry crops out. Cretaceous limestone and shale are exposed on
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FIGURE 2. Monthly temperature at El Paso and monthly evaporation at Ysleta, Tex.
(From records of U.S. Weather Bureau.)'
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FIGURE 3. Maximum, minimum, and mean monthly precipitation at El Paso, Tex.,
1878-1958. (From records of U.S. Weather Bureau.)

the flanks of the igneous core of the Cerro de Muleros. The obstruction of the lower end of the valley by andesite, which was intruded
prior to deposition of the Santa Fe group, materially affects the quality
of water in the valley. Cretaceous sedimentary rocks are exposed
around cores of Tertiary volcanic rocks (andesite porphyry) about 2
miles northeast of White Spur.
Most of the wells that penetrate consolidated rocks are either on the
uplands between the flood plain and the Franklin Mountains north
and northwest of the Cerro de Muleros or in the Eio Grande gorge.
Several wells which range in depth from 83 to 1,573 feet and which
have been drilled to the bedrock beneath the water-bearing Santa Fe
group north and northwest of the Cerro de Muleros do not obtain
water from consolidated rocks. Well U-59 in the gorge obtains a
moderate supply of water satisfactory for industrial use from consolidated rocks of Cretaceous age.
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Several wells penetrated bedrock below varied thicknesses of alluvium in the upland east and southeast of White Spur. Well U-12,
depth 1,690 feet, obtained water from limestone and sandstone at
1,590 feet. The well which reportedly yielded 200 gpm (gallons per
minute) was abandoned because of the high fluoride content of the
water. Six wells (Q-158 to Q-163) probably obtain small quantities
of water from bedrock; however, it is possible that some of them obtain water from the overlying alluvium.
Well Q-138, depth 1,074 feet, known as Lippincott well in the
south-central part of the valley, is reported to have flowed salty water.
According to the driller's log, well Q-138 penetrated sandy zones in
the bedrock below 822 feet that contained small quantities of water.
On the upland east of U.S. Highway 80, eight wells penetrated bedrock at depths ranging from 177 feet (Q-77) to 820 feet (Q-72). Only
well Q-76 was tested; it yielded small quantities of potable water
from "black rock," probably of Pennsylvanian age.
An abnormally high thermal gradient of ground water in the
medium and deep aquifers of the Santa Fe group suggests that the
temperature of the ground water is affected by the latent heat of the
igneous rocks that are scattered throughout the area. In six wells in
the medium and deep aquifers, the thermal gradient ranged from 1°F
per 33 feet to 1°F per 41 feet, which is considerably greater than
the thermal gradient in the Hueco Bolson.
In general, the consolidated rocks in the lower Mesilla Valley are
not a source for moderate or large supplies of ground water.
UNCONSOLIDATED DEPOSITS

Unconsolidated deposits in the lower Mesilla Valley consist of sand,
gravel, clay, silt, caliche, and conglomerate. According to Bryan
(1938, p. 205), most of the sediments in La Mesa bolson belong to the
Sante Fe group. The unconsolidated deposits contain the shallow,
medium, and deep aquifers. Although these aquifers are discussed
as separate water-bearing units, they are hydraulically connected.
The shallow alluvial deposits and a part of the underlying Sante Fe
group compose the shallow aquifer. The bulk of the Santa Fe group
comprises the medium and deep aquifers.
SANTA FE GROUP

The Santa Fe group underlies the lower Mesilla Valley and is exposed in nearly all the arroyos between the flood plain and the Franklin Mountains and in the bluffs at the east edge of La Mesa. In the
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uplands east of the Rio Grande, the top of the Santa Fe, which consists mostly of coarse sand and gravel containing some calichecemented boulders, probably is correlative with the Pleistocene cap of
the Santa Fe, as defined by Spiegel and Baldwin (1963). A thick
series of red to brown silty clay and fine to medium sand or poorly
consolidated sandstone and thick-bedded conglomerate underlies the
coarse sediments.
Characteristic responses in electric logs of eight wells northwest of
Canutillo suggest that the Santa Fe may be subdivided into two units.
In electric logs, the curve on the right side of the baseline represents
the relative resistivity of the individual beds. A deflection of the
resistivity curve to the right (increase in resistance) usually indicates
a fresh water-bearing sand. Sand beds containing brackish or salty
water have low resistance and cause little or no deflection of the resistivity curve. The approximate base of fresh water was determined
from interpretation of electric logs and from water analyses. It is
not possible to determine on the basis of available data if the units can
be correlated over a large part of the valley.
The lower unit (the deep aquifer of the well field northwest of
Canutillo) is composed of unconsolidated fine to medium sand; the
percentage of clay is smaller than in the upper unit. The low, but
uniform, resistivity response in the well field suggests that the sand in
the lower unit is uniform, thick bedded, and relatively free of interbedded shale or clay. The lower unit reaches a maximum thickness
of at least 1,000 feet in well Q-178; electric logs indicate that tliR
lower unit thickens to the north and west.
The upper unit of the Santa Fe, which contains the medium aquifer
and a part of the shallow aquifer of the El Paso well field, is exposed
in arroyos above the flood plain and in the bluffs of La Mesa. It consists of alternating layers of varied thickness of fine to coarse sand,
gravel, and reddish-brown silty clay. Locally the sand is crossbedded, lenticular, and predominantly medium grained. The fact
that the clay is evenly bedded in many exposures along Mesa Road
(U.S. 80) indicates that clay layers may extend laterally for considerable distances.
The following section near Anapra, Dona Ana County, N. Mex.,
was measured by Sayre (Sayre and Livingston, 1945, p. 32). The top
7 feet, consisting of sediments of Recent and Pleistocene age, is underlain by sediments of the upper part of the upper unit of the Santa Fe.
The sand and gravel underlying the Recent and Pleistocene sediments
may be equivalent to the Pleistocene cap of the Santa Fe group.
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Topsail, very sandy, reddish-buff, partly removed.
Caliche, hard, dense, white; grades downward into very fine gray sand
Sand, moderately fine, light-gray, uncemented; contains layers of gravel
and igneous-rock pebbles, mostly derived from lava flows
Clay, sandy, brown_______ _
Quartz sand, medium; mixed with pellets of calcium carbonate
Sand, medium to coarse, salt and pepper_ _
Clay, sandy, brown to gray_____________
Sand, medium to coarse, light-gray, crossbedded; contains some coarse
gravel _________________ _
Sand, clayey, fine, massive, light-buff; contains irregular lenses of clean
sand. Tubes of sand cemented with calcium carbonate are near the
base _____________________________
Sand, extremely fine, gray; layers of coarse sand near middle
Clay, gray, much disturbed and broken_________ _
Sand, medium, gray; laminated layers of alternating black and white sand
near base __
_ ____ ___
Sand, clayey, light-buff, crossbedded____________ _
Sand, medium, loose, gray__
__
Sand, fine, buff to gray, crossbedded; pellets of clay and caliche on bedding
planes ______________________________________
Covered; mostly sand _______________________________
Clay, lighMbuff, and sandy clay_ ____ ___
_
Sand, fine, light-gray, crossbedded________________________
Clay, laminated, light-buff, and sandy clay__________________
Sand, fine, gray, crossbedded__________________________
Clay, massive, light-buff________________________ __
Sand, fine, massive, yellowish-buff, cemented; grades into gray sand near
base; partly covered______ _____ _
Clay, chocolate-brown, and interbedded light-buff massive sandstone __
Sand, brown, crossbedded, partly covered___________________
Clay, silty, buff- to chocolate-brown______________________

Feet
7
5
1
.5
6
2
45
9
14
1.3
30
1.5
6
2.5
25
6
5
2.5
3
2.5
30
11
10
9

Total _____________________________________ 234. 8

In the flood plain, the upper unit reaches a depth of 470 feet in well
Q-86, 678 feet in well Q-178, and possibly 1,100 feet in well Q-144.
According to electric logs and drillers' logs, the maximum thickness of
the upper unit is at least 1,000 feet and perhaps as much as 1,400 feet.
Electric logs and drillers' logs reveal that in the flood plain a thickbedded limestone conglomerate underlies the lower unit but that east
of the flood plain the conglomerate occurs within the Santa Fe. The
conglomerate, derived from limestone that probably is of Cretaceous
age (Virgil Barnes, oral communication, Feb. 27,1957), has a maximum observed thickness of 160 feet in well Q-173. According to the
electric and driller's logs of well Q-173, the conglomerate is underlain
by clay, sand, and gravel. Although the sediments underlying the
conglomerate probably are Santa Fe in age, they are not included in
the lower unit. Plates 2 and 3 show that the conglomerate lies at a
greater depth north and west of well Q-173. Well Q-178, depth
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1,705 feet, did not penetrate the conglomerate. The highly resistive
zone between 1,280 and 1,380 feet in well Q-178 is an igneous sill
underlain by sand, shale, and clay of the lower unit of the Santa Fe.
The igneous rock penetrated by well Q-178 may be associated with the
series of volcanic rocks interbedded with the Santa Fe group of
sediments near Las Cruces, N. Mex.
The maximum thickness of the Santa Fe group in the lower Mesilla
Valley is not known; unconsolidated sediments were penetrated to a
depth of 1,705 feet in well Q-178. The original thickness of the unconsolidated sediments in the area, whose surface is about 300 feet lower
than La Mesa, may have been about 2,000 feet. Because the sediments
thicken toward the center of the basin, however, it is probable that
the maximum thickness of the Santa Fe is considerably greater.
The medium and deep aquifers of the Santa Fe group are the major
sources of ground water for public supply in the valley. Many wells
obtain water from both the Santa Fe and the alluvium. Yields as
large as 3,000 gpm of fresh water have been obtained from the Santa Fe
north and northwest of Canutillo. South and southwest of Canutillo,
the water in the Santa Fe is brackish or salty. Small to moderate
quantities of fresh water have been obtained from the Santa Fe in
the upland east of the Rio Grande, where the saturated thickness is
much less.
AI/LUVIUM

The alluvium consists of poorly sorted sand, gravel, clay, and silt,
the thickest section of which is the valley fill in the flood plain. On
La Mesa and the lower terraces, the alluvium is thin, generally
consisting of a veneer of windblown sand or a cap of coarse gravel.
The maximum thickness of the alluvium is not known. Bryan
(1938, p. 218) stated that the depth of gravel in the riverbed may be
taken as a rough measure of the depth of scour in great floods. Because
of the shifting riverbed, the gravel may be penetrated at different
depths in wells that are relatively near together; thus, individual beds
cannot be correlated from well to well. Conover (1954, p. 25)
reported that the alluvium near Las Cruces, N. Mex., is about 220 feet
thick. Slichter (1905, fig. 2) showed the maximum depth of the fill
in the gorge to be not more than 86 feet. Gravel or very coarse sand
was penetrated in 29 wells at depths ranging from 42 to 130 feet.
Therefore, it may be assumed that the thickness of the alluvium
probably does not exceed 150 feet.
The alluvium in the valley is the major source of ground water for
irrigation and for industrial use. Yields as large as 3,015 gpm have
been obtained. The water in the alluvium varies in quality. Generally, it is more mineralized than the water in the river or in the
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underlying Santa Fe, but south of Canutillo, the water in the alluvium
is less mineralized than the water in the Santa Fe.
GROUND WATER
HISTORY OF DEVELOPMENT

Prior to 1950, the principal use of ground water in the lower Mesilla
Valley was domestic. In 1922 the city of El Paso drilled two test
wells in the south end of the valley. Chemical analyses of samples
showed that the water in the two wells, one of which is known as the
Lippincott well (Q-138), was too highly mineralized for most purposes. Mr. Paul Harvey, owner of the waterworks at White Spur,
drilled several wells in the vicinity in search of water suitable for
public supply. Of 11 wells drilled in 1946, only 8 produced water
of satisfactory quality. In 1951 and 1952, the city of El Paso drilled
six wells in the shallow aquifer about 1 mile northwest of Canutillo.
The water was pumped into the river for delivery to the treatment
plant in El Paso. Because of excessive transmission losses, however,
a pipeline capable of delivering 20 mgd (million gallons per day)
was built. In 1955, six more wells were drilled in the shallow-well
field. The total capacity of the wells in the shallow-well field is about
15 mgd.
In 1953 nine test wells were drilled in the valley as a part of the
cooperative exploratory program in the Hueco Bolson. The wells
were electrically logged, and chemical analyses were made of water
samples from various depths. As a result of the program, the city
drilled six wells in the period 1956-58 about 3 miles northwest of
Canutillo, five wells ranging in depth from 1,072 to 1,262 feet and one
well 550 feet deep. The wells, which obtain water from the deep and
medium aquifers, have a total capacity of about 16 mgd.
Small quantities of ground water were used as supplemental supplies for irrigation for many years before 1954. In 1946 only 2 largecapacity wells were being used; during the period 1946-50 the number of irrigation wells increased to 16. Because of the decrease of
surface water in storage in Elephant Butte and Caballo Reservoirs,
N. Mex., the use of ground water for irrigation as a supplement to
surface water increased rapidly. During 1951, 54 irrigation wells
were drilled; by the end of 1954, about 250 wells were used to irrigate
15,000 acres of cotton and alfalfa with 40,000 acre-feet of water
(Smith, 1956, p. 10). In October 1957, the Bureau of Reclamation
reported that approximately 205 irrigation wells were in operation.
The large-scale industrial use of ground water began in 1951, when
the American Smelting and Refining Co. and the El Paso Electric
695-880 63
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Co. drilled 40 test wells in the south end of the valley. As a result of
this program, a well field of 10 wells was developed. The industrial
use of ground water increased each year, except in 1958, when the
American Smelting and Eefining Co. abandoned its well field.
OCCURRENCE AND MOVEMENT

The principles of the occurrence and movement of ground water
in rocks have been described by Meinzer (1923a, p. 2-192; 1923b; 1942,
p. 385-497) and Wenzel (1942) among others. The occurrence and
movement of ground water in the lower Mesilla Valley are discussed
briefly here.
In the lower Mesilla Valley, ground water occurs under water-table
(unconfined) and artesian (confined) conditions. In the alluvium of
the flood plain and the Santa Fe group in the uplands, water is unconfined and does not rise in wells above the level at which it is first
found.
In the valley, where the relatively impermeable clay of the Santa
Fe group probably retards the movement of water between the deep
and shallow aquifers, the water is confined under sufficient pressure
to cause it to rise above the water table in the shallow deposits and
in some wells to cause it to flow. For example, in January 1957" the
water level in well Q-172 rose 1.25 feet above the land surface and
about 8 feet above the water table in the alluvium.
The general direction of ground-water flow in the uplands is toward
the Rio Grande. Conover (1954, p. 32) stated "ground water does
not flow southward under La Mesa to Mexico but rather, from the
Mexican boundary * * * northward and eastward to the Rio Grande."
There is a ground-water divide in the pass between the Organ and
Franklin Mountains. West of the divide, ground water flows toward
the Rio Grande.
Plate 4 shows by contour lines the configuration of the water table
in the alluvium in the lower Mesilla Valley in 1957. The movement
of ground water, which is at right angles to the contours, generally
is toward the south, except where large or concentrated withdrawals
of ground water have formed cones of depression. The depressions,
roughly conical in shape, are produced in a water table or piezometric
surface by pumping. The gradient of the water table in the alluvium
from the town of Anthony to the 3,736-foot contour near the forge
is about 4 feet per mile, approximately the same as that of the river.
On La Mesa, the water-table gradient from Strauss, N. Mex., eastward
to the 3,745-foot contour was about 7 feet per mile in 1953. In the
deep-well field 3 miles northwest of Canutillo, the gradient of the
piezometric surface was not obtained because of interference from
pumping. The piezometric surface is the imaginary surface to which
TX_MSJ_005996
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the artesian water will rise in tightly cased wells that penetrate the
aquifer. It is probable, however, that the gradient approximates
that of the water table in the shallow aquifer.
RECHARGE

Ground water in the lower Mesilla Valley is derived as follows:
From direct infiltration of precipation; from seepage from canals
and laterals from the Rio Grande; from irrigation water applied to
the land; and from ground-water flow from the uplands.
Precipitation on the valley floor probably does not contribute appreciable quantities of water to the ground-water reservoir. Most of the
precipitation occurs in showers during the summer, when the evaporation rate is high; it does not reach the water table except during
wet periods.
Most of the recharge to the shallow ground-water reservoir is derived
from seepage from canals, laterals, and from irrigation water applied
to the land. The quantity derived from each source is difficult to determine, but Conover (1954, p. 77) estimated that during an average year
the irrigation water applied to the land in excess of crop requirements
was about 17 percent of the gross diversion from the Rio Grande.
Guyton and Scalapino in a consulting report to the El Paso Public
Service Board estimated the annual recharge from canals, laterals,
and irrigated lands to be at least 2 acre-feet per acre of land irrigated
and generally somewhat more, or at least 36,000 acre-feet. This
amounts to about 50 percent of the water applied for irrigation. Before large withdrawals of ground water for irrigation, the water derived from seepage from canals, laterals, and irrigated lands actually
was in transit to the drains and to the river. Conover (1954, p. 44)
estimated that from 1930 to 1946 the average return of drain flow in
the Mesilla Valley was 52 percent of the reported net diversion from
the river.
When surface-water supplies are adequate, the Eio Grande is an
effluent, or gaining, stream during most of the year and in effect is a
drain for La Mesa bolson. As a result of large-scale pumping, however, the river temporarily becomes an influent, or losing, stream locally, where the water table is lower than the riverbed. In January
1953 the Rio Grande was effluent from Anthony south to the gorge.
Losses from the river to the ground-water reservoir became evident in
1955; in 1957 they were considerable, owing to the large increase in the
withdrawal of ground water for irrigation and public supply. For
example, Duisberg (1957, p. 67) reported that transmission losses for
the Rio Grande project below Caballo Reservoir were low before 1950,
but that in 1955 they were about 65 percent and in 1956 about 75
percent of the flow.
TX_MSJ_005997
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In addition, the city of El Paso in 1955 pumped about 10 mgd into
the river for delivery to the treatment plant in the city. Duisberg
(195T, p. 67) reported that the water flowed in the river for about 5
miles before returning to the ground-water reservoir. Plate 4 shows
that the river in 1957 continued to lose water between Vinton Bridge
and Canutillo, although it is effluent between Anthony and Vinton
Bridge.
The river between Vinton Bridge and Canutillo forms the east edge
of the El Paso shallow well field and is within the cone of depression
created by withdrawals from the field. Because losses to or gains
from the river change seasonally and yearly in rseponse to pumping
and other factors, it is not possible to determine the amount of recharge
to the ground-water reservoir that is derived from the Rio Grande.
The accretion of ground water to the lower Mesilla Valley from the
adjoining uplands and from the upper Mesilla Valley is about 12,000
acre-feet per year, or 11 mgd. The average gradient of the water table
in La Mesa between Strauss and the flood plain is approximately 7
feet per mile. If the transmissability (defined on p. AA28) of the
sediments in this area is about 50,000 gpd per ft, somewhat less than
the transmissability of the Santa Fe group in the valley, the flow
toward the valley would be about 0.5 cfs (cubic feet per second) per
lineal mile, or about 5 mgd from La Mesa to the river. The accretion
of ground water from the uplands on the east side of the valley may be
somewhat higher because of greater precipitation in the mountains and
the greater permeability of the arroyo beds. Conover (1954, p. 36)
estimated the average accretion from the uplands on the east side of
the valley to be about 0.7 cfs per mile, or about 6 mgd.
In addition to the flow from the adjoining uplands, ground water
from New Mexico enters the Texas part of the valley. It is estimated
that approximately 5.3 mgd moves across the New Mexico State line
at Anthony into the Texas part of the lower Mesilla Valley. The
estimate is based on a gradient of 4.5 feet per mile and a transmissibility of 260,000 gpd per ft. If it is assumed that the gradient in the
Santa Fe group is equivalent to that in the alluvium, approximately 2.2
mgd, or about 40 percent, of the water that enters the valley near
Anthony is in the Santa Fe. Inasmuch as most of the recharge from
the adjoining uplands is into the Santa Fe, it is estimated that the total
natural recharge to the Santa Fe is about 13 mgd, or about 14,500 acrefeet per year. Thus, the annual natural recharge to the ground-water
reservoir in the lower Mesilla Valley is at least 16 mgd, or nearly
18,000 acre-feet.
Although the three aquifers, as defined on page AA9, function as a
single hydrologic system, water may move from one aquifer to another
TX_MSJ_005998
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in response to a change in pressure. Before 1957, water discharged
from the shallow aquifer was replaced, in part, by water leaking from
the underlying aquifers. Since pumping began from the medium
and deep aquifers, however, water may move from the shallow to the
deeper aquifers.
When the ground-water reservoir is full, any additional water
becomes drain flow. When storage space is created by lowering the
water table below the bed of the drains, drain flow represents a potential source of recharge to the ground-water reservoir.
DISCHARGE

Ground water is discharged from the lower Mesilla Valley as follows : By drains; by seepage into the Eio Grande; by evaporation from
the drains, the river, and water-table ponds; by transpiration; by
underflow at the south end of the valley; and from wells.
After release of water from Elephant Butte Reservoir in 1916 for
irrigation, seepage from the river and canals caused a rise in the water
table that necessitated construction of drains to prevent waterlogging.
Conover (1954, p. 66) stated that the average gradient of the water
table down the valley in 1954 was the same as it was in 1917, the effect
of the drains having been an overall lowering of the water table. Thus,
the net effect of the drains did not change the balance between natural
recharge to and discharge from the ground-water reservoir.
The annual discharge, in acre-feet, of the Montoya Drain, which
includes drain flow from the Nemexas and West Drains, is shown in
the following table taken from records of the U.S. Bureau of Reclamation.
Year

