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Cheryl Thacker - April 18, 2019
Job No. 3269302

1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3
4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10
11 ******************************************************
12                   ORAL DEPOSITION OF
13                     CHERYL THACKER
14                     APRIL 18, 2019
15 ******************************************************
16

      ORAL DEPOSITION of CHERYL THACKER, produced as a
17 witness at the instance of the Plaintiff State of

Texas, and duly sworn, was taken in the above-styled
18 and numbered cause on April 18, 2019, from 11:04 a.m.

to 3:38 p.m., before Heather L. Garza, CSR, RPR, in
19 and for the State of Texas, recorded by machine

shorthand, at the HOTEL ENCANTO DE LAS CRUCES, 705 S.
20 Telshor, Las Cruces, New Mexico, pursuant to the

Federal Rules of Civil Procedure and the provisions
21 stated on the record or attached hereto; that the

deposition shall be read and signed.
22
23
24
25
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1               A P P E A R A N C E S
2
3 FOR THE PLAINTIFF STATE OF TEXAS:
4     Ms. Sarah A. Klahn

    SOMACH SIMMONS & DUNN
5     2701 Lawrence Street, Suite 113

    Denver, Colorado 80205
6     (720) 279-7868

    sklahn@somachlaw.com
7

    -and-
8

    Mr. Francis M. Goldsberry II
9     SOMACH SIMMONS & DUNN, PC

    500 Capitol Mall, Suite 1000
10     Sacramento, California 95814

    (916) 446-7979
11     mgoldsberry@somachlaw.com
12

FOR THE DEFENDANT STATE OF COLORADO:
13

    Mr. Chad Wallace (via telephone)
14     COLORADO DEPARTMENT OF LAW

    1300 Broadway, 7th Floor
15     Denver, Colorado 80203

    (720) 508-6281
16     chad.wallace@coag.gov
17

FOR THE DEFENDANT STATE OF NEW MEXICO:
18

    Ms. Lisa M. Thompson
19     TROUT RALEY

    1120 Lincoln Street, Suite 1600
20     Denver, Colorado 80203

    (303) 861-1963
21     lthompson@troutlaw.com
22     -and-
23     Mr. L. Christopher Lindeen

    ATTORNEY AT LAW
24     Post Office Box 2508

    Santa Fe, New Mexico 87504
25
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1 FOR THE UNITED STATES:
2     Ms. Judith E. Coleman

    U.S. Department of Justice
3     Post Office Box 7611

    Washington, DC 20044
4     (202) 514-3553

    judith.coleman@usdoj.gov
5

    -and-
6

    Mr. Christopher B. Rich
7     U.S. DEPARTMENT OF THE INTERIOR

    125 South State Street, Suite 6201
8     Salt Lake City, Utah 84138

    (801) 524-5677
9

10 FOR ELEPHANT BUTTE IRRIGATION DISTRICT:
11     Ms. Samantha R. Barncastle

    BARNCASTLE LAW FIRM, LLC
12     1100 South Main, Suite 20

    Las Cruces, New Mexico 88005
13     (575) 636-2377

    samantha@h2o-legal.com
14
15

ALSO PRESENT:
16

     Ms. Andrea Mendoza
17      Mr. Erek Fuchs
18
19
20
21
22
23
24
25
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1                    EXAMINATION INDEX

2 WITNESS:  CHERYL THACKER

3 EXAMINATION                                       PAGE

    BY MS. KLAHN                                     5

4     BY MS. COLEMAN                                  92

5 FURTHER EXAMINATION

    BY MS. KLAHN                                   101

6

7  SIGNATURE REQUESTED                               104

8

9  REPORTER'S CERTIFICATION                          105

10

11                      EXHIBIT INDEX

12                                                   PAGE

 EXHIBIT 116                                        74

13     New Mexico Office of the State Engineer

    Transaction Summary

14

 EXHIBIT 117                                        77

15     Application for Permit to Change an

    Existing Water Right

16

 EXHIBIT 118                                        92

17     Application for Permit to Change an

    Existing Water Right

18

19

20

21

22

23

24

25
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Cheryl Thacker - April 18, 2019
Job No. 3269302

1                     CHERYL THACKER,

2 having been first duly sworn, testified as follows:

3                  E X A M I N A T I O N

4 BY MS. KLAHN:

5     Q.   Good morning, Ms. Thacker.

6     A.   Good morning.

7     Q.   My name is Sarah Klahn.  I'm here today

8 representing the State of Texas.

9     A.   Hi.

10     Q.   You're here for your deposition.  Have you

11 ever had your deposition taken before?

12     A.   I have.

13     Q.   Okay.  So you know the rules.  Speak audibly.

14 If you don't hear a question, ask me to repeat it.  If

15 you don't understand a question, ask me to rephrase

16 it.  If you'd like to correct or rephrase an earlier

17 answer, just say so.  You'll be allowed to do that.

18 If you need to take a break, just let me know.  Of

19 course, you can't take a break if there's a question

20 pending.  You may consult with legal counsel, but only

21 after you've answered the questions pending on the

22 table.  If you don't know or you don't remember, just

23 say so, but if you do answer a question, I'm going to

24 assume that you believe you do know the answer.

25     A.   Okay.
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1     Q.   Do you understand?

2     A.   I do.

3     Q.   Okay.  What did you do to prepare for this

4 deposition?

5     A.   Just spoke with our team of attorneys.

6     Q.   Okay.  Did you review any documents?

7     A.   I did look at Ryan Serrano's initial

8 deposition.

9     Q.   Okay.  Did you look at any other deposition

10 transcripts?

11     A.   I did not.

12     Q.   Okay.  Now, you indicated you've been deposed

13 before.  Do you remember what cases you've been

14 deposed in?

15     A.   Yes.  One was for the City of Sunland Park,

16 an aggrieved permit.

17     Q.   Okay.

18     A.   One was for an application filed by the town

19 of Chamberino.

20     Q.   How do you spell that?

21     A.   C-H-A-M-B-E-R-I-N-O.  I think that's right.

22     Q.   Where's that?

23     A.   It is south of Mesilla.

24     Q.   Oh.

25     A.   It's kind of a little town off the beaten
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1 path.

2     Q.   Was that another aggrieved permit?

3     A.   It was a protested application.

4     Q.   Okay.  Anything else?

5     A.   There were a couple more, but I don't recall

6 the actual applications, what the deal was.  But, of

7 course, the Copper Flat.

8     Q.   Okay.  Yeah.  And in -- have you ever

9 testified in an administrative hearing?

10     A.   Yes.

11     Q.   Have you ever testified at trial?

12     A.   I have.

13     Q.   Okay.  So in an administrative hearing

14 context, that's what my question is limited to right

15 now.

16     A.   Okay.

17     Q.   Did you testify as an expert witness?

18     A.   I did.

19     Q.   Do you remember what areas you were qualified

20 in?

21     A.   Water right administration.

22     Q.   Okay.  And the hearings that you were

23 qualified as an expert in, were they the City of

24 Sunland or the town of Chamberino?

25     A.   Actually, it's the City of Sunland Park that
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1 was the hearing.

2     Q.   Oh, okay.  All right.

3     A.   And it's Chamberino.

4     Q.   Chamberino.  Okay.  Sorry.

5     A.   Not that it matters.

6     Q.   Okay.  So you were an expert in the City of

7 Sunland Park?

8     A.   The hearing, yes.

9     Q.   Any other hearings that you can recall?

10     A.   Just the trial for the Copper Flat.

11     Q.   Okay.

12     A.   So no other hearings.

13     Q.   Okay.  Trial for Copper Flats.  Have you ever

14 testified at a hearing or at trial when you were not

15 qualified as an expert witness?

16     A.   No.

17     Q.   Would you take a look at Exhibit 111, and

18 this is the State of New Mexico's initial disclosures,

19 which as I explained during Mr. Hangen's deposition,

20 is a document that parties in a lawsuit have to

21 disclose information to people and documents initially

22 early in the litigation, so people -- folks have a

23 chance to exchange information.  If you'd turn to Page

24 4 -- or 5, sorry, Page 5, you'll see that your name is

25 listed in the middle of the page, Cheryl Thacker, LRG
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Job No. 3269302

1 basin supervisor.  Is that you?

2     A.   That is.

3     Q.   Okay.  Water resource allocation program

4 water rights division.  Is that your program, as well?

5     A.   That's correct.

6     Q.   And then in the right-hand column, it lists

7 you as someone knowledgeable in water rights and

8 administration.  Would you agree with that?

9     A.   Yes.

10     Q.   Did you know that you'd been listed in this

11 document?

12     A.   No.

13     Q.   That's why you're here.  Have you had any

14 conversations with individuals from the State of New

15 Mexico who are not legal counsel involved in this

16 lawsuit about potentially being a witness in this

17 case?

18     A.   Not legal counsel, you say?

19     Q.   Uh-huh.

20     A.   I think just speaking with my supervisor,

21 Andrea Mendoza, and just more housekeeping, when --

22 when we're going and just kind of casual conversation.

23     Q.   When you're going where?

24     A.   Oh, for the depositions.

25     Q.   Oh, okay.
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Cheryl Thacker - April 18, 2019
Job No. 3269302

1     A.   Yes.

2     Q.   But, I mean, as far as in the future, if

3 there's a trial in this case, has there been any

4 discussion about you being a witness in a -- in a

5 trial in this case, Texas versus New Mexico?

6     A.   No.

7               MS. THOMPSON:  I'll object just to

8 privilege.  So you can answer to the extent you

9 haven't either had those discussions or been directed

10 by legal counsel.

11               MS. KLAHN:  My apologies.

12               MS. THOMPSON:  Just to be clear.

13               MS. KLAHN:  I intended it to be limited

14 to discussions not involving lawyers.

15               MS. THOMPSON:  Absolutely.

16     A.   No.  It's always been with attorneys.

17     Q.   (BY MS. KLAHN)  Okay.  What is your

18 educational background?

19     A.   I have a bachelor's degree in metallurgical

20 engineering from Montana Tech in Butte, Montana.

21     Q.   Any graduate work?

22     A.   No.

23     Q.   How long have you been with the Office of the

24 State Engineer?

25     A.   16-and-a-half years.
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1     Q.   When did you get your metallurgical

2 engineering degree?

3     A.   May of 1992.

4     Q.   So after your degree and before you came to

5 work for the Office of the State Engineer, what was

6 your professional employment history?