1946 -_._ . ______
1947-________. __________________________
1948___ -_-_.--. ___ . ___ _.--___._._._.
1949 __ _______________________________
1950___________ _ _________________ __ .
1951 ________________________ __
1952_. __________________________________
1953____________________________________
1954.. . . ____________ _ . ___ ._
1955----.-.-.-- ________ -.- _ -_-.__.
1956____________________________________
1957_._ _. _ ._. ____ . ___ ... ____ ...
1958__._-__ ..._-.. ____ _ __ _ _________

Nemexas

West

Montoya i

16, 690
13, 610
14, 910
16, 460
18, 190
12, 020
10, 240
9,370
2, 380
695
490
908
3,740

54, 810
42, 550
40, 210
46, 630
43, 780
25, 350
16, 950
14, 760
3,700
1,080
824
1,006
3,630

77, 760
58, 890
65, 830
76, 580
73, 100
43, 760
26, 940
30, 920
10, 200
4,420
3,210
4,300
15, 660

9,200

22, 700

37, 000

1 Also contains flow from Nemexas and West Drains.
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In the period 1946-58, drain flow ranged from 3,210 acre-feet in
1956 to 77,760 acre-feet in 1946, averaging 37,000 acre-feet. The
average discharge from drain flow seems to be in the same order of
magnitude as the recharge estimated from seepage from canals and
laterals and excess irrigation water applied to the land. From 1946
to 1950, when surface-water supplies for irrigation were adequate,
drain flow was relatively uniform. Between 1950 and 1957, drain flow
decreased because of the decrease in surface-water allotments and the
increase in use of ground water as a supplemental irrigation supply.
The amount of discharge of ground water by seepage into the Rio
Grande in the lower Mesilla Valley has not been determined. Since
1950 the amount of ground water discharged by seepage into the river
probably has decreased because of the increase in ground-water withdrawals for irrigation and the concomitant decline in the water table.
In 1953 ground water was discharged to the river from north of
Vinton Bridge to the gorge, but in 1957 seepage to the Rio Grande
was confined to that part of the river north of Vinton Bridge.
Discharge of ground water by underflow at the gorge is small. According to Slichter (1905, p. 13), ground-water flow in the alluvium
in the gorge did not exceed 11,200 cubic feet per day, or 94 acre-feet
annually.
Prior to large-scale irrigation with surface water, a great part of
the ground water in the valley was discharged by evapotranspiration.
The average annual discharge of ground water by evapotranspiration
was balanced approximately by the average annual natural recharge.
Before 1951 the amount of water pumped from wells was small
because most of the irrigated land had surface-water rights, and
the surface-water supply from Elephant Butte Reservoir was adequate. From 1951 to 1957, pumpage for irrigation increased markedly because of a shortage of surface water available for irrigation.
In addition, large amounts of ground water were pumped for municipal and industrial supplies.
Annual irrigation pumpage of ground water is considered to be the
difference between the surface-water allotment and the quantity of
water required for irrigation. Figure 4 shows the total annual pumpage from the ground-water reservoir in the lower Mesilla Valley from
1953 to 1958, including municipal and industrial pumpage.
The increase in pumpage of ground water from 24,000 acre-feet in
1953 to 59,500 acre-feet in 1956 is due mainly to the decrease in surfacewater allotment from 1.9 acre-feet to 0.39 acre-foot per acre during
this period. In 1957 and 1958, ground-water pumpage was estimated
to be 46,000 and 17,000 acre-feet, respectively. This decrease was due
to the above-normal precipitation and a concomitant increase in surTX_MSJ_006000
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FIGURE 4. Annual pumpage of ground water in the lower Mesilla Valley, 1953-58.

face-water allotment during this period. According to the records of
the U.S. Bureau of Reclamation, surface-water allotments in 1957 and
1958 were 1.1 and 4.0 acre-feet per acre, respectively.
Before 1957 most of the pumpage in the lower Mesilla Valley was
from the alluvium. In 1957 the city of El Paso pumped approximately 3,120 acre-feet of water from the deep and medium aquifers
of the Santa Fe. In 1958 pumpage from the Santa Fe by the city increased to 8,100 acre-feet, or about 6.8 mgd.
FLUCTUATIONS OP WATEB LEVELS

The water levels in wells in the lower Mesilla Valley fluctuate almost continuously, the magnitude of the fluctuations being greater
in the medium and deep aquifers than in the shallow. Fluctuations
that are not the result of pumping generally are smaller than those
caused by pumping. These include fluctuations caused by changes in
TX_MSJ_006001
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atmospheric pressure, loading and unloading the aquifer, earthquakes,
and changes in the rates of natural recharge and discharge.
Fluctuations caused by changes of atmospheric pressure have a
rhythmic pattern and are inverse to the change in pressure; that is,
as the barometric pressure rises, water levels decline. The effect of
the changes of atmospheric pressure on water levels is due to the ability of the less permeable beds in the aquifer to resist the transmission of changes in barometric pressure. The full effect of the pressure
change is transmitted directly down the well, however, and the water
level fluctuates accordingly. This is due to intervening relatively impermeable clay layers that act as partial barriers to the passage of
water between the aquifers.
Figure 5 shows fluctuations of water level due to variations in the
load on an aquifer in selected wells in the city of El Paso well field.
The water levels in wells Q-176 (deep aquifer), Q-180 (medium
aquifer), and Q-182 (shallow aquifer) fluctuate in response to wells
pumping from different aquifers.
Figure !5 shows that when well Q-173 in the deep aquifer was shut
down the water level instantly declined in well Q-182 in the shallow
aquifer. Soon after well Q-173 was shut down, the water level in
Q-182 gradually returned to approximately its initial position. The
starting of pumping in well Q-180 in the medium aquifer caused a
sharp rise of 0.85 foot in the water level in Q-182. Within 15 minutes
after pumping began in Q-180, the water level in Q-182 started to
decline; within 24 hours the water level returned to its initial position. While pumping from the medium aquifer continued, the water
level in the alluvium continued to decline. During the same test, the
water level in Q-176 in the deep aquifer at first declined, but within
a few minutes rose about 0.6 foot; about 9 hours after pumping started
from the medium aquifer, the water level in Q-176 began a gradual
decline.
Figure 6 shows that after 15 days of continuous pumping from
the medium aquifer, the water level in Q-176 declined 1.6 feet below
a point extrapolated on the trend of the water level prior to the start
of pumping; this decline indicates movement of water from the deep
aquifer to the medium. The water level in well Q-180 (medium
aquifer) responded instantly to the shutting down of well Q-173 in
the deep aquifer (fig. 5). At first the decline in well Q-180 was rapid
but decreased slowly until shortly after pumping started. The water
in well Q-180 returned to its original level soon after the sharp initial
decline because of a decrease in barometric pressure. The water level
then resumed its decline, although at a rate somewhat less than before
Q-173 was shut down.
TX_MSJ_006002
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FIGURE 5. Fluctuations of water levels due to variations in the load on an aquifer in selected wells in the El Paso
city well field northwest of Canutillo, Tex., 1958.
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FIGURE 6. Fluctuations of water level in well Q-176 (deep aquifer) due to pumping
of well Q-180 (medium aquifer) in the El Paso city well field northwest of Canutillo,
Nov. 10 to Dec. 31, 1958.

Similar fluctuations have been observed in New Jersey (Barksdale
and others, 1936), in Long Island, N.Y. (Jacob, 1939), and in Easton,
Md., and in Houston, Tex. Thompson (Barksdale and others, 1936,
p. 88) explained the phenomenon on the basis of dilatency, which is the
property of a compacted granular material to expand in total volume
when subjected to lateral pressure. Barksdale, Sundstrom, and Brunstein (1936, p. 90) suggested that the starting of pumping in a well
places a sudden load on the foundation of the pump, due primarily
to the force required to lift the water to the surface and also for a brief
time to the force required to accelerate the water. The effect of the
loading would, of course, not be apparent in observation wells tapping
the same sand as the pumped well, but it might be observed in wells
tapping sands either above or below the sand tapped by the pumped
well. The compressive force exerted when a well is turned on or off,
although small, results in a compression of the relatively impermeable
sediments in the water-bearing sand; as a consequence, the hydrostatic
pressure increases instantaneously to the maximum. As pumping conTX_MSJ_006004

GROUND-WATER RESOURCES, LOWER MESILLA VALLEY

AA23

tinues the aquifer adjusts to the load, and the water level approaches
asymptotically its initial position. When the pump is shut down, representing an instantaneous removal of the load, the reverse action
takes place. Although the load exerted on the pump foundation is
small, the instantaneous rate at which the load is applied on the foundation may account for the large rise or fall in the water level in the
Canutillo area.
On Long Island, where the fluctuations were due to the passing of
heavily loaded trains near the well, the magnitude of the water-level
fluctuations, according to Jacob (1939, p. 668), should depend on the
weight and the velocity of the train. In the Canutillo area, however,
the magnitude of the fluctuations depends on the rate of application
of the load and on the distance from the impressed load to the affected
well. If the distance is too great, the confined water has sufficient time
to escape laterally and the pressure is dissipated. These fluctuations,
resulting from variations in the load, indicate that the elasticity of the
aquifer is not perfect and that the aquifers are imperfectly connected.
Fluctuations in water levels due to earthquakes have been observed
in several wells equipped with recording gages. For example, figure
5 shows a maximum displacement of water level of less than 0.02 foot
in well Q-182 in the shallow aquifer caused by the earthquake of
November 6,1959, which had its epicenter in the Kurile Islands in the
North Pacific. The water level in well Q-176 in the deep aquifer had
a maximum displacement of about 0.07 foot. These data indicate that
the magnitude of the change varies with different aquifers in the same
locality according to the depth of the aquifer and the degree of
confinement.
Large fluctuations of water levels usually result from withdrawals
of ground water, the magnitude of the fluctuations diminishing with
distance from the point of withdrawal. The fluctuations of water
levels in 10 observation wells measured monthly by the U.S. Bureau
of [Reclamation are shown in plate 5. The approximate change of the
water table in the lower Mesilla Valley from 1953 to 1959 is shown in
plate 6.
The hydrographs of 10 observation wells (pi. 5), which are scattered
throughout the valley, show a general agreement but differ in the magnitude of fluctuations. In most wells the water levels generally were
relatively stable through 1950 except for seasonal variations, although
in several wells a downward trend started in 1948 and 1949. The uniformity in the water levels suggests that the supply of surface water
for irrigation was adequate. The water level in each well indicates
a yearly cycle, the highest levels occurring during the growing season
because of recharge from infiltration of surface water applied to the
TX_MSJ_006005
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land and the lowest levels occurring during the winter in response to
the discharge of ground water into the drains and the river. In any
well the minimum level, which is controlled largely by the elevation
of the bottom of a nearby drain or the river, occurs just before irrigation begins in the spring. The net changes in the water levels, therefore, are based on the measurements made in January and February
before irrigation begins.
In 1950 when it was apparent that the supply of surface water in
Elephant Butte Reservoir would be insufficient to allot a full water
supply to lands in the lower Mesilla Valley, many wells were drilled to
obtain a supplemental supply of water for irrigation. Figure 7 shows
that the annual discharge of the Rio Grande below Caballo Dam averaged about 700 cfs from 1951 to 1953, as compared to an average annual
discharge of 1,000 cfs from 1946 to 1950. Coincident with the reduction in diversion of surface water for irrigation and the accompanying
increase in the use of ground water as a supplemental supply, the water
levels in 10 observation wells declined an average of 0.6 foot from
January 1951 to January 1954. The area of greatest decline was in the
northern part of the valley.
As the supply of surface water for irrigation continued to decrease
through 1956, ground-water withdrawals increased and were accompanied by a marked decline in the water table in the alluvium. Records of the U.S. Bureau of Reclamation show that the discharge of the
Rio Grande below Caballo Dam from 1954 to 1956 decreased to an
annual average of about 320 cfs; consequently, the diversions from the
river decreased from 1.9 acre-feet per acre in 1953 to 0.39 acre-foot per
acre in 1956. As a result, the decline of water levels in 10 wells ranged
from 0.5 foot to 7.3 feet, averaging 3.5 feet from 1954 through 1956
(pi. 5). Plate 5 shows also that owing to the large withdrawals of
ground water for irrigation, the water levels generally were highest
just before irrigation began in the spring and lowest during the growing season. Most water levels rose in 1957 and 1958 owing to the abovenormal precipitation and the accompanying increase in the surfacewater allotment for irrigation and the substantial decrease in the
withdrawal of ground water. According to the Bureau of Reclamation, the surface-water allotment was 1.3 acre-feet per acre in 1957
and 4.0 acre-feet in 1958. As a result, the withdrawals of ground
water for irrigation decreased from 47,000 acre-feet in 1956, the highest
of record, to 33,000 acre-feet in 1957 and to 4,100 acre-feet in 1958.
From 1957 through 1958 the rise in the water levels in 10 wells ranged
from 0.5 foot to 8.4 feet and averaged 4.3 feet (pi. 5).
The water levels in 92 wells measured during the period January
1957 through January 1959 showed an average rise of 5.5 feet, of which
TX_MSJ_006006
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FIGURE 7. Mean annual discharge of the Rio Grande below Caballo Dam, N. Mex., 1945-58.

3.8 feet was in 1958. The maximum rise, 16.6 feet, was in the vicinity
of the shallow well field northwest of Canutillo. In the south end of
the valley, the water table rose a maximum of 6.0 feet. In a small area
northeast of the shallow well field and east of U.S. Highway 80, where
surface-water rights are not available and irrigation was from ground
water only, the water declined a maximum of 6.4 feet.
In summary, between 1946 and 1956, water levels in 10 wells declined
an average of 0.6 foot. These data show that large quantities of
ground water can be pumped from the alluvium over a considerable
period of drought without seriously depleting the ground-water supply, owing to substantial recharge when surface-water allotments
are adequate.
The hydrographs of the daily fluctuations of water levels in five
wells in the city of El Paso well field in 1957-58 are shown in plate 7.
Wells Q-86 and Q-182 are in the alluvium (shallow aquifer); well
Q-180 is in the medium aquifer; and wells Q-176 and Q-181 are in
TX_MSJ_006007
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the deep aquifer. The similarity of water-level fluctuations in these
wells indicates a degree of interconnection of the three aquifers. On
February 4,1958, when wells Q-172 and Q-174 were shut down, water
levels rose in Q-180 and Q-86. On November 1,1958, when pumping
began in wells Q-173 and Q-174, water levels declined in well Q-180
in the medium aquifer and well Q-182 in the shallow aquifer. The
fact that decline was more pronounced in Q-180 than in Q-182 is due
to the more direct hydraulic connection between the medium and deep
aquifers. The withdrawal of water from the deep aquifer results in
a reduction of pressure; consequently, water moves from the medium
aquifer into the deep in response to the change in pressure. Moreover, this pressure change is reflected in the shallow aquifer, and water
moves vertically into the medium aquifer but at a considerably lower
rate. The water levels in Q-180 and Q-182 declined when Q-173 and
Q-174 were pumped and rose when Q-172 was started. The decline
in Q-180 and Q-182 was due to the distance of the wells that imposed
the load on the aquifer from the observation wells.
Plate 8 shows the fluctuations of the water levels in four wells in
1958 and part of 1959, three of which (Q-172, Q-173, and Q-176) are
in the deep aquifer and one (Q-180) in the medium aquifer. The
data show that water levels in the wells become relatively stable soon
after pumping begins. This evidence indicates that interformational
leakage is substantial and that the movement of water in the three
aquifers has been altered in the vicinity of the wells. Prior to the
start of pumping from the medium and deep aquifers, the hydraulic
pressure gradient was upward that is, water moved from the deep to
the medium aquifer and, in turn, moved upward into the shallow
aquifer replacing water that was discharged naturally or artificially.
Pumping from the deep aquifer reverses this direction of movement.
Water then moves from the shallow into the medium and thence into
the deep aquifer. When pumping began from the medium aquifer,
however, the pressure head in the deep aquifer as well as the shallow
was greater, thus causing water to move from the shallow and deep
aquifer into the medium.
CHARACTERISTICS OF WELLS

Data concerning the yields and specific capacities are available for
75 wells, 61 of which obtain water from the shallow aquifer; 6 from
the medium and deep aquifers of the Santa Fe group, and 8 from the
Santa Fe and consolidated sediments underlying the uplands.
The yields of the 61 wells in the shallow aquifer, either measured or
reported, ranged from 25 to 3,015 gpm. Most of the wells used for
irrigation and for which records are available had yields greater than
1,000 gpm. In the south end of the valley, the yields of 13 wells
TX_MSJ_006008
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(grid U) in the alluvium ranged from 35 to 1,025 gpm. In the upland
area east of the flooded plain, the yields of 8 wells ranged from 40 to
660 gpm. Three of these wells obtain water from the Santa Fe and
their average yield is about 500 gpm. The yields of the remaining five
wells, which tap the consolidated sediments, are considerably smaller,
averaging about 75 gpm. In the well field northwest of Oanutillo,
the yields of four wells in the deep aquifer of the Santa Fe ranged
from 2,025 to more than 3,000 gpm. The yield of one well in the
medium aquifer was 2,205 gpm.
The specific capacity of a well generally is expressed as the ratio of
the yield, in gallons per minute, to the drawdown, in feet. The term
might imply that the ratio of yield to drawdown is constant, but the
specific capacity of a well is only an approximation because of the
effects imposed by the rate of withdrawal and the element of time.
Moreover, a comparison of the specific capacities as an indication of
aquifer productivity is subject to considerable error unless the methods of well construction and the degree of development are taken into
account. The use of a gravel envelope and of screens increases the
effective diameter of the well by offering a larger open area for the
passage of water than is provided by slotted casing. This results in
reduced entrance velocities, thereby decreasing the drawdown and
increasing the specific capacity. The specific capacities of properly
developed wells having gravel envelopes and screens probably best
represent the capacity of the aquifer to transmit water.
The specific capacities of wells in the alluvium vary widely. The
specific capacities of 13 irrigation wells ranged from 5.4 to 108,
averaging 46 gpm per foot of drawdown. In the south end of the
valley (grid-U), the specific capacities of 15 wells used for public
and industrial supplies ranged from 3.0 to 22 gpm per foot of drawdown. These data indicate that the permeability of the alluvium
decreases southward.
In the shallow well field northwest of Canutillo, the specific capacities of six wells equipped with gravel envelope and mill-slotted
casing ranged from 13 to 61 gpm per foot of drawdown. It is probable that the low specific capacities in three of the wells is due to incomplete development of the wells. Five wells in the deep aquifer
equipped with gravel envelope and mill-slotted casing had specific
capacities ranging from 19.7 to 30.7 and averaging 25.3 gpm per foot of
drawdown. The specific capacity of well Q-180 in the medium aquifer
was 14.0 gpm per foot of drawdown. The low specific capacity of
well Q-180, as compared to the average for wells in the shallow and
deep aquifers, probably is due to the character of the sand in the
medium aquifer. Electric and sample logs show that the sand in the
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medium aquifer is finer than that in the shallow aquifer and that it
contains more clay than the sand in the deep aquifer. It is probable
that the specific capacities of the wells in the deep aquifer have been
reduced because of a decrease in the size of the screen openings
necessitated by the fine sand. Records show that well Q-172 had a
specific capacity of 27.4, but, because of the quantity of sand pumped
during operation of the well, a screen with smaller openings was used
in newer wells drilled in the deep sand. The specific capacities of the
four wells drilled after well Q-172 averaged 23.2 gpm per foot of
drawdown.
Wells capable of yielding large volumes of water may be drilled
in almost every part of the flood plain in the lower Mesilla Valley.
In the southern part of the valley, however, the yields of most wells
may be expected to be small. Wells drilled in the uplands probably
will produce only small to moderate quantities of water because of a
lesser saturated thickness of the aquifer.
HYDBOLOGIC CHARACTERISTICS OF WATER-BEARING MATERIALS

Aquifer tests were made at the sites of eight municipal wells in
the shallow aquifer, six wells in the deep aquifer, and one well in the
medium aquifer to determine the coefficients of transmissibility and
storage, which govern the ability of an aquifer to transmit and to
yield water. The results of the tests are shown in the following table.
Coefficient of
transmissibility
(gpd per ft)

Well

Aquifer

Q-82.__. ____..... ._
83.......... .... _
84....... _____
86.. __.
__
90__ __._
- __ .

__.__do_ _-_-_ _ _
__ _do-_.__-._.
.....do .... _ .__.._.____

01

165.. ____________
166.... ...._.____
180.. ________
172.. ________
173..... _ . _ ._
174......... __ .
175_________
..
176..... ______
178.. .-_.-_.-....

Alluvium____._

______

.....do.......
-_.__.-....
.....do.....-.--...... ___
--..do
.... ... ...
Santa Fe (medium) _______ _
Santa Fe (deep)-______-___._
..._ do. .__-.
-____do-__
__-_
... __do _ -.....do... ......... _
.
_____do..