7     A.   I worked from '95 to -- pardon me, from '92

8 to '95, as a process engineer for a copper smelter in

9 Silver City, New Mexico, and then from '95 to '97, I

10 was a -- also a metallurgical engineer -- engineer

11 at -- it's Stillwater Mine.  It's a platinum smelter

12 in Columbus, Montana.

13     Q.   Okay.

14     A.   And then from '98 to 2000, I was a

15 metallurgical engineer at the solvent extraction

16 electrowinning plant.

17     Q.   How do you spell that?

18     A.   E-L-E-T-R-O-W-I-N-N-I-N-G.

19     Q.   Winning?

20     A.   Yes.

21     Q.   Electrowinning?

22     A.   Yes.

23     Q.   Like, winning the lottery?

24     A.   If you're into copper, it is.

25     Q.   Okay.  And then after 2000?
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1 is the WRAB, water --

2     Q.   Database?

3     A.   Correct.  And what they do is they input it.

4 So we've got that placeholder that I mentioned this

5 waters, just tells us, okay, that's the application.

6 Then once we take our action, that information will be

7 completed, entered into the waters database, and

8 imaged so when you go on the waters database now, you

9 can see the application, see the permit as aware of

10 the conditions and all the evaluation that's been

11 taken.

12     Q.   So does the waters database entry happen in

13 your office, too?

14     A.   It's -- it is in our office.  It's -- it's

15 all one big building, but their office is kind of a

16 suite down the --

17     Q.   Okay.

18     A.   -- down the hall.

19     Q.   As a data entry staff?

20     A.   That's correct.  Yes.

21     Q.   Okay.  Does every district under the OSE have

22 its own data entry staff for waters?

23     A.   I don't know.  The only thing I do know is

24 there's a WRA B waters group in Albuquerque.  Who they

25 handle, I don't know.

Page 19

Veritext Legal Solutions
800-336-4000

TX_MSJ_001324



Cheryl Thacker - April 18, 2019
Job No. 3269302

1     Q.   Okay.

2     A.   Yeah.

3     Q.   Okay.  So you mentioned a step in the

4 buckslip where the water resource specialist, I think

5 you said will write -- write a review is the -- is the

6 term you used.  What do you mean by that?  They write

7 a review of what was asked -- what was requested by

8 the applicant?

9     A.   That's correct, actually.  It's formally

10 called a memorandum of recommendation, and so what

11 they'll do is summarize what the applicant is

12 requesting, all the elements of the water right, for

13 instance, the point of diversion, the locations, if

14 we're talking about an irrigation water right, the

15 place of use, and so that's delineated, and then

16 what's proposed, if it's a replacement well, for

17 instance, and then through -- through the discussion

18 in the -- the memorandum of recommendation, they

19 establish whether there's a water right or the extent

20 of the water rights.  They talk about the hydrographic

21 survey, and then eventually, they make a

22 recommendation saying, yes, the water right is valid,

23 I recommend that this point of diversion be -- or

24 application to change location of well, for instance,

25 be approved, and then there's the conditions of
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1 approval that are attached to that recommending the

2 point of diversion, the place of use that's approved,

3 and all other conditions attached to that, and that

4 attached to the application makes it a permit.

5     Q.   I see.  Okay.

6               MS. KLAHN:  Could we have Exhibit 69?

7               THE REPORTER:  Uh-huh.

8     Q.   (BY MS. KLAHN)  So this is Exhibit 69, which

9 was marked in Mr. Serrano's first day of his

10 deposition.  It's Mesilla Valley Administrative Area

11 Guidelines For Review of Water Right Applications.

12 Have you seen these guidelines before?

13     A.   Uh-huh.

14     Q.   I figured you had.  Just take a look at it

15 and make sure it's complete.  I believe it is, but

16 just take a look and make sure.

17     A.   It looks like it, and the weight of the

18 document seems to confirm that.

19     Q.   Okay.  So generally -- I have some questions

20 about these guidelines, but so generally, can you

21 describe -- let's stick with the hypothetical example

22 we were talking about in change of place of diversion

23 for a well.  How did these guidelines play into your

24 evaluation of an application?  Let's say Ms. Mendoza

25 has referred it to you because it's more complicated.
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1 How does this play into your evaluation?

2     A.   These set the guidelines for local

3 impairment, and -- as well as surface water depletion

4 impairment and the parameters that we can use whether

5 to approve or deny an application.

6     Q.   Okay.  So do you find yourself consulting

7 these frequently?

8     A.   I do.

9     Q.   Okay.  Well, I want to ask you some questions

10 about how you use them.  So let's turn first to Page

11 2.  There's a Paragraph A1.  In the first sentence of

12 Paragraph A1 starts, "The Rio Grande stream system is

13 fully allocated and existing rights may not be

14 impaired by proposed appropriations."  In your work

15 as -- in your work when you're evaluating a permit

16 application, what does that phrase "fully allocated"

17 mean to you?

18     A.   There's no available water for someone to

19 file a new appropriation for -- that hasn't occurred

20 historically.

21     Q.   Okay.  So no -- no -- no new water would

22 be -- no water would be available for a new

23 appropriation?

24     A.   Correct.

25     Q.   Okay.  So is that one of the things you look
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1 at is to be sure that a permit to change the location

2 of well isn't sort of a new appropriation masquerading

3 as a change?

4     A.   Absolutely.

5     Q.   Okay.

6     A.   Yes.

7     Q.   What -- what indications would you have that

8 a permit is, in fact, just a change in location -- or,

9 I'm sorry, an application is just a change in

10 location?

11     A.   Change location of well is what you're

12 referring to?

13     Q.   Yes.

14     A.   Okay.  Well, we would look at the place of

15 use proposed in the application and determine whether

16 that place of use has been recorded in a declaration,

17 for instance.  There's evidence that that place of use

18 has been irrigated in irrigation circumstance prior to

19 the closing of the basin.  So it's historically been

20 used, and it's not an area where there's never been a

21 water right attached to the land.

22     Q.   Okay.  It's not an area where there's never

23 been a water right attached to the land?

24     A.   Correct.

25     Q.   Okay.  So you are looking for a declaration
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1 that the parcel they want to move the well to has been

2 irrigated?

3     A.   Yes.  That's correct.

4     Q.   Okay.  Even if it was irrigated by something

5 other than the well that they want to move the -- move

6 to that parcel?

7     A.   Well, let me back up.  We -- often, a parcel

8 that's in question on the application has been

9 historically irrigated by an off-property well.

10     Q.   Okay.

11     A.   And so, for instance, if that well was

12 drilled in the '50s and has gone defunct or the owner

13 of the property that the well sits on refuses to allow

14 the new -- the other owner access to that well,

15 what'll happen is typically the owner who's filing the

16 application will -- will try -- will ask to change

17 location of well from the POD -- off-property POD to a

18 POD to be drilled on his property.  So they have to

19 establish or we have to have record that that piece

20 that is in question has been historically irrigated

21 from an off-property -- off-property well prior to the

22 closing of the basin.

23     Q.   Okay.  So in the -- in the circumstance you

24 just described, how do you ensure that the

25 off-property well owner doesn't continue to use the
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1 well for different parcel?  I mean, your -- in your

2 setup, you said the off-property -- off-property well

3 owner won't allow the applicant access.  Okay.  So the

4 applicant comes in and says, "I want to get -- I want

5 to move that well over to my property."  But what

6 about the off-property well owner, how do you make

7 sure he doesn't continue to use that well?

8     A.   Okay.  So let's say there's a 20-acre parcel

9 that was irrigated by this off-property well.  Five

10 acres has been purchased by the new applicant.  When

11 we file -- they file that application and we issue a

12 permit, let's say, for that full 5 acres, what happens

13 is we -- in the database, the waters database, that 5

14 acres is pulled out of the original water right file,

15 and we give a new water right file for that new 5

16 acres.

17     Q.   I see.

18     A.   It's not new but --

19     Q.   Yes.

20     A.   -- it's broken out.

21     Q.   New owner?

22     A.   Correct.  And so essentially, instead of the

23 original off-property water right being a full 20

24 acres, we'll give that 15 acres, and then the -- the 5

25 will be attributed to a separate water right file.  So
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1 it's kind of being counting, for lack of better words,

2 so just balancing.

3     Q.   And then, I guess, when that -- when that

4 permit, in -- in the example that we're describing,

5 when that permit gets issued then that would be put

6 into the new owner of the five acres adjudication sub

7 file?

8     A.   Possibly.  How the adjudication handles that,

9 I'm not sure at this point.

10     Q.   I mean, isn't it possible the new acre -- the

11 new owner of the five acres might not even have an

12 adjudication sub file?  Is that possible?  Because the

13 well he wants to drill doesn't exist at the time of

14 the hydrographic survey.

15     A.   Right.  Probably what occurs will be the full

16 20 acres that I referred to will have been identified

17 by the original hydrographic survey under one sub

18 file.  We, in administration, will take that five

19 acres out and leave the rest as 15.  Now, when the

20 adjudication group, when they divide that, I don't

21 know when they'll do that, but --

22     Q.   Okay.

23     A.   Yeah.

24     Q.   Okay.  So let's turn now to Page 6.  So on

25 Page 6, Paragraph 4 is option to lease off-site --
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1 offset rights for appropriations outside of HIA.  Have

2 you had occasion to use the policy that's in Paragraph

3 4?

4     A.   Would you mind if I read it?

5     Q.   Please.

6     A.   Okay.  I've never used that.

7     Q.   Okay.  Well, let's turn -- flip back a page

8 to Page 5 and just look at Paragraph 2.

9     A.   Okay.

10     Q.   So Paragraph 2 is, "Applications required for

11 offset."  Have you used that paragraph?  And please

12 review it.

13     A.   I've never used this language specifically

14 because it's confusing to me.

15     Q.   Have you dealt with offsets?

16     A.   What do you mean by "offsets"?

17     Q.   Well, let's turn back one more page to Page

18 4.  Offset of surface water impacts.

19     A.   Okay.

20     Q.   Then take a look at Paragraph 1 on Page 4.

21     A.   Yes, I have.

22               MS. KLAHN:  Judy do you want a --

23               MS. COLEMAN:  Oh, yes, thank you.

24     Q.   (BY MS. KLAHN)  Okay.  Tell me a little bit

25 about the -- an application you may have processed
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1 that involved an offset.