Coefficient of
storage

158, 000

145, 000
110, 000
155, 000
140, 000
150, 000
121, 000
104, 000
34, 000
60, 000
59, 000
73, 500
49, 500
60, 000
57, 000

0.001

.0007
.0007

The coefficient of transmissibility (_T) may be defined as the rate
of flow of water in gallons per day at the prevailing water temperature through a vertical strip of the aquifer 1 foot wide extending the
full height of the aquifer under a unit hydraulic gradient. The volume of water that will flow each day through each foot of the aquifer
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is the product of the coefficient of transmissibility and the hydraulic
gradient. The smaller the coefficient of transmissibility, the greater
the hydraulic gradient must be for water to move through the aquifer at a given rate.
The coefficient of storage (S) is the volume of water released from
or taken into storage per unit surface area of the aquifer per unit
change in the component of head normal to that surface. Under
artesian conditions, the volume of water released from or taken into
storage is determined by the compressibility of the aquifer and expansion of the water. Under water-table conditions, the coefficient
of storage is practically equal to the specific yield, which is defined
as the volume of water released from or taken into storage in response
to a change in head attributed partly to the gravity drainage or refilling and partly to compressibility of the water and aquifer material
in the saturated zone.
The coefficient of storage ($) is the volume of water released from
the results of the pumping tests by means of a formula developed by
Theis (1935, p. 519-524). A discussion of the formula, the assumptions upon which it is based, and its application is given by Wenzel
(1942).
Recovery tests in eight wells in the shadow well field show that the
coefficients of transmissibility ranged from 104, 000 to 158, 000 gpd
per ft and averaged 135,000. These coefficients probably are representative of the alluvium, although some water is obtained from
the underlying Santa Fe. Aquifer tests of the alluvium failed to
show conclusively the connection between the Rio Grande and the
ground-water reservoir. Analyses of the test data showed that the
water levels in the observation wells were higher than the theoretical
water levels. Although the Rio Grande is a contributing stream
when the water table is below the streambed, it is probable that slow
drainage of excess irrigation water applied to the land has retarded
the expansion of the cone of depression. The relation between ground
and surface water, however, is clearly shown by the absence of flow in
the river between Vinton Bridge and Canutillo Bridge during periods
of heavy ground-water withdrawals from the shallow well field.
The large withdrawals of ground water from the shallow aquifer
reduces the drain flow; in some places, the entire drain flow has been
intercepted. The river, as well as the drains, performs as a line source
of recharge, and the effect of a pumping well upon the flow of a drain
or the river may be computed on the basis of the formula developed
by Theis (1941, p. 736). Conover (1954, p. 119) showed diagrammatically that the flow of a drain would be reduced by 63 percent of the
pumping rate after 3 months of continuous pumping of a well 0.25
695-880 63
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mile from the drain, by 73 percent after 6 months, and 81 percent
after 1 year. The effect of the pumping of a well upon the flow of
the drain or the river decreases with distance from the line source.
Aquifer tests at the Federal Correctional Institution at Anthony
reported by Sundstrom (1952, p. 6) indicated that the coefficient of
transmissibility ranged from 30,000 to 60,000 gpd per ft. In the
southern part of the valley, the coefficient of transmissibility determined at the site of well U-38 was about 63,000 gpd per ft. These
tests indicate that the wells are screened principally in the Santa Fe.
Aquifer tests at the sites of six wells screened in the deep aquifer
showed that the coefficients of transmissibility ranged from 49,500 to
73,500 gpd per ft and averaged about 60,000 gpd per ft. The relatively wide range in transmissibility is due to the varied thicknesses of
the contributing sections of the aquifer. The small range in coefficients of permeability, from 146 to 150 gpd per sq ft, in five of the tests
indicates that throughout most of the well field the Santa Fe group is
composed of relatively homogeneous sediments. The coefficient of
permeability is defined as the rate of flow of water in gallons per day
through a cross section of 1 square foot under a unit hydraulic gradient, or through a section 1 foot high and 1 mile wide under a gradient of 1 foot per mile.
In September 1957 an aquifer test was made at the site of well Q-180
in the medium aquifer. The coefficients of transmissibility and of
permeability determined from the test were 34,000 gpd per ft and 128
gpd per sq ft, respectively.
Under water-table conditions the specific yield is difficult to determine from short-term aquifer tests, because it depends on the time
involved in dewatering the part of the aquifer within the cone of
depression. Although most of the cone may be dewatered in a relatively short period of time, dewatering may continue at a decreasing
rate for years. Thus, specific yields obtained from aquifer tests of
short duration generally are too low. The specific yield of the shallow
aquifer, as determined from the tests, ranged from 0.0006 to 0.001. A
specific yield of 0.0006 may be low for alluvium, but it is probable that
the water-bearing material contained clay layers that were fairly well
distributed and widespread. Fine-grained sediments retain a considerable part of the water against the pull of gravity and hence have
a low specific yield. Sundstrom (1952, p. 4) reported a specific yield
of about 5 percent in tests made at the Correctional Institution. As
the duration of pumping increases, however, the specific yield should
increase to 10 or 15 percent. Conover (1954, p. 103) estimated that
the specific yield of the valley fill in the Rincon and Mesilla Valleys
was about 25 percent.
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The coefficient of storage obtained from tests at the sites of wells
Q-172 and Q-176 in the deep aquifer averaged 0.0007. The data from
well Q-176 showed that after pumping the well for 24 hours the drawdown was less than the predicted drawdown. This evidence indicates
that recharge to the aquifer occurred. The coefficient of storage for
the deep and medium aquifers ultimately may reach 0.1 percent, the
specific yield estimated for the shallow aquifer.
If geologic and hydrologic conditions are favorable, the coefficient
of transmissibility and specific yield may be used to predict the performance of the well field.
The curve in figure 8 show the theoretical drawdown in water levels

34567
DISTANCE FROM PUMPED WELL, IN THOUSANDS OF FEET

FIGURE 8. Theoretical drawdown in an infinite aquifer (alluvium) due to pumping.

in the alluvium at the end of various periods of time (£), 1, 3, 5, and
10 years, at various distances from a well pumping 1,000 gpm. The
decline at any point is directly proportional to the rate of pumping
(Q). The curve is based on a probably conservative specific yield of
10 percent and on the assumption of no recharge to the aquifer; consequently, drawdowns should be less than those indicated on the graph.
The results of aquifer tests of the deep aquifer and the absence of
a confining bed as shown by the electric logs indicate that considerable
quantities of water may leak from water-bearing sediments through
varied thicknesses of clay and into the deep aquifer. Although the clay
TX_MSJ_006013
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beds are relatively impermeable, water may pass through or around
them in response to a change in pressure. As the head in the deep
aquifer is lowered by pumping, the pressure differential may be sufficient to change the direction of movement of water. Before pumping
began in June 1957, water moved upward from the deep aquifer to the
shallow aquifer. A change in pressure in the deep aquifer may reduce
or reverse the movement, if the change is sufficiently large. This
effect was considered in preparing figure 9. The curves show the effect
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FIGURE 9. Theoretical drawdown 1,600 feet from a well pumping 1,000 gpm.

on the water levels with respect to time 1,600 feet from a well pumping
1,000 gpm for varying hydraulic conditions.
Curve A assumes that water is leaking into the deep aquifer while
the head in the overlying aquifer remains constant. Curve B assumes
that all water comes from artesian storage in the deep aquifer, which
is assumed to be infinite in areal extent. Curve C assumes leakage
between aquifers accompanied by a declining head in the overlying
aquifers based on a leakance factor determined from the test at the
site of well Q-172 in the deep aquifer. Curve C represents more fully
the conditions in the deep well field. After 24 hours of pumping, the
curve is based on the studies made by Hantush and Jacob (1955, p. 95)
on nonsteady flow in leaky systems. Figure 10 shows the theoretical
drawdown at various distances and time of a well pumping 1,000 gpm.
When the well is pumped, the rate of decline of water level is rapid at
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Assurne:
Nonequilibrium
T =247,000 gpd per ft

5-=: 0.10

Q = 1000 gpm
Leaky aquifer
T =57,000 gpd p
S =0.0007
Q-5-lOOOgpm
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FIGURE 10. Theoretical drawdown In an infinite aquifer (Santa Fe group) due to pumping. Computed according to the formulas for nonequilibrium and leaky-aquifer
conditions.

first. As pumping continues, leakage from the overlying sediments
is sufficient to reduce the rate of decline; thus, equilibrium in the cone
of depression is approached. If pumping continues for a long period
of time, water from the shallow aquifer will replace water pumped
from the medium or deep aquifers.
A comparison of the theoretical and the actual drawdown of the
water level in the observation well Q-176 from February 1957 through
December 1958 due to pumping from the deep and medium aquifers
is shown in the following table. The distance from well Q-176 is
given in feet.
Well pumped

Q-172._____..____.___..__...___
173....... ... .... ____ ...

Aquifer

174..._._ ._._._.._....__._ . __ do... __ ... __ ..
180..... ...._ .... Medium ..............

Discharge
(gpm)
2,075
2,075
2,075

2,180

Time of
pumping
(days)
531
354
318
51

Distance Drawdown
in well
from well
Q-176
Q-176
(feet)
(feet)
1,600
1,600
4,350
1,600

19.9
19.6
10.2
2.9
52.6
51.9

TheoreticaL....... ......

The difference of 0.7 foot between the theoretical and the measured
drawdown may be attributed to a substantial rise of the water table in
the shallow aquifer during 1958,
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GROUND WATER IN STORAGE

According to available data, at least 45 million acre-feet of saturated
sediments underlies the lower Mesilla Valley. Chemical analyses of
samples of water from 127 wells show that about 65 percent of the
ground water in the Santa Fe group and alluvium in the valley is too
high in mineral content for use as municipal supplies. In this report,
fresh water is defined as water that contains less than 250 ppm (parts
per million) of chloride. Water that contains more than 250 ppm of
chloride is considered to be highly mineralized and, according to standards of the U.S. Public Health Service, is not suitable for municipal
supplies. In several small areas, ground water is considered fresh,
although the sulf ate and dissolved-solids content is somewhat in excess
of the limits recommended by the Public Health Service of 250 and
1,000 ppm, respectively.
Analyses of samples of water from wells and test wells indicate that
the greatest volume of fresh ground water is in the area northwest of
Canutillo and that fresh water-bearing sand thins toward the south
and east. The volume of fresh water in storage in the alluvium and
Santa Fe in the Texas part of the valley is at least 560,000 acre-feet,
and in the New Mexico part the volume of fresh water is at least 980,000
acre-feet. More than 1,540,000 acre-feet of fresh water is in storage
in the lower Mesilla Valley; about 150,000 acre-feet is in the alluvium
in the Texas part of the valley.
The estimate of the volume of fresh water in storage in the lower
Mesilla Valley probably is conservative. The specific yield of 10 percent used in the estimate probably is low; the area of the Santa Fe
group used for computation extends only to the west edge of the irrigated area. The estimate of the volume of saturated material is based
on known thicknesses of materials; it does not include water-bearing
sediments that may lie at great depth in the northwestern part. If
the specific yield of the saturated material is as much as 25 percent,
as estimated by Conover (1954, p. 103), the volume of fresh water
would total at least 3,850,000 acre-feet, of which 1,400,000 acre-feet
is in Texas.
All the fresh water in storage cannot be withdrawn by wells. In
those parts of the aquifer where fresh water is underlain by highly
mineralized water, perhaps less than half the fresh water can be recovered before the remainder becomes unsatisfactory for municipal
supply.
Sufficient data are not available to determine the volume of water
in storage that is suitable for irrigation or industrial use. A substantial part of the water that is unsuitable for public supply might be
used for irrigation, particularly if the chloride content is not excessive
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and if large quantities of water can be applied for leaching of salts
from the soils. Some industries may be able to use part of the water.
QUALITY OF WATER

The results of the chemical analyses of water samples from 127 wells
in the lower Mesilla Valley are shown in a report by Leggat, Lowry,
and Hood (1962, p. 174-191).
Except for hardness and percent sodium, the analyses are given in
parts per million, an expression of the concentration by weight of each
constituent in a million unit weights of water. Hardness is expressed
as equivalent calcium carbonate (CaCO3 ). Generally, water having
a hardness of less than 60 ppm is classified as soft; from 61 to 120 ppm
as moderately hard; and more than 120 ppm as hard. Specific conductance, which is the electrical conductivity of the water, and pH are
expressed in appropriate units for the property measured.
GROUND WATER

It is not possible to define exact limits of mineral content beyond
which ground water cannot be used for specific purposes. Water for
municipal and domestic supplies, however, should conform as nearly
as possible to the standards established by the U.S. Public Health
Service (1946) for use on interstate carriers. The concentrations of
chemical substances preferably should not exceed the indicated limits:
Constituent

Parts per
million
(ppm)

Iron (Fe) and Manganese (Mn) together____________________
0.3
Magnesium (Mg) __________________________________ 125
Sulfate (SO*)____________________________________ 250
Chloride (01)____________________________________ 250
Fluoride (F)_______________________________________
1.5
Nitrate (NOs)____________________________________ 45
Dissolved solids_____________________________________* 500
1 1,000 permitted.

Fluoride content of water in domestic supplies should not exceed
J .5 ppm. Water that contains fluoride in excess of this amount may
cause mottling of tooth enamel if the water is used continuously
(Dean and others, 1935). Data collected by various agencies have
demonstrated that fluoride in drinking water in quantities less than
1.5 ppm reduces the incidence of tooth decay (Dean and others, 1942).
The Texas State Department of Health recommends as desirable a
fluoride content of 1-1.5 ppm.
The more important factors that affect the quality of ground water
for irrigation are dissolved-solids content, percent sodium, residual
sodium carbonate (equivalents per million of carbonate and bicarbonate in excess of calcium and magnesium), and boron content. An
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equivalent per million (epm) is the expression of the concentration
in terms of chemical equivalents rather than by weight. Water having a percent sodium of more than 80 (Wilcox, 1948, p. 27), a residual
sodium carbonate of more than 2.5 epm, or a boron content greater
than 1.25 ppm for sensitive crops and 3.75 ppm for tolerant crops is
generally considered unsuitable for irrigation (U.S. Salinity Laboratory Staff, 1954, p. 81). Other factors, such as climate, soil type, crop,
and quantity of water used may be equally significant and under optimum conditions may permit the satisfactory use of water with a
high percent sodium or a high boron content.
In the lower Mesilla Valley, the quality of ground water varies both
areally and with depth. Samples of water collected from wells near
the south end of the valley and from wells along the east boundary
were high in dissolved-solids content. It was not possible to ascertain
if certain samples from the shallow aquifer were from the alluvium
or from the Santa Fe group. Water from many shallow wells obtain
water from both sources.
SANTA FE GROUP

Fresh water in the Santa Fe group extends to a depth of at least
1,200 feet in well Q-178. Electric logs and drill-stem tests indicate
that the base of fresh water is progressively shallower toward the
south and east. Plate 2 shows the progressive thinning southward of
the fresh water-bearing sands in the Santa Fe.
In the city of El Paso deep-well field, water from below 200 feet
is satisfactory for municipal use. Analyses of water from well Q-172
show that the water is soft and low in dissolved-solids content. Drillstem samples from depths between 200 and 500 feet in the deep wells
and a sample of water from well Q-180 in the medium aquifer contained more dissolved solids than the deep aquifer.
Fresh water from the Santa Fe probably could be used for irrigation. Analyses of samples of water from the deep-well fields suggest
that the water may be used for irrigation. Although the percent
sodium generally exceeds 80, the residual sodium-carbonate and the
boron content of the samples from Q-172 are lower than the recommended limits. Chemical analyses of more water samples will be
necessary in order to determine the suitability of fresh water for
irrigation from the Santa Fe.
The south edge of the body of fresh water in the deep aquifer extends to a line through Canutillo. South of Canutillo, the water from
the Santa Fe increases in mineral content until it becomes unfit for
most uses. Sayre and Livingston (1945, p. 7) reported that two test
wells in the lower Mesilla Valley drilled in 1922 yielded salt water.
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The El Paso Electric Co. reported that water from well U-65, depth
600 feet, contained 1,750 ppm of sulfate, 790 ppm of chloride, and
4,080 ppm of dissolved solids.
The southward increase in mineral content of the water in the Santa
Fe may be partly due to incomplete flushing from the Santa Fe and
partly to the concentration of the ground water in the alluvium by
evapotranspiration. Playa lakes probably occupied the Rio Grandedepression. Owing to the Rio Grande cutting through the gorge andl
into the Mesilla Valley and owing to damming by intrusive andesite,.
salt water in the ancient lake sediments probably was not flushed out
at the south end of the valley. According to Slichter (1905, fig. 3),
"The rapid rate of increase in the dissolved solids at a depth of about
40 feet [in the gorge near El Paso] indicates that the water below
such depth is stagnant or without appreciable movement."
The flow through the gorge was estimated by Slichter as not exceeding 11,200 cubic feet per day, or about 50 gpm. The largest part
of the natural discharge of ground water from the valley is by evapotranspiration, resulting in concentration of the mineral content of the
ground water. On La Mesa, well P-6, depth 950 feet, yielded water
that was suitable for municipal and domestic supply. On the upland
east of the flood plain, water from the Santa Fe ranges from fresh to
brackish. In the area between Canutillo and Vinton Bridge, water in
most wells is satisfactory for domestic use, although the chloride or
sulfate content may slightly exceed the recommended limits. South
and north of this area the water is high in chloride and dissolvedsolids content.
ALLUVIUM

Most wells in the flood plain range in depth from 80 to 200 feet.
Therefore, many of these wells yield a mixture of waters from the
Santa Fe group and the alluvium, North of Canutillo and west of
the Rio Grande in the area of the city well field, water from the alluvium is relatively fresh but contains more dissolved solids than the
water in the Santa Fe. The quality of the water in the shallow well
field varies laterally and also at different periods of time. The marked
change in the quality of water in the shallow well field from 1952 to
1957 was partly due to the infiltration of water from the Rio Grande
and to the infiltration of surface water applied to the land. Figure
11 shows the chloride content of water from six wells in the shallow
well field and of water from the Rio Grande. The greatest increase
in the chloride content was in wells Q-82 and Q-90, which are in the
center of heavily irrigated areas. The chloride content in wells Q-83
and Q-84 increased at a rate similar to the increase in the chloride
content of the river.
695-880 63
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Note: Rio Grande chloride content based on annual weighted mean

FIGURE 11. Chloride content of water from wells In the alluvium and from the Rio
Grand*, 1952-57.

During periods of large flow, the river water may be more dilute in
mineral content than ground water in the shallow-well field. For
example, in 1957 the weighted average of chloride content of the water
in the Rio Grande was less than 100 ppm (the lowest from 1952 to
TX_MSJ_006020
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1957). Because of the decrease in the quantity of ground water
pumped for irrigation and the application of large quantities of surface water of low chloride content, the water in well Q-90 decreased
in chloride content. No records are available to show the change in
the quality of the water in well Q-82 in 195T. In the 'area east of the
Rio Grande between Vinton Bridge and Anthony, water in the 'alluvium is more highly mineralized than that in the alluvium northwest
of Canutillo. Records show that water at a depth less than 200 feet
ranges in chloride content from 190 ppm in well Q-27 to 6,240 ppm in
well Q-178. In most of the wells, the chloride content exceeded 300
ppm. The area between Vinton Bridge and Anthony is drained by
the East Drain, which, according to Conover (1954, p. 87)
* * * apparently has water of higher concentrations than found in the irrigation
water * * *. [in explaining the poor quality of the water in the East Drain,
he proposed that] water east of the valley toward the Franklin Mountains
also has a high concentration of dissolved solids and enters the drain, or that
similar water occurs in the valley in this area and has not been completely
flushed by excess irrigation water applied to the lands.

Because of the shallow water table in the area, mineralization of the
ground water probably was increased further by evapotranspiration.
South of Canutillo, the alluvium contains water that is rather high
in dissolved-solids content but that is generally of better quality than
the water in the underlying Santa Fe group. In the south end of the
valley, the El Paso Electric Co. and the American Smelting and
Refining Co. obtained water from the alluvium. The water in four
wells had a chloride and sulf ate content of less than 250 ppm. Fresh
water in this area is attributed to recharge from precipitation on the
surficial sandy deposits overlying the alluvium. Until November
1955, the White Water Works supplied water to the community of
White Spur and nearby residential areas. Analyses of water from
five wells, U-l, U-2, U-4, U-6, and U-7, had a chloride content exceeding 340 ppm, except well U-4, which had a chloride content of 92 ppm.
but a sulf ate content of 288 ppm.
CONSOUa>ATEI> HOCKS

Several wells on the uplands bordering the Franklin Mountains and
at the south end of the valley yield water from consolidated rocks.
Well Q-76 obtained hard water for stock use from a black rock, probably of Pennsylvania!! age. Chemical analysis of a sample of the
water showed more than 300 ppm of chloride and 1,000 ppm of dissolved solids. At the south end of the valley, well U-59 yielded water
high in dissolved-solids, chloride, and sulfate content. Water that is
unsuitable for domestic or municipal uses but satisfactory for some industrial uses is obtained from sand and limestone of Early Cretaceous
TX_MSJ_006021
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age. On the west slope of the Franklin Mountains, well U-12 yielded
water high in calcium, magnesium, and iron content from a limestone
of undetermined age between 1,600 and 1,690 feet deep. The well was
abandoned and plugged in 1953 because of the high fluoride content
(5.6) in the water.
SURFACE WATER

Records of chemical data from the International Boundary and
Water Commission's files show that the water of the Rio Grande
increases in dissolved-solids content between Leasburg, N. Mex., and
El Paso, Tex. (See fig. 12.) During the period 1930-57, the dissolvedsolids content increased from an average of 0.77 ton per acre-foot at
Leasburg Dam to 1.10 tons per acre-foot at El Paso, an increase of
nearly 45 percent in 50 miles. A ton per acre-foot is equivalent to
735.5 ppm of dissolved solids. Most of the increase in sodium salts of
sulf ate and chloride is attributed to the accretion of drain water. The
following table shows that the chloride content of water in the Rio
Grande at El Paso is highest during the nongrowing season and is
lowest from March to September, when surface water is released for
irrigation. During the winter, the water in the Rio Grande consists
largely of return flow from the drains.
Month
January___________________
February.. _________________ ....
April........ __ . _ .........................
May ________________________
July..........................................
August ______________________
October ____________________
November.. ___________________
December. ___________________

1952
288
309
246

1953

1954

1955

1956

1957

198
142
92
80
76
112
246
260
268

281
312
88
83
124
92
96
110
128
259
293
330

377
318
230
169
171
175
167
124
286
190
525
505

490
570
259
172
234
185
124
153
131
274
507
700

705
805
169
126
262
142
137
172
176
775
770
742

710
815
375
227
490
126
57
45
65
375
1,090
920

125

119

184

170

160

90

1958
830
870
83
78
69
69
74
76
87
175
268

The water in the drains in the lower Mesilla Valley varies widely
in quality, but is usually higher in dissolved-solids content than the
river water at El Paso. During part of 1955 and 1956, however, the
water in the river at El Paso was higher in dissolved solids than the
water in Montoya Drain owing to the low flow of the river and to
the discharge into the river of concentrated effluent from the El Paso
electric plant. Figures 13 and 14 show that the quality of the water,
as specific conductance (micromhos), in Montoya and Anthony Drains
varies more or less inversely with the quantity of drain flow. The
specific conductance is a measure of the ability of the water to carry
an electric current and is therefore an indication, within rather wide
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GROUND-WATER RESOURCES, LOWER MESILLA VALLEY

AA41

900

800

700
EXPLANATION
Leasburg
Dam

600

3

El Paso

500

400 -

300 -

200 -

100

-777%
Ca

Mg

Na

HCOs+COa

S04

Cl

DS

MINERAL CONSTITUENTS

FIGURE 12. Average chemical quality of water from the Rio Grande at Leasburg Dam,
N. Mex., and at El Paso, Tex.

limits, of the ionic strength of the water. These data show that water
in Anthony Drain is higher in mineral content that that in Montoya
Drain.
In general, the drain water increases in dissolved-solids content
from the upper to the lower end of the West Drain (fig. 15). The
increase is due principally to the accretion of ground water in mineralization, which increases toward the lower end of the valley, and also
to the concentration of the dissolved salts in the drain water by
evapotranspiration.
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PIGUBB 15. Increase in mineralization of water from the upper to the lower end of
West Drain.