2     A.   The first really foray into that was it's LRG

3 3150.  There's a BDEFFA and a whole bunch of them, and

4 how much detail do you want in this, because there's a

5 whole --

6     Q.   Go for it.

7     A.   -- whole lot of -- oh, goodness.

8     Q.   I only get to talk to you once.

9     A.   Okay.  Well, an application to change

10 location of well or supplement a well, I don't recall

11 which, but -- but it was a new well, was filed and

12 approved after some hearing and a whole bunch of legal

13 gyrations, but essentially requiring offsets for that

14 amount of water that had not put -- been put to

15 beneficial use up to the declared amount.  So --

16     Q.   Okay.

17     A.   -- yeah.

18     Q.   Okay.  So there was a -- a declared amount,

19 we'll say a hundred -- make it up, hundred acre feet?

20     A.   Uh-huh.

21     Q.   And there was a determination that they

22 hadn't actually beneficially used the hundred acre

23 feet?

24     A.   Correct.

25     Q.   Okay.  And so what was the offset amount
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1 related to that then?

2     A.   Well, it would depend on historically what

3 they actually had put -- put to beneficial use.  For

4 instance, in your example, a hundred acre feet is what

5 they had declared, but historically, they'd only put

6 25 acre feet to beneficial use.  So what we did is

7 permitted it such that they could continue -- continue

8 to use that 25 acre feet, and they could continue

9 to -- I hate to use the word develop, but pump up to a

10 hundred, but that 75 -- that difference between the 25

11 and the hundred, they had to offset with either

12 effluent return flows or discharge credit is really

13 the way I'd like to characterize it or with actual

14 surface water replacement.

15     Q.   Okay.  What was the applicant's name?

16     A.   This was Charles Crowder, the original

17 Charles Crowder.

18     Q.   Okay.

19     A.   And that water right has been bounced around

20 a lot of different owners.

21     Q.   And you say there was a hearing about -- to

22 establish all of the boundaries around what this --

23     A.   You know, I -- I may have misspoke -- spoken.

24 I know there were -- there was legal gyrations, but I

25 don't know what hearing, what sort of thing.  It was
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1 filed -- I think the final -- what they call

2 supplemental findings that was attached to 3150S-18.

3 So all this stuff occurred, and then finally what we

4 call supplemental findings, and in those findings were

5 kind of a blueprint saying, okay, this is how -- not a

6 blueprint, but this is how we're going to require

7 offsets.  And so we've used that essentially for

8 similar applications since that time.

9     Q.   Okay.  So that's kind of become your template

10 if you have an application that needs offsets?

11     A.   That's correct.

12     Q.   Okay.

13     A.   That's right.

14     Q.   Okay.  And when you -- when you -- when

15 you're dealing with an application that requires

16 offsets, are you -- I think the term you used was

17 discharge credits?

18     A.   That's right.

19     Q.   Is that likely to be effluent?

20     A.   Yes.  That's correct.

21     Q.   Okay.  So where would a non-municipal water

22 right applicant get a discharge credit?  Do they make

23 a deal with a municipality or something?

24     A.   What do you mean by non --

25     Q.   Well, I mean, Charles Crowder is not a city.
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1     A.   Oh, I see.  Okay.  I gotcha.

2     Q.   So how do you -- I mean, how do they

3 establish that they have -- that -- how does the

4 applicant establish we have these offsets, we have

5 these discharge credits, we are -- you know, we can

6 make sure that they're going to go where they're

7 supposed to go, when they're supposed to go there?

8     A.   Okay.  Surface water replacement is just not

9 available right now.  There's no mechanism for us

10 to -- for them to provide that, but in the case of the

11 Crowder water right, what they use is the discharge

12 credit effluent from, I think it's the Santa Theresa

13 or the City of Sunland Park Wastewater Treatment

14 Plant.  So that's where -- and they give us accounting

15 the amount that's being returned to the river,

16 discharge credits to the river.  So that's how we work

17 it.

18     Q.   Is the place of use for the Crowder water

19 rights inside the city of Sunland Park?

20     A.   Yes.

21     Q.   Okay.  So it's actually water that's being

22 consumed or beneficially used inside the service area

23 and then generating effluent as a result of that

24 beneficial use?

25     A.   That's correct.
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1     Q.   Okay.

2     A.   The Crowder water right has many different

3 kind of entities that have all been purchased

4 virtually under the Camino Real regional utility

5 authority.

6     Q.   Okay.

7     A.   So it's, oh, gosh, 24,000, 29,000 acres, just

8 this huge area where --

9     Q.   Is that up northeast?

10     A.   Actually, it's down -- I don't know if you

11 know where Pete Domenici Highway is?

12     Q.   Yeah.

13     A.   That goes to the Mexico border, and all that

14 area, it's the Borderplex.  I don't know if you're

15 familiar with that.

16     Q.   Okay.

17     A.   And the Union Pacific, all that area.

18     Q.   Okay.  Have you had any other water right

19 applications that would require offsets in the city of

20 Sunland Park service area?

21     A.   Well, it's -- it would be the city of Sunland

22 Park, but that whole --

23     Q.   That --

24     A.   Right.  The whole Crowder place of use, as it

25 were.  I call it CRRUA now that Camino Real --
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1               THE REPORTER:  You call it what?

2               THE WITNESS:  CRRUA, which stands for

3 Camino Real Regional Utility Authority.  I always have

4 to think about that.

5     Q.   (BY MS. KLAHN)  It's the two R's.

6     A.   That's right.

7     Q.   So inside CRRUA have you had other -- what

8 I'm getting at is you say you get accounting to

9 reflect the offsets on the 3150 application?

10     A.   Yes.

11     Q.   If there are others who also develop or do a

12 change in water right that also requires an offset,

13 I'm just wondering how you're tracking the quantity of

14 effluent to make sure that nothing is getting double

15 counted for offset --

16     A.   Right.

17     Q.   -- purposes.

18     A.   So far the -- the CRRUA water right is the --

19 is the only entity that's using discharge credits from

20 the city of Sunland Park.

21     Q.   Okay.  Okay.

22     A.   But to answer your question further, I think

23 we require them to tell us how much of the effluent

24 that they claim and they're allowed to use.

25     Q.   Okay.  Do you sort of have a formula so you
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1 know how much -- whether that effluent is really

2 effluent they can claim?

3     A.   Yes.

4     Q.   Okay.  What kind of formula is that?

5     A.   It's not really a formula.  It's a -- it's a

6 spreadsheet we use.  And then I think the water master

7 enters something into the waters database, but that's

8 outside of my expertise.  However, I keep a -- a

9 spreadsheet, and I get those readings from the Camino

10 Real, the CRRUA group now, and so just to verify that

11 they're not double accounting and that they're

12 following what they need to follow.  I've been dealing

13 with this CRRUA for years and years, so it's kind of

14 my baby.

15     Q.   Where does the discharge of effluent come

16 into the Rio Grande or does it?

17     A.   It does.

18     Q.   At Sunland Park?

19     A.   Well, exactly where it is, I couldn't give

20 you a lat long, but generally --

21     Q.   South of Mesilla?

22     A.   Oh, yes.  Yes.  It's near Sunland Park.

23 Exactly where, I don't know.  But that effluent,

24 the -- the water is actually dumped into the river.

25     Q.   So we've talked about Paragraph 1, Page 4,
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1          IN THE SUPREME COURT OF THE UNITED STATES

2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY

3

4  STATE OF TEXAS            )

                           )

5          Plaintiff,        )

                           )     Original Action Case

6  VS.                       )     No. 220141

                           )     (Original 141)

7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )

8                            )

         Defendants.       )

9

10

THE STATE OF TEXAS :

11 COUNTY  OF  HARRIS :

12     I, HEATHER L. GARZA, a Certified Shorthand

13 Reporter in and for the State of Texas, do hereby

14 certify that the facts as stated by me in the caption

15 hereto are true; that the above and foregoing answers

16 of the witness, CHERYL THACKER, to the interrogatories

17 as indicated were made before me by the said witness

18 after being first duly sworn to testify the truth, and

19 same were reduced to typewriting under my direction;

20 that the above and foregoing deposition as set forth

21 in typewriting is a full, true, and correct transcript

22 of the proceedings had at the time of taking of said

23 deposition.

24          I further certify that I am not, in any

25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular

2 employ of this attorney; and I certify that I am not

3 interested in the cause, nor of kin or counsel to

4 either of the parties.

5

6          That the amount of time used by each party at

7 the deposition is as follows:

8          MS. KLAHN - 02:14:51

         MS. THOMPSON - 00:00:00

9          MS. COLEMAN - 00:17:08

         MR. WALLACE - 00:00:00

10

11          GIVEN UNDER MY HAND AND SEAL OF OFFICE, on

this, the 3rd day of May, 2019.

12

13

                  <%16770,Signature%>

14                   HEATHER L. GARZA, CSR, RPR, CRR

                  Certification No.:  8262

15                   Expiration Date:  12-31-19

                  VERITEXT LEGAL SOLUTIONS

16                   Firm Registration No. 571

                  300 Throckmorton Street, Suite 1600

17                   Fort Worth, TX 76102

                  1-800-336-4000

18

19

20

21

22

23

24

25
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1               THE VIDEOGRAPHER:  The time is 1:33 p.m.

2 We're on the record.

3                     CHERYL THACKER,

4 having been first duly sworn, testified as follows:

5                  E X A M I N A T I O N

6 BY MR. LEININGER:

7     Q.   Will you please state your full name for the

8 record?

9     A.   Yes.  It's Cheryl S. Thacker.

10     Q.   Good afternoon.  My name is Lee Leininger.

11 I'm an attorney with the U.S. Department of Justice.

12 I'm going to be starting this deposition today.  I

13 think I'll be followed by Ms. Klahn and then perhaps

14 Ms. O'Brien, and there may be one or two others.

15 Okay?

16     A.   Okay.

17     Q.   You've had your -- you've had your deposition

18 taken many times before; is that correct?

19     A.   Yes, sir.

20     Q.   And so you understand the ground rules.  I

21 will just briefly go over those.  Were you in

22 attendance this morning when Mr. Dubois was beginning

23 this deposition with Mr. Lopez?

24     A.   Yes.

25     Q.   All right.  So he ran over some ground rules.
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1 I'll just reiterate a few.  In at any time you don't

2 understand one of my questions in whole or in part,

3 let me know, please.  I'll explain it and rephrase the

4 question.  If you answer my question without asking

5 for an explanation, I'll take it you mean you

6 understand what I'm asking.  Okay?