FUTURE DEVELOPMENT

The quantity of ground water discharged as drain flow from the
lower Mesilla Valley indicates that additional supplies can be developed from wells tapping the shallow, medium, and deep aquifers,
with little permanent loss of ground-water storage. Unmeasured, but
substantial, amounts of reclaimable ground water are discharged by
seepage into the Eio Grande and by evapotranspiration. If the
water table is lowered below river level, seepage from the Rio Grande
will add to recharge of the ground-water reservoir.
The future development of ground water in the lower Mesilla
Valley is affected in several ways: (1) the demand for ground water
for irrigation is extremely variable because it depends upon the availability of surface water; (2) the quality of most of the water in the
shallow aquifer is unsuitable for public supplies and for some industrial uses; (3) the quality of water in the medium and deep aquifers
may deteriorate as a result of leakage of water of poor quality from
the shallow aquifer and from encroachment of salt water from underTX_MSJ_006026

GROUND-WATER RESOURCES, LOWER MESILLA VALLEY

AA45

lying and adjoining beds, if withdrawals from the deep aquifer are
excessive; (4) the surface-water supply will be reduced if groundwater withdrawals in the valley are increased; and (5) the salt content of the water in the shallow aquifer will 'increase if the drain flow
is reduced substantially.
Drain flow is directly related to the allotment of surface water for
irrigation and to the withdrawals of ground water from any of the
three aquifers. If surface-water supplies are inadequate, groundwater withdrawals may become so large that drain flow will cease,
and the water in the shallow aquifer will increase in dissolved solids
content. Thus, if the shallow aquifer is to remain a source of supplemental supply for irrigation, withdrawals of water must not 'be so
great that the drain flow is stopped or is reduced to a point that would
result in an unfavorable salt balance in the irrigated area.
The rated capacity of wells drilled in the shallow aquifer during
the period 1951-56 probably is adequate to meet the demands for
supplemental irrigation water even during prolonged periods of severe
shortage of surface water. The demand for irrigation water reached
a maximum in 1958 when nearly all the land was being irrigated in
this area. About 5 percent of the land, or about 1,000 acres, uses
ground water exclusively for irrigation; 95 percent uses surface water
supplemented by ground water when allotments are inadequate. The
crops require about 3 feet of water annually; thus the demand for
ground water ranges from about 3,000 acre-feet per year, when
surface-water supplies are adequate (as in 1958), to as much as 50,000
acre-feet per year during extended periods of surface-water shortages.
Development of additional water supplies from the shallow aquifer
for uses other than irrigation appears feasible. Withdrawals of water
for public supply from the shallow 'aquifer, however, should not exceed the capacity of the present El Paso shallow well field, about
17,000 acre-feet per year, or 15 mgd. The field includes nearly all
the area underlain by water suitable in quality for public supply.
Additional development from the shallow aquifer should be limited
to water of poor quality which can be used by industries.
The flow from Montoya Drain represents a large part of the water
that could be pumped from wells without seriously depleting the
amount of water in storage. The records of flow for the period
1946-50 show that about 70,000 acre-feet per year of ground water
could be pumped when surface-water allotments are adequate. Surface water was in short supply every year from 1951 to 1957; an
increase in pumpage and a decrease in the recharge rate to the groundwater reservoir reduced the average drain flow for the period to 17,000
acre-feet per year, a loss of 53,000 acre-feet per year from the rate of
TX_MSJ_006027
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the period 1946-50. The average pumping rate from 1951 to 1957 was
36,000 acre-feet per year. About one-third of the water pumped was
returned to the aquifer as seepage. Ground water used for irrigation
and municipal supplies accounted for about half of the drain-flow
loss, or about 26,000 acre-feet per year; the other half was caused by
a decrease in the recharge rate caused by the application of less
surface water to the land. The average decrease in the recharge rate
was greater than 26,000 acre-feet per year, because part of the water
pumped was withdrawn from storage. In 1958, when surface water
was adequate, the drain flow did not increase as much as expected,
because ground water in storage was replenished.
The greatest potential source of water for municipal and industrial
supplies is the medium and deep aquifers. In 1958 the city of El Paso
pumped an average of 6.8 mgd from the medium and deep aquifers.
The rated capacities of the pumps is 19 mgd, or about 6 mgd greater
than recharge to the aquifers. Pumping at capacity rates might
result ultimately in the encroachment of salt water} which overlies,
underlies, or adjoins the fresh water. Encroachment may be kept to
a minimum (1) if withdrawals of ground water do not exceed the rate
of recharge, (2) if withdrawals are as remote as possible from saltwater bodies, and (3) if withdrawals are chiefly from the deep aquifer.
Large withdrawals of ground water from the medium aquifer might
accelerate the contamination of the fresh-water body by increasing
the rate of downward movement from the shallow aquifer.
As a conservative estimate, at least 200,000 acre-feet of fresh water
can be recovered from storage in the Texas part of the valley. This
estimate does not include ground water in the New Mexico part of the
valley, which would replace the water withdrawn from the Texas
part of the valley. The rate at which fresh water in the medium and
deep aquifers is depleted will depend upon the withdrawal rate.
On the basis of past records, it appears that from all three aquifers
development of ground-water supplies in addition to irrigation supplies could total about 30,000 acre-feet per year, 16,000 acre-feet of
which may be safely obtained from the medium and deep aquifers.
SUMMARY AND CONCLUSIONS

The middle and deep aquifers of the Santa Fe group are the most
important sources of ground water in the lower Mesilla Valley for
the municipal supply of El Paso. The shallow aquifer, which consists
of Recent alluvium and a part of the Santa Fe, is used extensively as
a supplemental supply for irrigation and to a small extent as a source
for municipal and industrial supplies.
TX_MSJ_006028
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Recharge to the Santa Fe, estimated to be 13 mgd, is derived from
precipitation on the bordering uplands and from the valley in New
Mexico north of Anthony. The amount of recharge to the Recent
alluvium from infiltration of irrigation water varies in accordance with
the amount of water applied to the land. During periods when the
surface-water supply is normal, the potential annual accretion to the
alluvium is at least 36,000 acre-feet. When the water table is high
and the drains are flowing, most of the 36,000 acre-feet of recharge
will be returned to the river as drain flow.
Aquifer tests indicate that the three aquifers (deep, medium, and
shallow) in the city of El Paso well field near Canutillo are hydraulically connected; pumpage from one affects the water level in the others.
The tests showed substantial leakage between the aquifers. Therefore,
water higher in dissolved-solids content will percolate from the shallow
aquifer into the medium and subsequently into the deep aquifer to
replace the water of better quality that has been withdrawn.
Fresh water occurs in the Santo Fe from at least the New MexicoTexas State line southward to a line approximately through Canutillo.
South of this line, the dissolved-solids content of the water in the Santa
Fe increases until it becomes unfit for most uses. The quality of water
in the Recent alluvium varies widely. North of Canutillo and west of
U.S. Highway 80, the water in the alluvium is of good quality, but its
dissolved-solids content is greater than that of the water in the underlying Santa Fe. Because most of the recharge to the alluvium is from
infiltration of water applied to the land and from seepage from drains,
canals, and the river the quality of the ground water varies according
to the quantity and quality of the surface water available for irrigation. South of Canutillo, the water in the Recent alluvium is high
in mineral content but generally is of better quality than the water in
the underlying Santa Fe.
The use of ground water for irrigation in the lower Mesilla Valley
is inversely related to the supply of surface water. During periods
when surface-water storage in Elephant Butte Reservoir is normal,
pumpage for irrigation is negligible. Since 1957, pumpage of ground
water for the municipal supply of El Paso has increased each year, and
in 1958 water usage for minicipal supply exceeded the pumpage of
ground water for irrigation. In 1958 the city of El Paso pumped an
average of 6.8 mgd from the medium and deep acquifers of the Santa
Fe, or about 50 percent of the estimated recharge to the Santa Fe.
It is estimated that 560,000 acre-feet of fresh water is stored in the
alluvium and the Santa Fe in the Texas part of the valley and an additional 980,000 acre-feet in the part of the valley in New Mexico. About
150,000 acre-feet is in the alluvium in Texas. In the areas where the
TX_MSJ_006029
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fresh-water beds are overlain or underlain by salt water, probably
less than half of the fresh water can be recovered.
The large amount of ground water discharged as drain flow from the
lower Mesilla Valley indicates that additional supplies can be obtained
from wells tapping the shallow, medium, and deep aquifers. In addition to irrigation supplies, the three acquifers can furnish long-term
sustained supplies totaling about 30,000 acre-feet per year, 16,000 acrefeet of which may be safely developed from the medium and deep
aquifers.
Eesults of the investigation indicate that the ground-water resources
of the lower Mesilla Valley are insufficient to furnish a large sustained
supply of ground water for the increasing needs of the city of El Paso,
Detailed planning and proper development will be necessary to obtain
maximum recovery without serious contamination of the water supply.
Such planning should include (1) the collection of records of well construction, (2) well performance, (3) periodic water-level measurements, (4) pumpage records, and (5) chemical analyses of water
samples.
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OMMAIMMER BWDI& '10 !]bft W.WTS OF D1UJI!$ fl;
BEWT BUTTSS'.ICT, N. !fl.
Ground water in the subsurface reservoirs of the Biacon and. Mesilla Valleys,
73, Wax., can be pimped from wells to awpleinait surface-water sily during &owjit
years in the fleiait Butte District of the Rio Grands Project. adcording to a
Geological Swve' report released today by Secretary of the Interior Oscar L.
The report, by C. S. Conaver, antitled. "3romd-water conditions in the Rinon
and WeS.11s Valleys and •adjacatt areas in iTew Moxico," is based on studies made in
cooperation with the fleant Butte Iri.tton Dthtrict in iTow iCexico.
Locat interest in the pos sibili ties,devcloi,ing ground water to suppleinont
the Rio Grande surface supply stuns .from an oxt€nded pe±od of deficisit stream
r
flow ctring the period 1942 to 1S6. The 1nvestition was made to determine the
water-bearing characteristics of the sand and cavel deposits of the river valley,
and to determine the feasibility of pmzping gtound water as a mçlsnental water
suppl4 for irrition during anticipated periods of shorta&e of surface water from
)aerhait Butte Reservoir on the Rio Grande.
gr. Conover states,
&otinct-watc and surface-water sulies are interdeperdait, and grounil water pinped in the Bincon and Nesil].a Valleys does not
represant an additional supply or new source of water but rather a change in metiod,
time, and place of diversion of the supplies already utilized." He ooints out that
some a&justmsits ultirtely may be necessary, under the St.te water laws, in cases
ttere farmers use water from the ovnd and still receive a full share of water
from the District.
For a hypothetical year when the stpply of surface water vies assumed to be
less, by 1 acre-foot per acre of irrited lahd, than the amount needed, it was
determined that puaping of 2J42 acre-.feet of gxwth water per acre irritod would
be needed .to Ste up the deficiency.. This is partly becaise part of the water
would be lost -Ior seepage from the canals before reathing the fields, and partly
bocaise the pumping would. cut dcviii the flow of some of the drains used for irri,tion, and that deficiatcy would, have to be made up. Also, becase of the effect
upon the ground-water stoSGe, pimping of ground water for five such hypothetical
dry years would reire at least three additional years of partial pumping and
efficient iqater use after a roturn to a normal supply of surface water.
Included in the report is a mw showing the depth to water in Dcna Asia County
aid the location of wells on which lnfornstjon was obtajnod,

TX_MSJ_006032

. •ike typewi'itti rert, consisting of 316 sges of text aid tthles, :11 plates,
and 12 figures, may be ocisulted by interested pa'sons in the àffices of the Gcologicil SizY, 2209 General Services Bldg., Washington, P. (3., and 318 flosenwald.
Bldg., flbuajxerape, N. Met., of the D.ephant Butte Irrition Distxl.ct in Lea
(
Onoes, N. Max., and of the State lbgineer in Santa Ye, N. Max. The rort may
be pdbliahed later by the State.
xxx
(
P.N.*128
2
Interior—Dlicating Secti, t'iShington, P. C.
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MEMORANDUM
OFFICE OF THE STATE ENGINEER
DISTRICT 4
May 15, 2003
File:

LRG-1776

To:

John R. D’Antonio Jr., State Engineer
Paul Saavedra, Water Rights Division Chief
John Romero, WRAP Director

Through:

Calvin Chavez, District Supervisor

From:

Erek H. Fuchs, Lower Rio Grande Basin Supervisor

Re:

Emergency Application for Permit for Supplemental Wells
Local impairment analysis and issues for consideration

Applicant:

Elephant Butte Irrigation District

Summary
The Elephant Butte Irrigation District (EBID) filed emergency Application on April 1, 2003 for
Permit for Supplemental Wells by making use of existing wells owned by EBID constituents
throughout the EBID to supplement surface water rights of the Rio Grande Project in the amount
of up to 271,920 acre-feet1 of groundwater from the Lower Rio Grande Underground Water
Basin for a period not to exceed one year for the irrigation of up to 90,640 acres of land within
the EBID in Doña Ana and Sierra Counties. The application identifies ten existing wells owned
by EBID constituents, including wells owned by EBID Board President Gary Arnold and also
EBID General Manager Gary Esslinger, to serve as supplemental to surface water rights by
pumping into EBID conveyances (laterals and canals) at strategic locations for carriage, sale and
delivery elsewhere to EBID farmers in need of additional water. Continuing drought conditions
affecting the Rio Grande Project are such that EBID constituents can currently expect only about
22% (8 acre-inches per acre) of a typical full surface water allocation (3.0 acre-feet per acre).
Half (4 acre-inches) of the current total allocation available for release from the Elephant Butte
and Caballo Reservoirs this year reflects waters that otherwise would not be available to Rio
Grande Project beneficiaries, but are now planned to be released as a result of recent agreements
between Texas and New Mexico to relinquish 122,500 acre-feet of credit water as per the Rio
Grande Compact.

1

The application suggests a diversion amount of up to 3.0 acre-feet per acre of groundwater for the irrigation of
90,640 acres, however the actual quantity necessary to deliver this amount, which could be considerably more, is not
identified or addressed in the application as filed.
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The original five wells that are the basis for the groundwater right intended to serve the
application as recorded under declaration LRG-1776 et. al. are presently unequipped and
apparently are not desired for use. Personal communication on May 14, 2003 with Gary
Esslinger, General Manager for the EBID, confirmed that in fact the original five wells declared
under LRG-1776 et. al. are not planned to be used. However, the application indicates that
additional supplemental wells owned by other EBID members beyond the ten initially selected
will be identified in the future to be included under the application as filed. Presently, it is
unknown when or how many other wells may be identified.
The initial ten wells proposed for supplemental use, associated file numbers, their locations and
respective owners are listed herein and an impairment analysis of the predicted effects of these
first ten wells on neighboring wells of other ownership is included as required by NMSA 1978
§72-12-24. In summary, the analysis shows that even under very conservative assumptions, all
potentially affected neighboring wells of other ownership should not suffer impairment or as a
minimum should have sufficient remaining water columns to regain capacity if need be, at least
for the first year. Although the EBID’s emergency application seeks a temporary permit for a
period not to exceed one year, most indications are that drought conditions and the subsequent
shortage of surface water available to the Rio Grande Project will persist through next year and
for years to come. Therefore, much of the discussion herein considers the possibility of efforts to
eventually achieve a full irrigation allotment (3.0 acre-feet per acre) through groundwater
pumping alone, which is consistent with the presumed intent of declaration LRG-1776 et. al. and
the application as filed. Given the interrelated nature of the surface and groundwater system in
question, groundwater diversions of the magnitude potentially necessary to serve the application
or that may occur for years to come despite the application as discussed herein are such that
much of the available or remaining mainstem flows of the Rio Grande below Caballo Reservoir,
beginning with drain flows within the EBID, could be negatively and substantially affected
almost immediately, although it is uncertain how severe these effects might be. Should drought
conditions persist on a multi-year, continuous basis and the supplemental pumping in question
continues at or near full capacity, the manner in which the State of Texas will receive a
proportional share of Rio Grande Project water and the quality associated with such in future
years remains largely uncertain. In the absence of a clear plan of replacement and/or state line
delivery strategy and working agreement with the EBID under these circumstances, it must be
assumed that the State of New Mexico could eventually be met with a challenge under the Rio
Grande Compact. However, because most of the EBID (~ 90%) already has on-farm access to
private wells for supplemental purposes and will in all likelihood continue to use them at or near
full capacity, the potential for such a challenge may exist regardless of the action taken on the
application. In fact, groundwater pumping very similar to that described in the EBID’s
emergency application has been initiated and is expected to continue to develop. Most material
efforts of this office and possibly those at the state level to discontinue this activity in the field
under the current drought conditions will very likely result in mayhem, significant media
attention and much political posturing. In the event that EBID’s groundwater pumping program
is endorsed or some sort of cooperative agreement is reached, some extraordinary data collection
and technical sharing opportunities (i.e. metering, monitoring and measurement, model
calibration and refinement) may be available to the Office of the State Engineer, including
2
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information necessary for the development of a state line delivery strategy. This data could prove
to be very useful, particularly if and when New Mexico finds itself engaged in litigation with
Texas, but will probably only be shared in the event that an agreement can be reached on the
application in question. If so chosen, potential may exist such that the mere act of sanction
and/or endorsement alone regarding the EBID pumping program as it is proposed may strain
already tenuous relations with Texas and others and could result in many problems, including the
increased potential for a challenge under the Rio Grande Compact due to the uncertain extent of
effects of this large scale pumping on the quantity and quality of the mainstem flows of the Rio
Grande below Caballo Reservoir. Although no clear conclusion is at present offered herein as
the basis for recommending an action on the application (approval or otherwise), several aspects
of the application and important considerations concerning the basis for the groundwater right
intended to serve the application are reviewed.
Discussion
The supplemental groundwater pumping proposed in the application would be used to irrigate
any or all lands that are assessed surface rights via the Rio Grande Project throughout the EBID,
potentially with groundwater alone, irrespective of whether or not specific tracts of land have
actually received groundwater prior to the State Engineer’s jurisdiction in the Lower Rio Grande
as recorded and on file or otherwise, or if surface rights of which groundwaters have traditionally
been considered supplemental to and in most instances inseparable2 have been leased or
transferred for use elsewhere within the EBID, or such tracts have been permitted recognizing
specific wells and associated rights with specific permit conditions or perhaps have been
adjudicated. The initial consideration concerning the use of groundwater on lands that have
never before been irrigated with groundwater could be particularly problematic in lieu of policy
memorandum dated October 22, 2002 from Water Rights Division Chief Paul Saavedra in which
it appears that staff are directed to no longer accept applications for supplemental wells to serve
as alternate points of diversion to irrigate tracts of land of which groundwater rights are not
appurtenant. Memorandum dated January 9, 2002 from Lower Rio Grande Basin Supervisor
Erek Fuchs concerning file LRG-11558 also elaborates on this issue. It is worth considering that
in lieu of continuing drought conditions, if this policy is revoked or interpreted very differently it
is quite possible that a deluge of applications from individuals seeking supplemental wells to
serve as surrogates to surface water might occur. This activity would in all likelihood not be
limited to the Lower Rio Grande and the EBID, but would probably be very popular in the
Middle Rio Grande Conservancy District and elsewhere. Unfortunately, there could be as much
as 12,000 acres3 throughout the EBID of which surface rights are assessed but groundwater rights
are not appurtenant. Other considerations regarding existing permits and associated conditions of
approval and more significantly matters of adjudication as per New Mexico ex rel. Office of the
State Engineer v. Elephant Butte Irrigation District, et al., Case No. CV 96-888 (1996) also pose
significant problems in entertaining the EBID’s application as filed. For example, informal
2

Groundwater rights for irrigation purposes in the Lower Rio Grande where the land in question is also irrigated
with surface water have traditionally been considered supplemental and most often junior to surface water. The
administrative result in the Lower Rio Grande has been that if all or part of the surface right is transferred or
abandoned, the groundwater right for that part is likewise severed.
3
Hydrographic Survey of the Lower Rio Grande (2000). Approximate total of those lands found to be “Surface
Only” is about 12,711 acres.