7     A.   Okay.

8     Q.   And I'm -- yeah, you'll have to give an

9 audible yes or no to these questions.  If there are

10 times today in the middle of one of my questions, you

11 feel like you already know the answer, please let me

12 finish the question.  It's important to keep the

13 transcript clean and so please wait until I finish

14 asking the question before you answer.  Okay?

15     A.   Okay.

16     Q.   And same way -- same token, if I interrupt

17 you and you had not completed your answer to one of my

18 questions, please let me know so we can have a full

19 answer to your question.  Okay?

20     A.   Okay.

21     Q.   From time to time, and I'm sure you know this

22 but Mr. Wechsler who's representing you this afternoon

23 may object to one of my questions, but unless he

24 instructs you not to answer, you're expected to answer

25 the question.  Do you understand that?
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1     A.   Yes.

2     Q.   Without giving me any specific personal

3 information, is there any mental or physical reason

4 why you're not able to give an accurate and truthful

5 answer to my questions today?

6     A.   No.

7     Q.   Are there any medications that may impair

8 your ability to fully and accurately answer my

9 questions today?

10     A.   No.

11     Q.   And most importantly, we've been taking

12 breaks about every hour so it's about 1:30 right now.

13 If -- you may ask to take a break at any time, but

14 typically we'll go about an hour, so it'll be about

15 2:30, and we'll break then.  Okay?

16     A.   Okay.

17     Q.   Great.  So did you receive a copy of the

18 United States notice, 30(b)(6) notice for the State of

19 New Mexico?

20               MS. KLAHN:  Lee, you might want to take

21 appearances at some point.

22               MR. LEININGER:  I apologize.  We took

23 appearances this morning, but we have a new witness so

24 let's do that again.  So for the United States, we

25 have -- in addition to me, we have Mr. Dubois and Ms.
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1 Coleman at the U.S. Department of Justice.  With the

2 Department of Interior, we have Chris Rich and Shelly

3 Randel, and if I'm missing anyone else for the U.S.

4 Department -- for the United States, please speak up

5 now.  All right.  Let's continue with appearances for

6 Texas.

7               MS. KLAHN:  Sarah Klahn on behalf of the

8 State of Texas, and appearing with me looks like Mac

9 Goldsberry, Stuart Somach, Theresa Barfield, and I

10 think that's all from our office.

11               MR. LEININGER:  Colorado?

12               MR. WALLACE:  Good afternoon.  This is

13 Chad Wallace for the State of Colorado.  Preston

14 Hartman is also participating.

15               MR. LEININGER:  And let's go to amici.

16 El Paso County Water Improvement District No. 1?

17               MS. O'BRIEN:  Good afternoon.  Maria

18 O'Brien for El Paso County Water Improvement District

19 No. 1.  Also on is Renea Hicks and Dr. Al Blair.

20               MR. LEININGER:  I apologize, Jeff.  I

21 didn't get -- I should have gone to you first.

22               MR. WECHSLER:  No problem.  Jeff

23 Wechsler for the State of New Mexico.  We've got

24 Estevan Lopez, John D'Antonio, Shelly Dalrymple, Greg

25 Ridgley, Kari Olson, Susan Barela, and Luis Robles.
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1               MR. LEININGER:  EBID?

2               MS. BARNCASTLE:  Good afternoon.

3 Samantha Barncastle for EBID, and with me this

4 afternoon will be Gary Esslinger, manager of the

5 district, and Dr. Erek Fuchs.

6               MR. LEININGER:  NMSU?

7               MR. UTTON:  Good afternoon, Lee, this is

8 John Utton representing NMSU.

9               MR. LEININGER:  Hi, John.  Pecan

10 growers?  I guess Tessa dropped off for the time,

11 pecan growers?

12               MR. DUBOIS:  It looks like she's on but

13 muted.

14               MR. LEININGER:  Tessa, I do see you're

15 on, but you're muted.

16               Okay.  Let's -- let's keep going.  We

17 will return.  City of El Paso?

18               MR. CAROOM:  Doug Caroom for the City of

19 El Paso, and Daniel Ortiz is on, also.

20               MR. LEININGER:  City of Las Cruces?

21               MR. BROCKMANN:  This is Jim Brockmann on

22 behalf of both Las Cruces and the Albuquerque

23 Bernalillo County Water Utility Authority.

24               MR. LEININGER:  And anyone I've missed,

25 please speak up now.
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1               MR. WECHSLER:  Lee, I missed Arianne

2 Singer earlier so my apologies to her.

3               MR. LEININGER:  Okay.  Anyone else?

4                    (No response.)

5     Q.   (BY MR. LEININGER)  All right.  Let's -- Ms.

6 Thacker, let's start then with a question.  You were

7 identified in New Mexico's response to our 30(b)(6)

8 and New Mexico's witness designations of our notice of

9 30(b)(6) for specific topics, designated to answer

10 specific topics.  Are you aware of that?

11     A.   Yes.

12     Q.   Okay.  And it's United States Topic C is one

13 of them, and I'll just read what the United States

14 Topic C is.  "New Mexico's administration,

15 implementation, and enforcement of its obligations of

16 the Compact and under state laws, regulations,

17 policies, or actions in, 1, delivery of Rio Grande

18 Compact water to the State of New Mexico; 2, delivery

19 of Rio Grande Compact water to the State of Texas;

20 and, 3, water released from storage meet Compact

21 irrigation demands below Elephant Butte reservoir ."