3
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internal estimates are that roughly one-third (~ 6000 acres) of the Rincon Valley within the EBID
has been adjudicated. Some of these lands have been adjudicated recognizing only surface water
rights, while other tracts of which the historic supplemental use of groundwater has been proven
are recognized by court order to be served only from specific wells. Another complexity that
warrants concern is the fact that some of the tracts that benefit from Rio Grande Project water in
the southern-most reaches of the EBID are split to varying degrees between the States of New
Mexico and Texas. Of course, these farms are logically managed and irrigated contiguously;
therefore there is no practical way to prevent the flow and use of groundwater originating in New
Mexico as it is proposed in the EBID’s emergency application from being exported in part for
use in Texas. This activity may require that the provisions of NMSA 1978 §72-12B-1
concerning exportation of waters outside the state be observed. Additionally, it is worth noting
that if the application is to receive the benefit of full consideration, it must be advertised as
required by NMSA 1978 §72-12-3(D). Upon advertisement, substantial public attention and
numerous protests can be expected, including objections from several Texas entities. Because
additional wells in as yet undisclosed numbers and locations are proposed to be added at some
later date or dates, multiple advertisements at various times in the future will probably be
necessary to include these wells, thus increasing exposure and attracting more protests.
The use of groundwater as it is proposed by the EBID is of course motivated by current drought
conditions and the resultant shortage of Rio Grande Project surface water, but apparently is also
motivated by the institutional interests of the EBID Board of Directors. This is in contrast to the
more traditional private landowner basis for groundwater development for irrigation and other
purposes as it has formally evolved through statutory direction, water rights administration and
regulation observing and protecting individual property rights in the Lower Rio Grande and
elsewhere. Arguably, the EBID’s proposed groundwater pumping program is somewhat of a
stretch beyond the EBID’s more familiar and statutorily sanctioned role regarding the surface
waters of the Rio Grande Project, although this is certainly not the first time that drought
conditions have plagued the Rio Grande Project, and actually it is not the first time that the EBID
has attempted to establish a groundwater pumping program to supplement surface water.
However, the last time (mid-late 1970’s) the EBID made such an attempt, a flurry of litigation
ensued as described in Mestas v. Elephant Butte Irrigation District, District Court of New
Mexico, Cause No. 79-1689 (1979). This legal contest regarding impairment concerns and other
issues of authority following EBID’s efforts to pump a large amount of groundwater to mitigate
drought effects over twenty years ago became so severe that the membership of the EBID Board
of Directors completely changed in the early 1980’s, although judgment of the case as it was
ultimately reviewed on appeal by the US Tenth Circuit Court of Appeals in 1981 remains
somewhat inconclusive. Apparently, the EBID was not happy with parts of the original decision,
including a 1.5 mile radius limitation on transportation of pumped groundwater from each source
well and also the required distribution of all groundwater pumped from the wells on a pro rata
basis to each landowner assessed within the EBID. The Tenth Circuit remanded the case back to
the US District Court in Albuquerque, NM where it had been originally heard to consider the fact
that the State Engineer had since formally declared the Lower Rio Grande Underground Water
Basin in 1980. The Tenth Circuit also urged that the District Court consider whether federal
subject matter was warranted. No further judgment has since been rendered, although it is
4
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obvious that the federal courts were of the opinion that as of 1980, the State Engineer had lawful
jurisdiction in the matter. Therefore, although the EBID is no stranger to droughts and
apparently has experimented with a groundwater pumping program in years past, the emergency
application in question is essentially the first time that the EBID has sought formal approval from
and to some extent cooperation with the State Engineer in carrying out conjunctive management
and administration of the collective ground/surface water resource of the Lower Rio Grande.
The significance and complexity of this notion, particularly in a time of severe drought, needs
little acknowledgement since the historical merits, institutional differences, local municipal and
industrial interests, the Rio Grande Compact and concerns regarding potential litigation with the
State of Texas tend to speak for themselves.
The basis for the groundwater right intended to serve the application is described under
declaration LRG-1776 et. al. This controversial claim was filed by the EBID on June 1, 1981
asserting a pre-basin intent beginning sometime in 1973 to make use of at least five wells,
numbered LRG-1776 through LRG-1776-S-4, drilled on behalf of the EBID by R.L. Guffey
between 1973 and 1975 on lands owned by the US Bureau of Reclamation to supplement surface
water in the amount of up to 3.0 acre-feet per acre for farm irrigation and related purposes on a
pro rata basis on 90,600 acres of land4. Information included in the application (page 3, part 9 of
affidavit from EBID Board President Gary Arnold) and documented in Mestas v. Elephant Butte
Irrigation District (1979) indicates that surface water shortage conditions in the late 1970’s
hastened an approximate maximum total of 13,000 acre-feet of groundwater pumped from wells
LRG-1776 through LRG-1776-S-4 during the 1977 irrigation season. This groundwater may
well have been offered to EBID constituents on a pro rata basis, but the locations of the wells and
other conveyance logistics were and are such that only a select few EBID members in the southcentral area of the EBID, roughly between San Pablo and Santo Tomas, could possibly have
made use of this groundwater. In fact, this concern was part of the motivation leading to
litigation as described in Mestas v. Elephant Butte Irrigation District (1979). The pro rata, or
equitable apportionment of Rio Grande Project waters, be they of surface or ground origin (if it is
so determined) is actually quite an important point because obvious injustices leading to
significant legal problems will very likely (and apparently did in 1979) ensue if the waters of this
major federal reclamation project were or are made available only to those of convenient location
to wells within the EBID. To some extent, a concern to this effect is discussed in a letter
included in the application (Tab 8) dated September 9, 1996 from EBID Board Member and Vice
President Rudy Provencio.
A return to a full allocation of surface water in 1979, coupled with litigation resulting from the
Mestas (1979) case as discussed above, prompted use of wells LRG-1776 through LRG-1776-S4 to be discontinued. Wells LRG-1776 through LRG-1776-S-4 have not been in operation since,
are presently unequipped, and a full allocation of Rio Grande Project surface water has been
available consistently for the last 23 years until the present shortage. Although wells LRG-1776
through LRG-1776-S-4 were drilled to appreciable depths (~ 400-600 feet) and completed in
flood plain alluvium, in near proximity to the Rio Grande (~ 1.0 mile) and were each fitted with
4

The application as filed identifies 90,640 acres of land; however, declaration LRG-1776 et. al. only identifies
90,600 acres of land.
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16-inch casings with thus relatively high potential peak capacities (~ up to 3000 gallons per
minute per well (Driscoll, 1986), depending on pump equipment), the potential combined
maximum yield from all five wells (~ 13,920 acre-feet assuming 7-months5, March – September,
constant pumping at peak capacity and 100% well efficiency) would not be nearly sufficient to
irrigate 90,600 acres of land on a pro rata basis. The declaration itself does not indicate intent or
plans to drill additional wells, however information included in the application as filed (Tab 6 of
the application, part 5 of a letter dated March 1978 from then EBID Board President L.E. Archer;
page 3, part 9 of affidavit from current EBID Board President Gary Arnold) suggests that at least
another five wells and perhaps as many as a total of 36 wells may have been planned. Even if 36
high capacity wells were drilled, assuming each well capable of 3000 gallons per minute for 7months (~ 100,227 acre-feet), this still would not be nearly sufficient to irrigate 90,600 acres of
land on a pro rata basis (would equate to about 1.1 acre-feet per acre, or about 37% of a full
allotment). Assuming each well would need to be capable of 3000 gallons per minute for 7months, about 98 or more such wells would actually be needed to divert an amount equivalent to
3.0 acre-feet per acre on 90,600 acres of land.
It is important to consider that the discussion above assumes direct, on-farm application of water
from the well or wells, which under the circumstances is not the case since the groundwater in
question was and is to be pumped into EBID canals and laterals for conveyance elsewhere
throughout the EBID. According to Wilson (1998), when the source of irrigation water does not
originate on the farm, an additional quantity of water must be diverted from the ultimate source
of supply to make up for conveyance losses between the farm headgate and source of water.
Estimated off-farm conveyance losses are added to the farm delivery requirement or actual onfarm application of water to arrive at the total diversion requirement, however this additional
amount could be fairly small if not negligible, or could be quite significant depending on
conveyance distances. Because the application does not specify a maximum conveyance
distance, it must be assumed that the distances could be quite far (i.e. several miles). Wilson
(1998) reports that the off-farm conveyance efficiency in the EBID is normally 60-65%, although
this figure is generally more applicable to transportation of surface water in the EBID
conveyance system. If the diversion amount were strictly limited to 3.0 acre-feet per acre as may
be inferred from the application as filed, the actual pro rata delivery would be about 1.8 acre-feet
per acre assuming 60% off-farm conveyance efficiency. If a parallel is made with the surface
waters of the Rio Grande Project as may also be inferred from the application as filed (page 2,
part 6 of affidavit from EBID Board President Gary Arnold), then the practical intent of
declaration LRG-1776 et. al. and also the application is in all likelihood to actually deliver up to
3.0 acre-feet per acre, which would be consistent with the traditional operation of the Rio Grande
Project regarding surface water. As a somewhat broad but perhaps reasonable generalization, in
the absence of surface water the EBID may have to actually pump about 450,000 acre-feet in
order to deliver up to 3.0 acre-feet per acre of groundwater, again assuming 60% off-farm
conveyance efficiency, though it is worth considering that both on and off-farm irrigation
efficiency will necessarily suffer if well capacity, efficiency and/or rate of delivery restrictions
prolong irrigation, particularly under flood application techniques. This is because a higher
5

For the purposes of this discussion, 7 months (210 days), March through September, is taken as a generalized
seasonal time frame to represent the primary irrigation season in the Lower Rio Grande on average.
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percentage of water originating from the well, transported some distance (with conveyance
losses) and ultimately applied to the field may infiltrate and drain below the effective root zone
long before the field is uniformly and effectively covered. Reduced on-farm irrigation efficiency
necessarily results in greater off-farm demands and a higher farm delivery requirement, which in
turn requires additional water (well operated longer) to eventually cover the field and distribute
the consumptive water needs of the crop (deliver the consumptive irrigation requirement). This
observation is the rationale behind increased irrigation efficiency widely reported with high-flow
turnouts using surface water in which water is applied to a field much faster (and hence covers
the field faster) than is possible with standard turnouts, provided of course sufficient head is
available and can be timely conveyed in the surface water system. The same might be achieved
by use of groundwater provided that enough wells of sufficient capacity can be operated
simultaneously in reference to a defined and/or limited segment of the conveyance system, but to
do so would in most instances require extensive planning and coordination. Under the above
assumptions of well capacities, off-farm conveyance efficiency and pumping duration,
theoretically about 160 or more large wells would probably be needed to deliver up to 3.0 acrefeet per acre of groundwater on 90,600 acres of land. It could be construed from this estimation
that given issues of practicality, efficiency and thus conservation of water and certainly the very
substantial and costly well requirements in question, the EBID’s intent as a Board of Directors
may not have ever actually nor could have reasonably been to achieve a full irrigation allotment
through groundwater pumping alone, however the intent identified in declarations LRG-1776 et.
al. and also described in the emergency application tends to suggest otherwise and thus should be
considered accordingly.
Capacity and/or perhaps feasibility questions aside, it is clear that the EBID did initiate a
groundwater-pumping program to supplement Rio Grande Project surface water to some extent
well before the State Engineer’s formal jurisdiction in the Lower Rio Grande on September 11,
1980 and it is also obvious that the program, for numerous reasons, did not reach fruition.
Consequently, the basis for the groundwater right intended to serve the application as it is
described under declaration LRG-1776 et. al. may be taken as an inchoate, or Mendenhall6 claim.
Typical administrative considerations in evaluating Mendenhall claims include, among other
things, physical proof that the claim was in fact lawfully initiated prior to the State Engineer’s
jurisdiction, the reasonableness of the claim and the extent to which diligence has been or is
being shown in carrying out the intent of the claim. The first of these basic considerations
concerning initiation of the claim is without doubt, however the later two issues regarding
reasonableness and to a lesser extent diligence do warrant discussion. Of course, along with
these basic considerations are primary statutory requirements regarding impairment, conservation
of water and public welfare as set forth in NMSA 1978 §72-12-3(E).

6

Briefly, the significance of this historic decision as it is generally interpreted for administrative purposes is that so
long as the right in question, the works and use associated with which having been lawfully initiated prior to formal
declaration of the basin in question, is exercised in concert with the intent declared and done so with due diligence
and in harmony with all applicable administrative conditions and/or statutory considerations (i.e., no willful waste,
etc.), the opportunity to continue to develop the right within a reasonable period of time and associated priority are
generally preserved. State of New Mexico v. Mendenhall, 68 N.M. 467, 362 P.2d 998 (1961).
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The reasonableness of pumping groundwater to supplement an often uncertain surface water
supply for irrigation needs, particularly in times of drought, is quite consistent with most forms
of logic in an inherently arid environment and in fact has occurred throughout much of the EBID
historically and almost exclusively by way of private landowners and farmers drilling wells to
irrigate specific tracts of land on a largely private basis prior to the State Engineer’s jurisdiction
in the Lower Rio Grande. Much, but by no means all of this activity is documented and on file
with this office as it has occurred historically in the form of declarations and in many instances
permits as many wells drilled in the 1950’s and other times have been replaced in recent years
under appropriate authorization. It is realized that some irrigators may lack the financial ability
to have ever drilled wells or perhaps repair or replace existing older wells as is noted in the
application (page 2, part 7 of affidavit from EBID Board President Gary Arnold), but as it has
been held for quite some while by the New Mexico Supreme Court (i.e. Rio Puerco Irrigation
Company v. Jastro, 19 NM 149, 154, 141 P. 874, 879 (1914)), poor financial conditions resulting
in inability to put water to beneficial use is not an excuse for nonuse. It is also realized that many
EBID farmers, particularly during the drought of the 1950’s, did coordinate quite successfully
and shared groundwater from individual, privately owned wells with less fortunate growers such
that a relatively small amount of otherwise irrigable acreage was left fallow. This point is also
noted in the application (page 2, part 7 of affidavit from EBID Board President Gary Arnold).
Barring arguments for abandonment and/or forfeiture, when and where this activity has occurred
as it has been or may be documented with this office is well within the confines of existing law,
regulation and administrative protocol. The central point or perhaps question then concerning
the issue of reasonableness may be why, if indeed EBID farmers have coordinated so
successfully in years past (i.e. 1950’s) is it now necessary for the EBID to come forth in an
institutional posture to do or help do or perhaps replace in part what private individuals and
farming businesses have been and can continue doing themselves? In part, depending on
philosophy and perspective, an answer to this may be found from within the EBID’s own
constituency as expressed over twenty years ago and documented in Mestas v. Elephant Butte
Irrigation District (1979), whereby one of the chief contentions of the group of EBID members
having brought suit against the EBID was that the EBID had no authority to pump and sell
underground water and even if such authority did exist, to do so would be wasteful because
sufficient private wells were already available to achieve cooperation and sharing among farmers
to meet all water needs in times of drought and otherwise. Of course, the cooperation and
sharing of wells contended by the EBID members would have in all likelihood included some
measure of monetary exchange as such sharing occurred in the field. Thus, it is possible that
private fiscal affairs may have motivated the Mestas case to some extent. A potential benefit to
the possibility of EBID’s institutional oversight of supplemental groundwater pumping could be
the expanded role of regulation and policing within the commercial irrigation community,
however it is unlikely that the average EBID constituent will demonstrate significantly more
interest in cooperation with EBID ditch-riders and other personnel as opposed to staff of the
Office of the State Engineer. If a benefit does exist, it is probably to be found in the fact that the
EBID has many more ditch-riders at their discretion than the State Engineer has formally
educated, trained and available technical staff at the local level. A more specific question of
reasonableness concerns whether the EBID as an institution (as opposed to a collection of private
individuals and respective farming operations) could have or can now drill or contract use of
8
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somewhere around 160 high capacity wells throughout the EBID to reasonably assure practical
availability and delivery of up to 3.0 acre-feet per acre of groundwater to every EBID farm-rate
member on a pro rata basis scattered throughout and across over 200 square miles of land?
Perhaps most fortunately, the full opportunity or need to prove this was cut short in the late
1970’s given a return to full surface water availability, thus the answer may be as uncertain as, or
perhaps proven in how and for what duration drought conditions continue to affect the Rio
Grande Project. In the event that EBID’s groundwater pumping program should proceed much
as proposed and does experience significant development in the field, there may be some
extraordinary data collection opportunities (i.e. metering, monitoring and measurement, model
calibration and refinement) available to the Office of the State Engineer, in addition to some
shared responsibility of policing and other regulatory burdens. The later, however, could very
well result in questions of jurisdiction and much added confusion.
The question of diligence concerning development of the EBID claim is somewhat moot because
immediately following the discontinuance of wells LRG-1776 through LRG-1776-S-4 in the late
1970’s, drought conditions lessened and a full allocation of Rio Grande Project surface water was
and has been available consistently for the last 23 years until the present shortage. Although
arguments concerning prudent planning and the inevitability of returning drought and surface
water shortage conditions can be made, it stands to reason that the wells apparently were not
maintained nor were additional wells drilled given the availability of much less expensive surface
water. This observation may tend to counter arguments for abandonment. Page 4, part 11 of
affidavit included in the application from EBID Board President Gary Arnold identifies several
steps the EBID has taken to maintain the rights claimed under LRG-1776 et. al. since the wells
were initially declared in 1981. All of the activities discussed appear to have stemmed from a
renewed interest and concern originating in or about 1996 regarding the potential for drought
conditions to affect the Rio Grande Project. Indeed, according to numerous data sources7
available through the US Bureau of Reclamation, more recent drought conditions in the Rio
Grande Basin and records of well below average runoff and recharge to the Elephant Butte
Reservoir are well documented as beginning in or about 1996. Therefore, it appears that EBID’s
interest in an institutionally managed groundwater pumping program to supplement surface water
is largely if not strictly limited to drought contingency measures. In this sense, diligence is
derived and thus driven by drought conditions and cannot be effectively measured or predicted,
other than perhaps by the activity demonstrated in the late 1970’s concerning LRG-1776 et. al. If
this activity is taken as the measure and limit of the Mendenhall claim, then the groundwater
right in question could be limited to the maximum diverted and placed to beneficial use
historically. This amount is about 13,000 acre-feet as documented in the application (page 3,
part 9 of affidavit from EBID Board President Gary Arnold) and discussed in Mestas (1979),
however such an amount, if apportioned equally on a pro rata basis across the EBID’s 90,640
acres of irrigable lands, would only result in approximately 1.72 inches of additional water per
acre and could be as little as 1.02 inches per acre if 60% off-farm efficiency is assumed. Such an
amount is clearly insufficient for any practical irrigation activity and an attempt to actually
deliver such a deficient quantity on a pro rata basis could be argued as contrary to conservation of
water. For that matter, the current surface water allotment of 8 inches per acre as it is expected
7

i.e., US Bureau of Reclamation, DataWeb: http://www.usbr.gov/dataweb/html/riogrande.html
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could also be argued to be pointless, however it is worth noting that this relatively small quantity
of water could effectively serve as a wetting front throughout the EBID’s system of canals and
laterals to more efficiently convey groundwater that is/will be pumped into the system. Actual
operations, however, are concerned with a block-release type of strategy to deliver a relatively
few but reasonably efficient and effective number of irrigations throughout the irrigation season
with the limited water that is available in storage. The only viable alternative or possibility to
efficiently make use of the 13,000 acre-feet discussed above, if in fact the EBID’s groundwater
claim is limited to this amount, might be to make this quantity available on a pro rata basis from
the EBID’s “conservation pool”. Traditionally, the EBID’s conservation pool reflects surface
rights of the Rio Grande Project otherwise appurtenant to lands within the EBID that have been
caused to be fallow due to assessment delinquency and/or other reasons, or may reflect surface
rights owned by individual EBID farm-rate members (owners of tracts greater than two acres)
that have voluntarily fallowed their lands and made the rights available to the EBID for lease to
other EBID farm-rate members. If the 13,000 acre-feet of groundwater were administered this
way and pumped from wells located on-farm or nearly so, and a pro rata surface water allotment
of 8 inches is assumed as currently expected, then approximately 5,600 acres could be irrigated at
a full allotment of 3.0 acre-feet per acre. However, this is not the intent or request proposed in
the EBID’s emergency application and to evaluate it as such would be arguably inappropriate.
In closing, it should be noted that although the EBID’s emergency application seeks a temporary
permit for a period not to exceed one year, all indications are that drought conditions and the
subsequent shortage of surface water available to the Rio Grande Project will persist through
next year and for years to come. Because the availability of credit waters via the Rio Grande
Compact are indeed limited and may not last for more than another one or two years depending
on negotiations between Texas and New Mexico, it is highly probable that the groundwater
pumping program currently proposed by the EBID will be sought again next year and for perhaps
years to come and could eventually lead to efforts to achieve a full irrigation allotment through
groundwater pumping alone. The amount of groundwater diversions potentially necessary to
achieve a full allotment of 3.0 acre-feet per acre for the entire EBID in the absence of surface
water could be up to 450,000 acre-feet or more as discussed previously and is really only part of
the amount actually needed to meet crop requirements. Most EBID constituents consider average
annual crop requirements in the Lower Rio Grande to be about 4.0 or 5.0 acre-feet per acre and
many farmers, particularly those engaged in the production of alfalfa and/or pecans, believe as
much as 6.0 acre-feet per acre is needed. Though much opportunity for debate exists over
whether such quantities are actually needed for full production, the reality is that most growers
here have and will continue to strive to apply these amounts as long as they consider it
economically viable to do so. Traditionally, this additional quantity has been pumped by
individually owned private wells for on-farm irrigation needs in furtherance of individually
owned groundwater rights, or may in a limited number of other cases be acquired in part through
the EBID’s conservation pool if surface waters are available. This additional amount could be
roughly 150,000 acre-feet or more annually assuming (conservatively) up to an additional 2.0
acre-feet per acre is needed to meet average crop requirements and about 90% of the EBID has
on-farm access to private wells and only about 10% of the EBID is fallowed on average each year
as suggested by Wilson (1998). However, considerably more land could be fallowed and thus a
10
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lesser quantity pumped in response to drought conditions should the expense of production (well
operations) infringe upon profit margins beyond some economic threshold. Potential may also
exist to encourage voluntary fallowing beyond what agricultural markets in the area might
typically influence in the event that appropriate incentives are made available, and it should also
be noted that while many EBID farmers have already voluntarily and at personal expense
fallowed some lands and have engaged in water-conserving strategies where possible such as
laser-leveling fields and choosing low water-consuming crops (i.e. cotton), there is probably
much more remaining opportunity for water conservation. Pecan growers, however, despite the
controversy over the benefits and argued “savings” with drip irrigation systems, have really very
few options. It is theoretically possible that in the absence of surface water, total groundwater
diversions from the Lower Rio Grande for irrigation needs within the EBID could be
approximately 600,000 acre-feet or more annually if the entire irrigable area is placed into
production. However, since at least 10% of the EBID can be expected to be fallowed in any
given year, total groundwater diversions for irrigation needs would probably approach no more
than about 540,000 acre-feet annually. The application as filed does not contemplate the
possibility or perhaps reality of some percentage of fallowing now or in the future, but rather
identifies all lands encompassed within the EBID with the presumed intent to be irrigated,
potentially with groundwater alone. Because most of the EBID already has on or near-farm
access to private wells for supplemental purposes, an amount somewhat close to this could
potentially be pumped regardless of whether the EBID pumping program is endorsed and
ultimately developed in a form similar to that currently proposed. To this end, certainly some
and perhaps many EBID constituents are currently and have in the past engaged in the practice of
pumping groundwater into EBID system conveyances for use by other EBID farmers, similar to
that proposed in the application, irrespective of historic use of groundwater in the Lower Rio
Grande as it may or may not be documented and on file or in need of permit. Groundwater
pumping very similar to the program proposed in the EBID’s emergency application has in fact
been initiated and will in all likelihood continue to develop. Most material efforts of this office
and possibly those at the state level to discontinue this activity in the field under the current
drought conditions will very likely result in mayhem, significant media attention and much
political posturing. Physical efforts to discontinue this activity in the field could be met with
violence in some cases. Conversely though unfortunately, potential does exist such that if so
chosen, the mere act of sanction and/or endorsement alone regarding the EBID pumping program
as it is proposed may strain already tenuous relations with the State of Texas and others and
could result in similar problems, including the increased potential for a challenge under the Rio
Grande Compact due to the uncertain extent of negative effects of this large scale pumping on
the quantity and quality of the mainstem flows of the Rio Grande below Caballo Reservoir.
Although formal comments from the OSE Hydrology Bureau, Dr. Barrol in particular, should be
sought for a more thorough analysis of possible river effects in response to the EBID’s extensive
groundwater pumping, a few relatively safe generalizations can be made. Similar to and in some
respects worse8 than the effects documented during the drought of the 1950’s, groundwater
8

Though specific numbers are not available, there are considerably more irrigation wells in the Lower Rio Grande
that have been drilled and equipped on average with better, higher capacity pumps more recently than existed in the
1950’s, in addition to the substantial competing demands from municipal, industrial and subdivision needs that have
grown exponentially in the last fifty years.
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diversions of the magnitude suggested above would rapidly create a large, negative hydraulic
gradient throughout the Rincon and Mesilla Valley’s such that virtually all surface water drains
within the EBID would soon go dry. In turn, much of the available or remaining mainstem flows
of the Rio Grande below Caballo Reservoir, if there are any for all practical purposes, would be
negatively and substantially affected almost immediately, however it is uncertain how severe
these effects might be and for how long even after drought conditions eventually subside. Many
shallow wells (~ 100 feet) for domestic and other needs will likely experience problems early on,
though most of the deeper (~ 300-400 + feet) domestic wells, large municipal wells in the area
and the newer, deep irrigation wells will probably have sufficient capacity for many years to
come given the generally robust status of the primary aquifer in the region. Even in full surface
water supply years this office has received complaints from owners of small, shallow domestic
wells in proximity to larger scale irrigation pumping in the vicinity of Anthony, NM, although it
quite possible that the effects of the well-field expansion and associated increased pumping
occurring in neighboring Canutillo, TX may also be responsible for effects in this area. This
problem is expected to get worse and may prove to be difficult in many instances upon seeking to
isolate specific sources of impairment since much of the effects may be due to collective regional
pumping rather than individual wells. Also, many of the shallow domestic wells expected to
experience problems may simply have never been constructed properly or drilled deep enough to
reasonably make use of the groundwater resource, however the owners of such wells will no
doubt demand some sort of compensation from somebody or as a minimum require a thorough
investigation from this office. Following the onslaught of supplemental irrigation pumping
discussed above, significant salt accumulations can be expected and in some cases other water
quality problems may become evident as poorer quality shallow groundwaters are drawn down to
commingle with generally better quality groundwaters at depth. Given the increasingly
environmentally conscious nature of much of the populace in the region, environmental litigation
may be quite possible, including federal action under the Clean Water Act, or perhaps worse, the
Endangered Species Act. The duration and extent of river effects and degradation will of course
be influenced by numerous hydrologic factors and variables, some known and some unknown,
but will tend to be governed chiefly by the nature and magnitude of pumping and persistence of
drought conditions. While the above assumptions may be more representative of a worst-case
scenario, it seems prudent to plan for the possibility of extended drought conditions. Despite the
popular belief that New Mexico’s obligations to Texas under the Rio Grande Compact
essentially end at the Elephant Butte Reservoir, should drought conditions persist on a multiyear, continuous basis, the manner in which Texas will receive a proportional share of Rio
Grande Project water and the quality associated with such in future years under the above
conditions remains largely uncertain. In the absence of a clear plan of replacement and/or state
line delivery strategy and working agreement with the EBID under these circumstances, it must
be assumed that New Mexico could eventually be challenged under the Rio Grande Compact.
Because most of the EBID already has on-farm access to private wells for supplemental purposes
as noted previously and will in all likelihood continue to use them at or near full capacity, the
potential for such a challenge and a subsequent, very expensive tour of the US Supreme Court
may exist regardless of the action taken on the EBID’s emergency application.
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The extent to which if any the EBID’s groundwater claim under LRG-1776 et. al. can be formally
recognized and defensively endorsed for administrative permitting purposes to serve the
emergency application as filed is a judgment call probably best left to the State Engineer himself.
It is important to keep in mind that whatever the judgment may be, the decision will probably
carry some negative consequences either way and will have a profound bearing on managerial
and administrative operations in the Lower Rio Grande for years to come, perhaps indefinitely. It
is also important to note that inaction in this matter, should this be considered a choice, may be
among the worst of available options because the appearance of uncontrolled pumping, illegality
and/or the equivalent of water anarchy in the Lower Rio Grande will surely erode the credibility
of the Office of the State Engineer and may beckon numerous lawsuits. If nothing else, it is
recommended that a clear plan of replacement and/or state line delivery strategy be coordinated
with the EBID very soon with particular emphasis on more long-term drought planning. It is
clearly important to assure that Texas receives a proportional share of Rio Grande Project water,
but it is also very important to safeguard New Mexico’s interests within the EBID and the Lower
Rio Grande. While institutional differences and questions of jurisdiction are inevitable and will
likely continue between the Office of the State Engineer and the EBID, it is further recommended
that serious efforts be undertaken to clearly define and communicate the managerial and
administrative roles between the two entities to better address the conjunctive reality of the
Lower Rio Grande surface and groundwater system.
Local impairment
Section C.6 at page 8 of Turney (1999) states that in the determination of whether local
drawdowns are excessive, available water columns, impacts from existing and proposed uses,
and the ability to deepen wells to sustain the freshwater supply will be considered as deemed
necessary. The criterion also states that drawdown calculations may be performed using the
superposition model or the Theis equation, whichever method results in the greatest impact or is
more realistic for the situation. Barroll (1999) reports that the model does not accurately
estimate drawdowns near a simulated pumping well if distances are closer than about a mile from
the pumping well, therefore the Theis equation was chosen for the purposes of this analysis.
Briefly, the Theis analytical nonequilibrium well equation was developed in 1935 and was the
first to take in to account the effects of pumping time on well yield (Driscoll, 1986). Its
derivation was a major advance in groundwater hydraulics. In its simplest form, the Theis
equation is:

s = 114.6 Q W(u)
T
where
s = drawdown, in feet, at any point in the vicinity of a well discharging at a constant rate
Q = pumping rate, in gallons per minute
T = coefficient of transmissivity of the aquifer, in gallons per day per foot
W(u) = “well function of u” and represents an exponential integral such that
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u = r2 S
4Tt
where
r = distance from the pumping well
S = storage coefficient
T = transmissivity
t = time
The original derivation of the Theis equation is based on the following broad assumptions:
1. The water bearing formation is uniform in character and the hydraulic conductivity is the
same in all directions.
2. The formation is uniform in thickness and infinite in areal extent.
3. The formation receives no recharge from any source.
4. The pumped well penetrates, and receives water from, the full thickness of the waterbearing formation.
5. The water removed from storage is discharged instantaneously when the head is lowered.
6. The pumping well is 100% efficient.
7. All water removed from the well comes from aquifer storage.
8. Laminar flow exists throughout the well and aquifer.
9. The water table or potentiometric surface has no slope.
A set of Theis computer programs were written by M. Spinks of the OSE in the 1980’s and
revised by P. Barroll of the OSE in 1992 and 1994. The program calculates the drawdowns at
specified observation points that are caused by pumping at specified wells. The locations of
wells LRG-1776 through LRG-1776-S-4 are documented on file and described in the application,
however because these wells are not equipped and will not be used in the groundwater pumping
program as it has been proposed, no analysis of the predicted effects of these wells is included.
According to Subfile no. LRS-280030018 of the Hydrographic Survey of the Lower Rio Grande
(see attached), wells LRG-1776-S and LRG-1776-S-4 could not be located. This is not
surprising, as inspection of photographs of these well sites available on file taken July 20, 1981
reveal that these wells have long since been abandoned and have apparently been plugged/capped
and buried. Though not equipped, wells LRG-1776, LRG-1776-S-2 and LRG-1776-S-3
apparently do exist and are shown on the attached section maps taken from the Hydrographic
Survey of the Lower Rio Grande. Should these wells be equipped and made useable, two of
them, LRG-1776 and LRG-1776-S-2, are situated close enough to domestic wells in the area that
an impairment analysis should be considered.
The initial ten wells proposed to supplement the surface waters of the Rio Grande Project
through exercise of the EBID’s groundwater claim are described below and shown on the
attached section maps taken from the Hydrographic Survey of the Lower Rio Grande.
Construction specifications are included only for those wells of which neighboring wells of other
ownership were found to be close enough (~ 800-1000 feet) to warrant consideration of possible
drawdown impairment. An asterisk next to the OSE file number also marks these wells.
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OSE #
LRG-7123
LRG-6745
LRG-5267
LRG-5157-S
LRG-4275*
LRG-1297
LRG-1297-S
LRG-832*
LRG-688
LRG-78*

Owner
Ramon G. Alvarez
James E. Jones
Mary M. Prescott
Thomas J. Chavez
Armando Angel
Gary L. Esslinger
Gary L. Esslinger
Leroy Pritchett
Robert O. Cosimati
Gary V. Arnold

Location
SENWSE, S. 21, T. 26S, R. 3E
SWNWSW, S. 36, T. 24 S, R. 2E
NWNWNE, S. 9, T. 25S, R. 2E
NESWSW, S. 31, T. 21S, R. 1E
SWNESE, S. 26, T. 23S, R. 1E
SESWNW, S. 14, T. 25S, R. 2E
SESENE, S. 15, T. 25S, R. 2E
NENWNE, S. 2, T. 25S, R. 2E
SWSENW, S. 29, T. 26S, R. 3E
NWSENW, S. 4, T. 23S, R. 1E

Depth Casing Capacity9
No neighboring wells close enough
No neighboring wells close enough
105 ft 16 in
3000 gpm
No neighboring wells close enough
320 ft 16 in
3000 gpm
No neighboring wells close enough
No neighboring wells close enough
320 ft 26 in
6000 + gpm
No neighboring wells close enough
149 ft 16 in
3000 gpm

Upon comparison with the attached Hydrographic Survey section maps, wells LRG-4275, LRG832 and LRG-78 as marked and described above were found to be the only wells with which
neighboring wells of other ownership are situated close enough to warrant consideration of
possible drawdown impairment. All analysis conservatively assumed no contribution from the
Rio Grande and seven months (210 days) of constant pumping at the peak capacity from each
well to simulate potential maximum effects during the irrigation season. Other hydrologic
variables (i.e. transmissivity, storativity) were taken from model information specific to the area
as documented in Frenzel and Kaehler (1992). All results with associated maps and specific
hydrologic assumptions are attached.
Well LRG-4275, owned by Armando Angel, is about 320 feet deep and is situated about 200 feet
north of an undeclared domestic well owned by Darrel S. Wiley. Depth to water is about 18 feet
in this area. Mr. Wiley’s domestic well is labeled as 120268 B as shown on Map LRN 12D of
the Hydrographic Survey and is the closest neighboring well to LRG-4275. A telephone
conversation with Mr. Wiley on April 16, 2003 revealed that his well is approximately 180 feet
deep and is equipped with a marginal centrifugal pump with 1.5-inch plumbing set at an
unknown depth. Mr. Wiley indicated that he has considered for some while replacing the
equipment on his well with a submersible pump set at a greater depth, but will most likely
eventually replace the entire well altogether by drilling to at least 400 feet. Theis analysis does
not predict that the minor demands from this domestic well will be impaired as a result of
pumping well LRG-4275 at peak capacity (~ 3000 gallons per minute) for seven months,
however if it is found to be desirable or necessary to regain capacity, plenty of remaining water
column should be available. If an argument for impairment were to be made, it would most
likely concern increased pumping lift and the associated potential for increased energy costs.
Well LRG-832, owned by Leroy Pritchett, is 320 feet deep as described by well log received
October 7, 2002 and is situated about 500 feet southeast of an undeclared domestic well reported
by the Hydrographic Survey to be owned by Antonio Gonzalez. This domestic well is labeled as
50112 C-2 as shown on Map LRS 5D of the Survey, however current Dona Ana County
ownership records indicate that the land this domestic well is located on is owned by Sharon
Duttle. Depth to water is only about 8 feet in this area. Well LRG-832 is quite large (26-inch
casing) and thus is capable of producing a tremendous amount of water from this location (~
9

Estimates based on casing size as described by Driscoll (1986), Table 13.1, Page 415.
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6000 gallons per minute peak capacity), due in part to near (~ 0.5 mile) proximity to the Rio
Grande in the area. When combined with very conservative assumptions, Theis analysis suggests
that well LRG-832 could potentially lower the water column otherwise available to the domestic
well described above by as much as 40 feet. When combined with more realistic assumptions
(i.e. contribution of river), drawdown is predicted to be no more than about 25 feet. Although
several unsuccessful attempts to reach either Mr. Gonzalez or Mrs. Duttle to gather more specific
information about the domestic well in question (i.e. depth) were made, a review of all other
domestic wells throughout the area (section) as recorded and on file with this office revealed that
all the domestic wells on file in the area were completed to an average depth of just over 200
feet. It is highly probable that the domestic well owned by either Mr. Gonzalez or Mrs. Duttle is
of a comparable depth, though as a minimum can be safely assumed to be deeper than 40 feet.
Therefore, impairment is unlikely, though if it is found to be necessary to regain the minor
capacity needs of this domestic well, plenty of remaining water column should be available.
Well LRG-78, owned by EBID Board President Gary Arnold, is approximately 149 feet deep and
is situated about 400 feet south of domestic well LRG-5013 owned by Jose G. Gallegos. Depth
to water is about 14 feet in this area. Records on file indicate that well LRG-5013 was drilled
August, 6, 1984 to a depth of 84 feet. Theis analysis does not predict that the minor demands
from this domestic well will be impaired as a result of pumping well LRG-78 at peak capacity (~
3000 gallons per minute) for seven months, however if it is found to be desirable or necessary to
regain capacity, plenty of remaining water column should be available.

References cited:
Barroll, P. 1999. Draft documentation for the OSE superposition version of the Lower
Rio Grande Model OSELRG. State Engineer Office Memorandum. December,
1999.
Driscoll, F.G., 1986, Groundwater and wells, second edition, Johnson Filtration
Systems, St. Paul, Minnesota, 1089 p.
Frenzel, P.F. and Kaehler, C.A., 1992, Geohydrology and simulation of ground-water
flow in the Mesilla Basin, Dona Ana County, New Mexico, and El Paso County,
Texas: U.S. Geological Survey Professional Paper 1407-C, 105 p.
Turney, T.C., 1999, Mesilla Valley Administrative Area guidelines for review of water
right applications: Office of the New Mexico State Engineer, January 5, 1999, 18 p.
Wilson, B.C., 1998, Lower Rio Grande River Basin in Dona Ana and Sierra Counties,
New Mexico, quantification of irrigation water requirements: New Mexico State
Engineer Draft Technical Report, April 8, 1998, 13 p.

16
TX_MSJ_006051

Copy Order #11 from 4X215
CB-F-137-34

TX_MSJ_006052

JOHN- BLIss ESTIMATE~OF PROJECT
R~EQUIRE~ENT~ AT ELEPHANT BUTTE

-~Use ab~ove E1 Paso’ " 19171~ to 1936
El_ephant Butte minus Courchesne.

22.8,000.

Mexican Treaty’-

60,000

Losses below Courche~ne .~

40,000

4."

~n~voldabie Pr0iectoW~ste
below River Heading

e

Undivertable Win%or Flow
atCourchesne -1924-1935~

25,000

Hudspeth Dis~trict (14,000 ac. at 5 a.f,)

70,000-

e

Net Project Diversions below
E1 Paso - 1915-1936
~"
Salt Balance and. Se~rvic~ Equivalents .~
(640,O00~Tons/~r, at2~67 T/a.f.. in Drain)

258,000

Ag, 000
750,000
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UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY
309 Federal Building
Albuquerque, New Mexico
October 23, 191;?
Mr. John L. Gregg, Manager
Elephant Butte Irrigation District
Las Cruces, New Mexico
Dear Mr. Greg:
Herewith is, a copy-of the preliminary memorandum on groundwater supplies for Elephant Butte Irrigation District by Mr. Conover.
This has been reviewed in Washington and officially approved for
release to you and to the State Engineer.
Very tun-7, : ' '
Chas. V. Theis
District Geologist
cc/Chief Hydraulic Engineer, Washington, D. c.
A/zn
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Preliminary memorandum on ground—water supplies for
Elephant Butte Irrigation District ,..Ne_w Mexico
By'Clyde S. Conover '
U. S. Geological SurVey
September 19h?
Reasons for investigation
A study of the ground-water supply of the Elephant Butte Irrigation District
in the New Mexico portion of the Rincon and Mesilla Valleys ofthe Rio Grande.
was begun in l9h6 by the U. S. Geological Survey in cooperation with the
Elephant Butte Irrigation District, in response to a request from that District.
The study was brought about-by continued drought and indications that the. Rio I
Grands Project of the Bureau of Reclamation, of which the Elephant Butte Irrigation District forms the New Mexico portion, would be seriously short of surfacewater supplies. The amount of storage available to the Project had dropped to
about h65,000 acre-feet by the second week of August 1947. Storage in Elephant
Butte Reservoir on August 12, 19147, was 317,000 acre feet, the lowest on record
for the 32 years of operation of the dam. The capacity of Elephant Butte
Reservoir is 2,219,000 acre-feet and that of Caballo ReServoir 345,870 acrefeet. With another month of irrigation in l9h7, the prospect of having the
allowable supply of irrigation water in l9h8 is poor if the drought conditions
continue. The annual supply of water allowable to the Project under the terms
of the Rio Grande Compact is 790,000 acre—feet, including 60,000 acre-feet that
must be delivered to Mexico. I '
The U. S. Geological Survey was asked to make a study of the possibilities
of pumping ground water for irrigation, mainly from the standpoint of productiveness of wells and the effect of pumping upon the surface-water supply in the
rivers and drains. Because of the imminence of some action regarding pumping,
this preliminary memorandum is issued at this time.
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All data concerning irrigated acreage, annual diversions, canal wastage,
canal seepage losses, water delivered to farms, and flow of the drains were
mrnished by the U. S. Bureau of Reclamation.
. General features of Rio Grande Project
_ The Rio Grands Project of the Bureau of Reclamation includes the valley
' lands of the Rio Grande in both New hexlco and Texas from Caballo Dam southward
below El Paso, a distance of about 130 miles. From Caballo Dam to Selden
Canyon, 3 distance of about 30 miles, the Rio Grande flows in the Rincon Valley,
which has a maximum width of. about 2 miles. Below Selden Canyon the valley
floor widens into the Mesilla Valley, which extends about 55 miles south to
"The Pass", 1; miles above El Paso. The Mesilla Valley is one of the larger
subvaJlsys and has a width of about 6 miles near Las Cruces, [4.5 miles north of
El Paso. The El Paso Valley extends about 90 miles southward from El Paso and
ranges in width from I; to 6 miles, but only the upper 40 miles is included in
the Rio Grande Project.
The water for the Rio Grands Project is stored in Elephant Butte Reservoir
and in Caballo Reservoir, about 22.5 miles below Elephant Butte Dam. Water '
released from Cab’allo Reservoir is diverted from the Rio Grands to the canals in
the Rincon Valley by the Percha Dam, about 1.5 miles below Caballo Dam; in the
Mesilla Valley by the Leasbury Dam at the head of the valley and by the MesiJla
Dam about 5%- miles southwest of. Las Cruces; and in the El Paso Valley by the
American Dam about 2 miles above the International Dam. Water for the Mexican
side of the El Paso Valley, generally referred to as the .Juarez_ Valley, is
diverted at the International Dam. h_ya- c C? I 4 4pm 3
An extensive system of drains has been constructed, covering practically
the whole area of the project. Drain water from 42 miles of drains in the
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Rincon Valley is discharged into the river above the Leasbury Dam, and drain
water from 218 miles of drains in the MesillaIValley, except for two drains, '
is discharged into the river below Mesilla Dam to be diverted for re—use in
the El Paso Valley portion of the project andheadco.
The total land irrigated in the _Rio Grande Project. in 19% was 154, 775
acres, of which 16,272 acres was inthe Rincon Valley, 83,271 acres in the
Mesilla Valley, and 55,232 acres in the El Paso Talley. 0f the irrigated
lands in the Mesilla Valley, 10,831. acres is in Texas. The division of irriga—
ted lands in 1945 by states is 88,709 acres in New Mexico and 66,066 acres in Texas .
Land that is subject to construction charges of the project is referred
to as 500 land and carries a hill water right. The remainder of the area of
land within the limits of irrigation from 'the canals is referred to as suspended land, which is classified into nine categories dependent upon the conditions of the individual tracts. The total 800 land in the Rincon and Mesilla
Valleys is 90,623 acres and the total suspended land 11,532 acres. The area
of 500 land in the New Mexico portion of the project is 88,000 acres.
For the purpose of collection of charges, the lands in New Mexico are under
the Elephant Butte Irrigation District and those in Texas under the EL Paso
County Water Improvethent District.
.Present use of surface water in the Rio Grande Project In order to discuss the effects caused by purhping in the Rincon and
Mesilla Valleys of the Rio Grande Valley, it will be necessary to consider
first the quantities involved in the present irrigation with surface water exclusively. In general these quantities can be estimated only approximately, as
many are not measured accurately in the operation of the project.
3.

TX_MSJ_006062

The average annual diversion to the Rio Grande Project in the period 19301945 was 982,300 acre-feet. The average annual diversion for the Rincon and
Mesilla Valleys was 584,800 acre-feet and the average annual drain flow returned
from the Rincon and Mesilla Valleys and diverted again in the Project was
247, 600 acre-feet, or 42 percent of the diversions. in these valleys.
The total diversion for the Project minus the drain-_ow-return from the
Rincon and MesiIL'La Valleys indicates an annual average release from the reservoirs of 734, 700 acre-feet, not including allowable diversions of 60,000 acre—
feet per year to Mexico and losses due to evaporation from the river bed. The
average annual river depletion by the Rincon and Mesilla Valleys was therefore
about 337, 200 acre feet or 14.6 percent of the reservoir releases, although the
diversions were 80 percent of the reservoir releases. '
Theaverage annual diversion of water .from the river to the canals in the
Mesilla and Rincon Valleys from 1930 to 1945 was about 6.5 acre-feet per acre. '
01‘ this total diversion a part is wasted directly back to-the river or to the
drains. This wastage is estimated at the canal wasteways and is not included _
inthe figures for drainage return used herein, the practice being to not measure the drain flow when it contains waste water as evidenced by a change in
color of the drainage water. . The minimum figure reported for canal waste in
these years was 11 percent of the diversions and the masdmmn was 35 percent,
lower percentages in general being reported in the later years. The reported
average wastage is about 20 percent of the diversions, which. is assumed to be
about correct. The lowest percentage of canal seepage losses reported was 26
percent. As'canal seepage losses-are taken to be the remainder of the diversion after estimation of canal wastes and deliveries to the farms, it is probable that the actual seepage losses are lower than any reported. Therefore,
in a normal year it is estimated that the canal seepage losses would average
J
n,‘.
d
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about 20 percent. The remainder, 60 percent of the diversions, is presumably
delivered to the lands and amounts to 3.9 acre-feet per acre. In contrast,
the reported average delivery of water to the land in the period 1930-1945 was
only 2.74 acre-feet per acre, about 1+2 percent of the water diverted from the
river, but it is believed that the reported deliveries are somewhat less than
actual as they are mainly estimated quantities on which payment for water is '
based and are generally estimated conservatively. The masdmnn reported percentages. of the diversions delivered to the farms in any one year was 58 percent.
In general, larger percentages have been reported as delivered to the fame in
the later years.’
The unit consumptive use for crops is subject to a large variation both
in actual use and computed use. The unit consumptive use for cotton for the
17-year period from 1919 to 1935 in the Rincon and MesiIL'La Valleys was taken
as 2. 5 acre-feet per acre in the report of the Rio Grande Joint Investigation,
with an estimated minimum of about 2.00 feet and a maximum of about 3.00 feet.
The unit consumptive use of alfalfafor the same period was taken as 4.5 acre-I
feet per acre with an estimated range from 1. feet to 5 feet. The consumptive
use for other crops ranged from a minimum of 1.5 feet for grains to a maxim '
of 3.0 feet for forage, with an average of about 2.00 feet. J The acreage of
-7.' Regional Planning, Part VI, The Rio Grande Joint Investigation in the Upper
Rio Grande Basin in Colorado, New Mexico, and Texas: National Resources
Committee, Volume I, pp. 382-383, 1938.
cotton in 1945 in the Rincon and Mesilla Valleys was 66,621., that of alfalfa
21, 864, and that of other crops 11,060 acres. ‘Using the above unit figures,
the total consumptive use in 1945 was about 288,000 acre-feet, giving an average
unit consumptive use for the total irrigated acreage in the Rincon and Mesilla
Valleys of 2.9 acre—feet per acre. Precipitation probably furnishes about 0.4
acre-feet per acre, leaving about 2.5 acre-feet per acre to be supplied by
irrigation.
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Assuming that in the period 1930-1945 the average consumptive use of the
irrigated lands supplied by irrigation was the same as in léhS, 2.50 acre-feet
per acre, the excess water delivered to the lands was 1.h feet or 21 percent
of the total diversions. The return seepage from the irrigated lands plus that
from the canals is about #1 percent of the diversions,and is to be compared
with the measured drain-flow of 42 percent of the diversions. ' .
During years of plentiful water supply the average amount of water believed
to be delivered to the lands was 3.9 feet. The amount of water applied_to the
lands in past years is doubtless more than actually necessary, even though
irrigation of crops requires an excess of water applied. It is assumed that an
exness of about one-third of the consumptive use, giving a total of 3.3 feet of
irrigation water, would be sufficient to grow a normal crop in the Rincon and
Mesilla Valleys if the water supply was short.
In a dry year with a shortage of water it is expected that wastage could
be cut to 5 percent. Also in a dry year the canal seepage losses would probably be relatively higher than in an average year, probably about 25 percent
-of the diversions. The delivery of water to the lands would therefore be I
about 70 percent of the surface-water diversions. In a year having 3.25 feet,
or 50 percent of an average supply, of surface water available, 70 percent or
2.28 feet of water could be delivered to the farms or about 70 percent of the
3.3 feet believed necessary to-raise a normal crop. Erhus in a year of 50-percent average surface supply, with judicious use of water about 70 percent of
the land could probably be irrigated without pumping; or, as about two-thirds
of the total acreage is planted to cotton, sufficient water would be available
to water all the cotton, the main staple crop of the District, if every care
in the distribution of the water was exerted by the farmers and ditch riders.

TX_MSJ_006065

In order to irrigate all the land in a year having about 50 percent of
an average surface supply of. water, it would be necessary to pump some ground
water.
Ground-water conditions
General character of ground-water flow.-— The direction of_ flow of ground
water in the Mesilla Valley, as indicated by maps prepared in l919 by the U. S.
Bureau of Reclamation from water levels measured in auger holes in-the summer
of 19.19, indicates that the general movement is southward down the valley with
a gradient of 1.. to 8 feet per mile. At the time the map was made only the
lower portions of a number of the drains had been constructed. In some parts
of the valley the ground water was indicated as moving toward the river and in
others away from the river. In places where the constructed drains were near
the river a large ground-water flow was indicated from the river to the drain.
The direction of flow of ground water under the mesa‘ lands bordering the
MesiL'La Valley has been determined from a preliminary map of the water table
prepared from elevations obtained by aneroid, aided by topographic maps. Under
the mesa to the east of the river the direction of ground-water flow is generally
southwest, from the Organ Mountains to the valley. Under the mesa to the west,
of the valley movement of the ground water near the upper portion of the valley
is in general southeast to the valley. However, farther south the direction of
flow of the ground water under the west mesa gradually changes to south, with
some indication of a small flow from the valley into Mexico.
In the Caballos Mountains, which parallel the Rincon Valley on the east,
the strata dip to the east. Thus the amount of ground—water accretion to the
Rincon Valley from the east is probably. small. On the west the Rincon Valley
is flanked by mesas underlain by marls and sands of the Santa Fe formation,
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that are dissected by numerous large arroyos which empty into the valley. The
elevations of the water levels in wells located in the arroyos west of the
valley are above the level of the Rio Grande and thus indicate some underground
flow from the west to the valley, particularly in the arroyos.
Under present conditions in the Rinoon and Hesilla Valleys the surface
and ground waters maintain an approximate state of balance. Surface water released from Caballo Dam is diverted to the canals and irrigated lands mainly
from April through August of each year. The part that is not lost by transportation and evaporation seeps underground from the canals and irrigated
lands to return to the river as drain/flow which is re-used in lower divisions
of the Project. A large part of the drain water is return seepage from the
surface-water supply, mainly from the canals and irrigated lands but in part
directly from the river. A small portion'of the drainfflow is ground water
from the higher mesa lands that border the valleys. Because of the drains,
the amount of ground water in storage each year at the beginning of the irrigation season is approadmately constant, small variations from year to year occurring
as a result of the varying amounts and time of application of irrigation water to
the lands in the preceding year and to the condition of the drains. The low
flow of the drains occurs approedmately a month later than the minimum diversions,
and the maximum flow of the drains usually occurs in the same month as the
maxim diversions.
Performance of existing wells.—-The discharge of a well, other things
being equal, is dependent upon the size and condition of the pump and the speed
of the pump, which in turn is dependent upon the amount of power available.
A pump discharging only a few gallons per minute does not in itself indicate
whether the well is a poor well or a good well. In order to make a comparison
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between wells the specific capacity of a well is usually given, expressed in
gallons per minute per foot of drawdown. For a particular well this value is
generally regarded as nearly constant for reasonable values of drawdown. For
cased wells the specific capacity depends to some extent upon the perforations
in the casing; which if plugged or insufficient in total area will indicate a
low specific capacity even though the aquifer is highly permeable.'
' A few irrigation wells have been drilled in the Rincon and Mesilla
Valleys. In the Rincon Valley 10 irrigation wells have been drilled in the
valley floor, seven of which have been equipped with pumps. Reliable informs:
tion is lacking on the discharge of some of the wells, particularly those not
at present equipped with pumps. _The discharges of those either measured or
reported range from a minimum of 250 to a maximnn of 1,000 g..p.m. The speci—
fic capacities of six of the wells range from a minimum of A7 to a maximum of
7A, indicating good irrigation wells.
In addition to the irrigation wells in the valley floor in the Rincon
Valley, about 13 wells have been drilled on the alluvial fans of the arroyos
to the west of the valley, ll of which have been equipped with pumps. The
diScharges of the 11 wells, either reported or measured, ranged from a minimum
of 125 to a maximum of 800 g.p.m.)and the specific capacities for nine of the I
wells ranged from a minimum of ll to a max_nwm of 100.
Very few irrigation wells are in operation at present in the Mesilla
valley, A number of irrigation wells were in operation in the early 1900's
but were abandoned afterfwater supply was assured by Elephant Butte Dam. .A
_few irrigation wells are being drilled or have been drilled in the last few
months as a result of the contemplated shortage of surface water in l9h8.
None of these have pumps installed at present.
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The New Mexico College of Agriculture and Mechanical Arts has two irrigation wells equipped with pumps located on the valley floor and one well
intended for use for irrigation, but not at present equipped with a pump,
located at the school on the east side of the. valley above the valley floor.
One of the irrigation wells of the College, located about half a mile west of
the College, was drilled to 50 feet in 1935 and produced 1,625 g.p.m. with a '
drawdown of 18 feet, after being developed for 2 weeks. it present the well,
equipped with an electric motor, and a pump, discharges 1,270 g.p.m. with a
drawdown of 13 feet-as measured in November 191:,6, thus indicating a specific
capacity of about 100 g.p.m. per foot of drawdown.
The other irrigation well of the College, located on the horticulture
farm, was drilled to 71 feet in 1935 and at. that time produced about 1,100
g. p.m. This well at present is sanded up and is equipped with an electric
pump and motor that discharges about 250 g. p.m.
Available information indicates'that good irrigation wells can be
developed on the alluvial ‘floor of the valley, with probable exceptions in
the Selden Canyon area of the Rincon Valley and in the southern end of the
Hesilla Valley. The upper 60 or 80 feet of the alluvium in the Rincon
Valley seems to be quite permeable but clay apparently predominates at greater
depth. There seem to be no definite extensive clay layers in the Mesilla
Valley. In both valleys considerable trouble is caused by loose sand that .
runs into the wells and at times causes caving of the ground surface around
the well casing. It is possible that gravel packing would eliminate this
trouble. .
In the southern part of the Rincon Valley, south of the vicinity of Tonuco,
the river has eroded through the mountain masses of the Sierra de las Uvas to
form the Selden Canyon. The valley floor which in the Rincon Valley, is from
' l" to more than 2 miles wide, narrows in the canyon area to less than half a mile, 1 n
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and in one place to not much more than 200 feet.. There is some seeped (water—
logged) land in the canyon area that might be reclaimed by a lowering of the‘
water table. However, as the aquifer is narrow and undoubtedly thin any
irrigation wells located there would probably soon draw down excessively, particularly'in the part of the valley south of secs. 1 and 2, T. lé 5., R. 2‘W.
Reports of well drillers seem to indicate that in the lower part of the'
Mesilla Valley, south of the vicinity of La Union, about 18 miles north of El
Paso, the alluvial sediments are too fine-grained to yield quantities of
water to wells sufficient fbr irrigation.
Successful irrigation wells, many of which would be of small capacity,
can probably be developed in places in the alluvial—fan deposits of the arroyos
and on the lower terraces above the valley floor.
Hydrologic characteristics of the aquifer
In order to evaluate properly the amount of flow of underground water and
the long-term effects of pumping, two hydrologic characteristics of the aquifer,
the coefficient of transmissibility and the Storage coefficient, the latter '
approximatehy equal to the specific yield under water-table conditions,must be
known. I
The ease with which water flows through an aquifer depends upon the interconnection and size of-the pore spaces.. The coefficient of transmissibility,
which expresses the rate of flow, is defined as the quantity of water in gallons
a day that will percolate through a vertical strip of the aquifer 1 foot wide,
oriented perpendicular to the direction of flow of the water, under a unit
hydraulic gradient. .
The specific yield of an aquifer is a measure of the ability of the aquifer
to release water to wells under the action of gravity. The specific yield is
defined as the ratio, expressed as a percentage, between (1) the volume of water
1.1
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that an aquifer saturated with water would yield by gravity and (2) its own
volume. I I
The coefficient of transmissibility of the aquifer in the Rincon and
Mesilla Valleys was determined from pumping tests on wells, and from the
correlation of slopes of the water table to various .drains with the flow of
the drains. The value of the coefficient of transmissibility as determined
from pumping tests on four wells in the valley floor ranged from a minimum of
91,000 to a maximnn of 167,000. The value of the coefficient of transmissibility computed from well-profile cross-sections obtained from the U. S. Bureau of Reclamation across various lengths of six drains ranged from a minimum of
47,000 to a‘mascirmnn of 135,000. Computations from data obtained from two lines
of auger wells established across the Park Drain gave values for the coefficient
of transmissibility ranging from a minimnn of 53,000 to a maximum of 116,000.
It seems probable that the average coefficient of transmissibility for
the aouifer as a whole can be taken as about 75,000, The values of the coeffi—
cient of transmissibility for other localities in New Mexico in which irrigation pumping has been successful have ranged from about 50,000 to more than '
100,000.
The specific yield of an. aquifer is difficult to determine accurately,
either in the field or. the laboratory. Determinations of the specific yield
in other localities of unconsolidated alluvial fill indicate_that the average
for the Rincon and Mesilla Valleys is probably about 25 percent. '
mects of pumping wells.-Pumping ground water results in a lowering of
the water table, at first in the vicinity of the well but as time goes on at
greater and‘greater distances from the well. The area affected by pumping
continually expands until an area of rejected recharge or an area of groundwater discharge is reached. In many localities, areas of rejected recharge
and ground—water discharge either do not exist or are at such great distances 1 r)
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that the water pumped must be taken from storage for years to come with a continual lowering of the water table. All water pumped from wells is balanced . '
by a loss ofwater from somewhere else in the ground-water system, either from
the amount stored underground, from the amount seeping out of the aquifer, or,
less commonly in arid countries, from the amount ofsurface water that the
system is unable to absorb (rejects) because the aquifer is overfull under nonpumping conditions. Places of ground-water discharge in the Rincon and I~Iesilla
Valleys are the drainage ditches, where lewering of- the water table would result
in a decrease‘in the pickup of the drains, and the relatively small areas of
waterlogged land'where a lowering of the water table would decrease the evaporation and transpiration now taldng place. Areas of rejected recharge are sections of the riverwhere the water level in. the river is above and in direct
contact with the ground water. A lowering of the water table in such areas
induces a larger amount of water to seep away from the river.
The increased seepage from the river to the aquifer and the decreased
drainf_ow resulting from the effects of pumping would not make more water
available to "the Project as a whole but instead would divert to the pumps water
that would otherwise be available as surface supply lower down the valley.
However, any water saved by pumping that is now lost by evapo—transpiration in
the waterlogged areas would result in an actual increase in water supply for
beneficial use inthe project. . Unfortunately, because the waterlogged area. of
the Rincon and Mesilla Valleys is very small, only 5,135 acres being classified
as seeped, and a portion of this is farmed, the amount of water saved would be
small.
‘ The effect of a pumping well upon the flow of a drain or of a river that
is in direct connection with the water table can be evaluated theoretically
with the aid of a formula developed by Theis. By using the average coefficients
13
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of transmissibility of 75,000 and specific yield -of- 25 percent determined
for the Rincon and Mesilla Valleys, it is indicated that if .a well in. one of
these valleys were located a quarter of a mile from a drain the flow of the
drain would be. reduced after 3 months of pumping by 63 percent of the pumping
rate, after 6 months by 73 percent of the pumping rate,.'and after 1 year by
81 percent of the pumping rate. After 6 months or pumping the flow or a.
drain would be reduced by 88 percent of the pumping rate for a well located
an eighth of a milefrom the drain, by 73 percent for a well located a. quarter
of a mile from the drain, 50-percent by a well located half a mile from a
drain, and 18 percent by a well located 1 mile from a drain. Fifty percent
of the water pumped would be diverted from a drain in about 12 days by a .well
located an eighth of a mile from the drain but it would take about 2 years
for a well located 1 mile from a drain to have the same effect. I
The effect of the pumping upon'the flow of the drain would initially be
a. reduction of the pickup or ground water by the drain in the area affected by
the pumping. With continued pumping the gradient of the water table would be '
reversed and-the drain would lose water in the section affected and finally; if
the pumping rate were great enough, the drain would be dried in that section. The average drain-flow accretion under the present conditions ‘of an aVerage
surface supply of water is from 0.6 to 0.8 second—foot per mile in the late
winter months, increasing to alittle over 2 second-feet per mile of drain in
the late summer. The pumping effect per mile of drain must be at least equal
to the pickup of the drain per mile in order to'dry the drain. Wells pumping
continuously at the rate of 3 second-feet each and places every mile along a
drain and a quarter or a. mile from it would theoretically dry a drain in the
summer under the present conditions of drainfflow at the end of about 1.. months
of pumping.
3.4
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The theoretical effect of the pumping of a well upon the flow of a drain
is possibly somewhat greater than would actually occur at any particular thme
because of clay layers that extend under the drains, which might introduce a
lag in the effects of pumping. If a well were located between-drains or between a drain and the river, the total effect of pumping upon the drains at any
particular time would be greater than upon one drain. Because of the numerous
drains in the Rincon and particularly the Mesilla Valley this condition would
occur and this accelerated effect of the pumping would probably offset the
possible lag caused by the stratification of the aeuifer.
moreover, in a year of about SObpercent average surface supply of water,
the flow of'the drains would be reduced and the amount of pumping required to
dry the drains would not be as large as noted.
Amount oprumped water necessary in a drought period.-—The economy of a
supplemental pumping project in the Elephant "Butte District depends upon the
quantity of water that must be pumped. This in turn depends upon how the gravity water in the Rio Grande Project is distributed to the various valleys,
what economies could be effected in the distribution of the gravity supply) and
what salvage of water would occur by reason of the lowered water table in a dry
year. The basis of distribution might be in proportion to the average_diversions, or in proportion.to the average river depictions. It might be assumed
that pumping would also be done in the El Paso District, and thus would save
some of the water which would otherwise drain from the land, thus saving more
water for the Project; or the reverse might be aesumed, in which case the
Elephant Butte District may be regarded as having an obligation not to interfere
with the deliveries of water to the lower district. Some water would be saved
from evaporation-by drying up the drains and some saved from evaporation by
lowering the water table in waterlogged areas. All these factors cannot be
'35
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evaluated in this preliminary memorandum.
For the purpose of this memorandum, it will be assumed that direct canal
waste would be largely eliminated throughout the Project and that the Elephant
Butte District has no obligation to the lower District to continue this direct
loss. It will be assumed also that an obligation does exist to continue to
deliver the average proportionate drairy-flow, which will be taken to be LO
percent of the diversions.
As stated on page 6, in a year in which the surface supply of water was
only half the average, it is believed that 2.28 feet of water could be delivered
to the farms, or about 1 foot of water less than that needed for successful
irrigation cf the crops. If the additional foot of water were supplied by
pumping ground water into the canals, some loss of the pumped water would occur,
due to waste and to seepage from the canals. Owing to closer control of the
pumps and to the shorter distance that the pumped water would travel in the
canals as compared with surface water, a wastage of 3 percent and a seepage
loss of 17 percent of the pumped water may be assumed. The combined loss would
amount to about 20 percent, compared with a probable minimum of 30 percent for
gravity water. Every additional acre-foot of pumped Water- delivered to the
farms would therefore necessitate pumping about 1.25. acre-feet.
However, pumping of wells would diminish the draiyflow. The decrease in
drainfflow resulting from the effect of pumping would presumably necessitate
a corresponding decrease in the allowable diversions for the Elephant Butte
Irrigation District.
The narrowness of the valleys and the large number of drains precludes
locating pumps very far from either the drains or the river. If a large number
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of pumps were installed, as would be necessary for a District pumping system,'
the average distance would be about a quarter of a mile and it is expected that
the drains would be dried during the first summer of pumping if only a small gravity water supply was available. The amount of the drainfflow in an average
year is about AZ percent of the diversions. In a dry year, with less excess
water applied to the lands, the drainrflow is expected to be less, probably
. about to percent of the diversions. If in the assumed dry year only gravity
water were available, 3.25 acre-feet per acre would be diverted in the Rincon
and Mesilla Valleys, of which 40 percent would be returned to the system as
drainrflow, leaving a total diversion used within these valleys of 1.95 feet.
If a pumping system were installed and the drains were dried up, presumably
1.95 feet would be the Justifiable diversion to these valleys. It has been
assumed that, in a dry year, 3.3 acre-feet of water per acre is needed for a
full crop, that 30 percent of the Surface water diverted would be lost largely
by seepage from the canals, and that about 20 percent of.the pumped water
would be lost by seepage and waste from the canals. Therefore,
3.3 e 1.95 x 0.7 + pumped water x 0.0
'and pumped water = 2.h2 acre-feet per acre.
Thus in order to make up the deficiency of 1 acre-foot per acre which
would result from gravity irrigation alone in the assumed dry year it would be
necessary to pump about 2.4 acre—feet per,acre. 'This is the minimum.amount.
with judicious use of water. If canal wastage were higher and the water were
inefficiently used on the land this amount would not be sufficient.
As about 88,000 acres of land has water rights in the New Mexico portion
of the project, the total pumpage of water would be about 213,000 acre—feet
and the total surface water diverted about 172,000 acre-feet.
'17
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The amount of water pumped from storage in the ground would be the difference between the amount of water actually used by the crops, assumed to be
2.5 acre-feet per acre, and the amount diverted from the river, 1.95 acre-feet
per acre, plus canal evaporation and waste. The latter has been taken as 3
percent of the pumped water or .07 foot and 5 percent of the gravity water or
0.10 foot, making the water pumped from storage 0. 72 acre-feet per acre per year.
Looked at in another way, the amount of water pumped from storage would
equal the difference between the total water pumped.and that part of the
pumped and surface water that would return to the water-table. This amount
from storage, all quantities being given in acre-feet.per acre, would be (1)
the total amount pumped, 2.42; less (2) the pumped water lost by seepage from
the canals, 17 percent (see p. 16) of that pumped or 0.41; less (3) the
gravity water lost by seepage from the canals, 25 percent (see p. 6) of that
diverted, 0.49; less (4) the difference between the water applied to the land,
3 3, and the consumptive use 2.5, or 0.8. The amount of water pumped from
storage in 1 year would therefore be 0.72 acre-feet per acre irrigated, or
63,360 acreefeet for the 88,000 acres in the Elephant Butte Irrigation District.
The amount of water returned underground by seepage from the canals and from
the irrigated lands would be 1.70 acre—feet per acre or 39 percent of the total
diversions and pumpage of about h.h acrerfeet per acre.
The period of drought during which supplemental pumped water might be.
needed is, of course, a matter of conjecture. The longer the period the less
would be the cost per acre-foot of water pumped. As the flow of the Rio Grande
at San Marcial at the head of the Rio Grande Project averaged only 697 secondfeet in the 5-year period 1898-1902,inclusive, against a 50-year average of 1,560
second-feet, it appears that an assumption is justified of a 5-year drought
period in which only half the normal supply of water is available.
...\
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If pumping was donefor 5 such dry years the total pumpage from storage
would-be about 316,800 acre-feet. This amount of ground water would have to '
be replaced before the flow of the drains would return to normal.‘
'It would appear to be equitable that because the drains would-have been
driedby the pumping, the diversions to the District in. a year ‘of average surface-water supply following a period of 5 years of pumping would be reduced
by the amount that the drains would normally flow, or 11.2 percent of the diversions. The actual diversion would then be 6.5 - (.L2 3: 6.5) = 3.77 feet.
This amount would make 2.61; feet available for delivery to‘the farms, thus
necessitating additional pumping of ground water to make up the difference to
3.3 feet believed necessary for delivery to the farms. The amount of ground
water necessary to be pumped would be: I
3.30 = 3.77 x .7 + pumped water J: .8
pumped water = .83 acre-feet per acre
The amount of water that would seep to the water table in this year would equal
the seepage losses of pumped and surface water from the canals plus the seepage
return of excess. water above the consumptive use delivered to the farms, and.
would be:
(.83 x .17) + (3.77 x .25) .+(3.30 - 2.50) = 1.88 acre—feet per acre
The-payment or reduction of the—ground-water debt would be the return seepage
in excess of the pumpage, or 1.05 feet. The number of years required while'pwnp'ing 0.83 acre-feet per acre to pay off the debt would be 2:31:78;- 2 = 3.1, years,
The available surface-water diversions without pumping in the fourth year of
average surface supply following the-assumed five years of pumping would be less.
than the. average by the amount of water that would have to be by-passed to Texas
to make up for the reduction in average draixyflow resulting from the remaining
The amount of by—passed water, 3;, plus the actual drain-_
effects of the pumping.
haw. v. must be eoual to the average drain return flow of 2.73 feet (.12 x 6.5)
19
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in a year of average diversions. The actual drain return flow would be equal
to 1.2 percent of the actual diversions reduced by the remaining ground-water
th_OA5mw(5x_2-3xL%L. I
Therefore:
2: + y = 2.73
and (6.50 a _x) .I+2 - 0.1+5 = y.
therefore: 3: = 0.78
and the actual diversion would be:
6.50-- 0.78 = 5.72 feet.
The water schedule for the 5 years of about. 50 percent average surface
supply followed by A years of average surface-water supply is given in the
following table:
Comparison, in acre-feet per acre, of irrigation water available as
- diversions to the canals of the Elephant Butte Irrigation District,
for 5 years of 50. percent average surface supply followed by a
period of average surface supply; when a supplemental pumping system
is used and when a surface supply only is used. _
With supplemental Without supplepumping mental mapping
Pumped . Surface . . Surface
water water water
lst year ' 2-42 1.95- . 3.25
2nd " 2.1.2 1. 95 3. 25
3rd " - ' 2.1.2 1. 95 3.25
4th " 2.1.2 1. 95 3 . 25
5th " . 2.1+2 1.95 3.25
6th "_ 0.83 _ 3.77 6.50
7th " ' 0.83 3 . 77 6. 50
8th " 0. 83 3 . 77 ' 6.50
9th " O. 00 5 . 72 6. 50
10th " 0.00 6 . 50 6. 50
Littlenet water can be gained to the Rio Grande Project as a whole by
pumping ground water in the Elephant Butte District and the total amount of
water received by the Elephant Butte District under a pumping system is practically no more than would have been obtained from surface supplies, if the
' :3 rs
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customary interest of the El Paso District is preserved. The reason for this
is, of course, that the drain water is used again in the Project and the
District would be physically responsible for any decrease of the flow of the
drains resulti.ng from pumping. . i
The ground-water debt can be repaid by efficient use of water in h years 67(é
of average water supply. If waste of water is not avoide_trwould not be ' Z ( 12
possible to repay the ground-water debt and pumping would probably have to be [0&041929
continued for years. '_
As indicated previously.(po 4): Rincon and Mesilla Valleys customarily uSe
about 46 percent of the total reservoir releases in a year of average surface
supply. In the assumed drought period of 5 years the surface water available
for diversions was considered as 50 percent-of the average. The average diversion to the El Paso division has been 397,480 acre-feet, and therefore in such
a dry year 199,000 acre-feet should be available for diversions to the El Paso
Valley. The reservoir releases in a year should be equal to the sum of all
diversions minus the return drainfflow; As the return drainfflow from the
Rincon and Mesilla valleys would be zero if extensive pumping was done the
reservoir releases would be 88,000 x.l.95 + 199,000 ='37l,000 acre-feet. Thedepletion of reservoir releases by the Elephant Butte Irrigation District for
any of the first 5 years of.pumping is then 46 percent, which is the same
reservoir depletion as in an average year; In the sixth, seventh, and eighth
years, the drains still being dry, the percentage depletion of reservoir releases would be about 45 percent. This shows that the Rincon and Mesilla
'Valleys would be getting their customary share of the reservoir releases.
In the analysis it was assumed that the drains would be dry during all of
the first year, whereas the drains would not be dry until the end of the first
921'
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pumping.season and might flow a small amount during.the first winter. Therefore, during the first summer it is probable that a smaller amount of water
need be pumped. Also, it has been assumed that the water taken from storage
was from lowering of the water table under only the irrigated area of the valley. ActualLy, the effects of pumping would be somewhat smaller in the valley
area, as the cone of depression would extend away from the valley, under the '
mesas. As the irrigation water is applied to lands near the drains, it is
possible that the drains would begin to flow in the eighth year even though all
of the ground—water debt had not been repaid. The District would benefit by
this lag, which would spread the repayment of the ground-water debt over a
longer period of time than was assumed.
The minimum number of pumps required to deliver the 213,000 acre-feet of
water believed necessary is estimated to be about 1&8, ;? the assumption that
each pump would discharge 1,800 gallons per minute continuously for 6 months.
Allowances should be made for periods of high demand, breakdown of pumping
equipment, and a lower average discharge per well, perhaps about 1,500 gallons.
per minute. ‘The probable number of pumps may therefore be estimated as about 220.
I The cost of installation per well, pump, and motor is estimated to be about
$6,000. Fuel and lubrication costs for a Diesel motor of appropriate size per
pump per year of 6 months er. punming is estimated to be about $1,080. Fixed
charges are estimated as $l,h52 per pump per year on the basis of 6 percentawr_fc’ own/hum‘j fgfa/ Jef'PC/a :00; I» (years, and 79er ml— Q/(afvn/ell
interest on430 percent initial cost. Labor and transportation charges are
estimated at $356 per pump per year. The total charges per pump per year are
therefore about $2,900 and the total for 220 pumps would be $638,000 or $3,190,000
for the 5-year period. However, as some of the pumps would be used for an addi—
tional three years, the taxes on all of the pumps, plus the charges for fuel,
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lubrication, labor, and transportation for the number of pumps required during
the additional three years, should be included in the total charges. .The
number of pumps necessary to deliver the required 73:000 acre—feet per year
for the sixth, seventh, and eighth years would be about 75 on the basis of 220
pumps being necessary to pump 213,000 acre—feet per year. The fuel and lubrication costs and labor and transportation charges for the 75 pumps for three
years would amount to $323,100. Taxes on 220 pumps for three years would be
$23,760 making a total of $346,860 for the three years and $3,536,900 for the
eight years of operation. The estimated unit cost for the first five years onthe basis of the 'total puxnpage necessary per year would be about $3.00 per
acre-foot which includes allowances for breakdowns, peak demands, etc. i
As the pumping of irrigation water resulted in saving all the crops on at
least 30 percent of the acreage, the pumping costs should be justified bythat '
acreage. The average gross return per acre in 1945 for the Rio Grande Project
was about $110. The gross savings then in five. years would be 2518, 500,000.
The total cost of pumping and pumping equipment is thus less than one-fifth of
the savings in gross crop returns and probably less than the normal net profit.
The average cost. per acre for 88,000 acres would be about $7 per year.
The favorable factor of cost is offset somewhat by the unfavorable factors
of little gain-of not water and the problem of installation and operation.
Installation. of 220 wells, pumps, and motors would consume untold time as
drillers are scarce and casing, pumps, and motors would be hard to obtain.
The shortage of surface water might well be over by' the time installation
could be completed. I
operation would present problems, one of which would be the distribution
of the pumped water to the New Mexico lands only. About 10,000 acres of land
in the Hesilla Valley is in Texas and is served by the same canal system.
IN?
(A)
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Pumping of ground water in the valley by individual. farmers would of course
have the same effect upon the flow of the drains as would pumping by the
Elephant Butte Irrigation District. Any water pumped on the land that does not '
return to the ground-waterbody would be water lost to the Project, even
though a gain. of water might acorue to an individual farm. It is probable
that in a. dry year enough farmers would install wells and pmhps so that the
flow .of the drains would be reduced markedly or even in some sections be
stopped entirely. lf such a reduction of normal drainy_ow occurred as a
result of individual pumps, then diversions to the Elephant Butte Irrigation
District would have to be reduced by a like amount, if the El PasouDivision
received its accustomed share of' the reservoir water. Any such reduction in
diversions would work a hardship on the farmers who had not installed pumps,
providing the available surface water was distributed equally. If it were.
desired to maintain the delivery of the same amount of water to the farms not
having a pump as they would have received had there been no pumping, then it
would be necessary to reduce the delivery of water to the farms having pumps. '
. intermittent operation and the probable smaller capacity of a pump on an
individual farm would result in a somewhat higher unit cost of pumping than
that given for continuous operation of large capacity pumps of a District
pumping system.
Effects of irrigation of new land.-'In addition to pumping mter for the
88,000 aores of land in the New Mexico portion having water rights there are
suspended. lands and lands at elevations above that of the canal system within
the boundaries of the Elephant Butte Irrigation District, and additional
undevelopedlands outside the boundaries, for which a water supply from wells
might be. developed.
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The number of tracts of suspended land of all classifications in 191.6 of
20 acres or more per tract was 135, with a total area of 5 ,022 acres in the
Mesilla and Rincon Valleys. Only a part of this could be irrigated, probably
not more than 3,000 acres. ' .
The area of undeveloped land not served by canals and inside the boundaries
of the District that might be developed and watered by pumping is about 900 I
acres in the Rincon Valley and 2,000 acres in the Mesil-la Valley. 'Undeveloped
lands outside the boundaries oi’ the District that might be developed and
watered by pumping total about 4,7oo'acres in the Rincon Valley and 5,600 in
the Mesilla. Talley. These areas are maadmm figures and would be reduced by
land needed for roads. and other improvements, land not suitable for farming,
and areas in which successful wells could not be obtained.
It seems probable that about 15,000 acres of suspended and new land'might
eventually be irrigated from ground water, provided that the conditions remain
favorable for such development. If such a development occurred the minimum
amount of water consumed annually on these lands. would be about 38,000 acre- I
feet, on the basis of 2.5 acre-feet per acre. As a large portion of these I
lands is on the higher ground along the edges of the valley, only a part of
this water would be diverted from the drains or the river at the outset.
However, as all the ground water in the ‘valleys and mesas is connected and
contributes to the drains, any. pumping muist eventually mean a decrease in the
drain/flow, in the long run equal to the amount that had been pumped, less
any small amount saved by reduction of evapo-transpiration losses.
i.‘ \‘a‘
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1.
2.
3'. ._
h.
5.
Conclusions
Successful irrigation wel-ls can be obtained over the major part of the
valley floors of the Rincon and Mesilla Valleys, with the probable
exceptions of the Selden Canyon area and the southern'end of the Mesilla
Valley. Running sand will cause trouble in many of the wells and special
well construction may be necessary to eliminate it. ' ‘
Irrigation wells, generally of small capacity,. can be obtained on the
arroyos and on the low bench lands. Many wells in these areas willnot
obtain sufficient quantities for irrigation; .
Pumping of ground water would divert water from the drains and the river.
The drains would be dried the first summer if enough pumps were installed
to furnish an adequate water supply for all lands in a dry year.
On a long-term basis all water removed from storage must be replaced-before
the drain system returns to normal.
If water diverted from the drains were made up to the lower district by
- additional releases from the dams, a corresponding reduction in the diver-L
7.
sions to' the Elephant Butte Irrigation District would be necessary.
As there is- no unused grounds-water recharge, and very little unused groundwater discharge, only a small amount of water can be salvaged to the Rio
Grande Project as a whole over a period of years by pumping in the Elephant
Butte District
Assuming that the -El Paso Division continues to get diversions in. the same
proportion to reservoir releases as in the past, pumping of ground water
will not result in any additional water for the District on a year-to-year
basis unless the amount of pumping exceeds the amount of the diverted drain
flow, thus pumping from storage.
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8.
9.
10.
12.
13 _.
a 11+.
With a gravity water supply of 50 percent of average, about 70 percent of
the land could probably be irrigated with careful use and control of
gravity water alone.
To furnish an additional 88, 000 acre-feet. of water per year to the farms
in order to have a bare minimum for all the irrigated land would require
pumping of 213,000 acre-feet per year, assuming again that the El Paso
Division receives its accustomed share of the reservoir water.
On the basis oi‘ the gross crop return of $3140 'per acre per year (191.5
prices) 'on about 30 percent of the acreage, ‘the gross saving for-a 5-.
year period is estimated at $18, 500,000. .
The total number of pumps required is estimated as about 220 and the total
east about $3,190,000 on the basis of a 5-year period and $3,536,900 for
the eight years, including all charges, or less than one-fifth of the
gross dollar benefits from crops grown.
Total cost per acre-foot of water pumped would be about $3.00, equal to
about $7.00 per irrigated acre per year for the District.
Pumpingof ground water on individual farms would ultimately reduce the .
water supply of the Rio Grande Project. If such 'a reduction were borne
by the Elephant Butte: Irrigation District, deliveries of surface water to
farms with pumps. might-be reduced in order to maintain the expected
deliveries to. farms without pumps.
About l5 ,000 acres. of presently undeveloped land and suspended land could
be irrigated by ground water. Water pumped. on these lands will, in a few
years, reduce the water available to the existing irrigated lands by
nearly a like amount.
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.......--Retrospect and Prospect
rado which problematically would benefit Colorado enough to offset the harm done to New Mexico
by reducing the water available for existing uses
4
in that state.
Although in this one instance equitable apportionment will in time determine the ultimate
fate of the waters of the Vermejo, New Mexico
has depended on compacts as the most effective
method for determining the rights of respective
states in the waters of interstate streams. Unfortunately, with the exception of the Canadian River
the waters were in every case overappropriated at
the time the agreements were entered into, and
they were negotiated in an atmosphere of suspicion and animosity. Interpretation of the terms of
the compacts has therefore become the basis for
extended litigation.
The most serious recent threat of water loss
to a neighbor, together with substantial weakening of the state's control over its water resources,
involves groundwater rather than a surface stream.
In a surprise move, on 5 September 1980, the
Public Service Board of El Paso, Texas, filed suit
against State Engineer S. E. Reynolds, the state's
attorney general, and the Dona Ana County district attorney in the federal district court for New
Mexico challenging the constitutionality of New
Mexico's statute forbidding the exportation of
groundwater as an unreasonable burden on interstate commerce. Subsequently, the Elephant Butte
Irrigation District, the city of Las Cruces, and
Stahmann Farms were permitted to be joined as
defendant-intervenors. Combining its present rate
of growth with the industries which it hoped to
attract, the city fathers estimated that El Paso
would face a critical water shortage by the year
1 995, and that the situation would worsen rapidly
thereafter. El Paso currently depends primarily on
wells drawing water from the portions of the Mesilla and Hueco bolsons located in Texas, but excepting a very small strip the Mesilla bolson lies
west of the Rio Grande in New Mexico and the
Hueco bolson thrusts north to cross the state line
into New Mexico east of the river. The most economical and convenient sources to which El Paso
could tum for its future municipal and industrial
needs were these two New Mexico basins, but the
export ban stood in the way.

Within two weeks after the suit was filed,
Reynolds brought both of these subterranean sources
under his control by declaring the Lower Rio Grande
Underground Water Basin to encompass the Mesilla bolson and the Hueco Underground Water
Basin for the Hueco bolson. The Lower Rio Grande
basin is a strip about thirty-five miles wide following the river from the Texas state line some fiftyfive miles north while the Hueco basin, averaging
twelve miles in width, runs north for approximately twenty miles from the state line in the
vicinity of Newman and Chaparral. The declarations placed El Paso in the position of having
to make applications for permits to drill in the
New Mexico basins. The general manager for the
El Paso water utilities immediately filed applications for 266 wells in the Lower Rio Grande basin
through which collectively the city could appropriate 246,000 acre-feet of water annually, and for
sixty wells in the Hueco basin for pumping 50,000
acre-feet per year. The number of New Mexicans
protesting these filings ran into the thousands.
The presiding judge, Howard C. Bratton, made
it clear that the sole point at issue was the validity
of New Mexico's statute prohibiting the exportation of groundwater, and that the initial suit
would remain premature until after Reynolds denied the applications, citing that law as the reason
for his action. This the state engineer in effect did
on 21 April 1981.
The suit was followed with much interest
throughout the West because it would necessarily
set a precedent in determining the extent to which
arid states could forestall raids from outside on
their groundwater supplies. Since the export ban
was a logical extension of the state's comprehensive groundwater code, designed to assure that the
state engineer would maintain continuing supervision as a conservation measure, it was generally
agreed that regardless of the holding of the lower
tribunal the case eventually would be decided in
the Supreme Court of the United States because
of its impact on western water law. Local residents,
however, were less concerned with points of constitutional law than with the effect the withdrawals would have on the Mesilla Valley. The El Paso
wells in the Lower Rio Grande basin were to be
located on the mesa near the southern end where
TX_MSJ_006491