22 You were identified as the 30(b)(6) deponent for the

23 State of New Mexico to answer questions related to

24 that topic.  Is that your understanding?

25     A.   Yes.
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1               MR. WECHSLER:  Well, and to be clear,

2 Lee, we separated that one topic out between Mr. Lopez

3 and Ms. Thacker.  So Ms. Thacker is handling the state

4 laws, regulations, and policies part of that subject.

5               MR. LEININGER:  Okay.  Very well.

6     Q.   (BY MR. LEININGER)  In the course of this

7 questioning, correct me if I'm asking questions to

8 which you were not -- let's start with -- I'm curious

9 in your role as water resources manager for New Mexico

10 Office of the State Engineer, what your actions and

11 responsibilities are with topics -- with this related

12 topic matter.  So let's start with how does -- how

13 does New Mexico ensure it's delivered the amount of

14 water it's entitled to?

15     A.   Oh, I would defer to Rolf Schmidt-Petersen

16 and to Estevan Lopez specific to that question.

17     Q.   All right.  So your involvement isn't with

18 regard to tracking or accounting or measuring of water

19 in the Rio Grande that New Mexico as part of its

20 Compact entitlement?

21     A.   As part of the Compact entitlement, I don't

22 have any part in that.

23     Q.   Okay.  So let's just test your knowledge here

24 a little bit.  Just a reminder that this 30(b)(6)

25 notice is for you to answer questions we have on
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1 behalf of the State of New Mexico, so as I understood

2 with the caveat by Mr. Wechsler, you were identified

3 to answer some of these questions with regard to the

4 Compact and New Mexico's administration enforcement

5 and implementation of its obligations under the

6 Compact.  So let's continue here, but if you're at a

7 point where you are going to define the limits of your

8 testimony, I would appreciate it if you'd just let us

9 know sooner rather than later as I go through these

10 questions.  Okay?

11               MR. WECHSLER:  Well, and I'm happy to be

12 -- to help with that, Lee, now, if you'd like.

13               MR. LEININGER:  Sure, Jeff.  I mean,

14 these questions with regard to administration and

15 enforcement of obligations under the Compact are going

16 to be limited to what the OSE actually does in terms

17 of its accounting policies for purposes of the Compact

18 and delivery of Rio Grande project water under the

19 Compact.  Okay?

20               MR. WECHSLER:  Yeah.  So -- so any

21 issues that go to the purposes, the function, the

22 accounting under the Compact, in our designation,

23 that's what we listed Mr. Lopez for, and what Ms.

24 Thacker is familiar with are the -- the state laws,

25 the regulations, the policies that have to do with
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1 state law -- state water administration.  Separate and

2 apart from the Compact, but obviously as you heard

3 from Mr. Lopez this morning, they're related.  So if

4 you have specific questions about what it is the state

5 engineer is doing down there with regard to their

6 laws, regulations, policies, water administration, Ms.

7 Thacker is the person for that.

8     Q.   (BY MR. LEININGER)  Okay.  Ms. Thacker, how

9 does the -- the state engineer account for the water

10 that it is entitled to -- the Rio Grande water it is

11 entitled to under the Compact?

12     A.   I don't know how a state engineer accounts

13 for the water under the Compact.

14     Q.   Are you aware of how the water from -- that

15 it's delivered from Colorado to New Mexico?

16          (Audio/technical difficulties.)

17               MR. LEININGER:  I apologize.  I cannot

18 hear you.  It appears the microphone is not working

19 again.  Did anyone else hear that?

20               MR. WECHSLER:  No.

21               THE VIDEOGRAPHER:  Yeah, I didn't hear

22 her.  Do you want to go off the record?

23               MR. LEININGER:  Sure.

24               THE VIDEOGRAPHER:  The time is 1:48 p.m.

25 We're off the record.
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1                     (Break.)

2               THE VIDEOGRAPHER:  The time is 1:49 p.m.

3 We're on the record.

4     Q.   (BY MR. LEININGER)  Okay.  Let's test this.

5 Ms. Thacker, can you hear me?

6     A.   Yeah.  If you could speak up just a bit.

7     Q.   Sure.  I'll try.  And we can hear you.

8 That's -- that's the important part.  So let's

9 continue with these questions.  The Compact is also

10 state law, is it not?

11     A.   You know, again, my knowledge of the Compact

12 is limited.

13     Q.   Do you know if in carrying out your duties as

14 a water resources manager for the New Mexico Office of

15 State Engineer, you must comply with the Compact?

16     A.   Well, I -- I'm not sure about that, but I

17 know I have to comply with the constitution of New

18 Mexico as well as statutes and regulations.

19     Q.   Okay.  And one of those statutes is the Rio

20 Grande Compact, correct?

21     A.   Again, I -- my knowledge of the Compact is so

22 limited, I can't speak to that.

23     Q.   If at any time during these questions, you're

24 going to defer to Mr. Lopez or Mr. Schmidt-Petersen,

25 let -- let me know, and specifically let me know which
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1 one you think is appropriate to answer these

2 questions.  Okay?

3          Do you know where -- and I think this is my

4 last question.  Do you know where measurement of New

5 Mexico's entitlement to Rio Grande water coming from

6 the State of Colorado takes place?

7     A.   I do not -- again, my knowledge is limited,

8 and I don't use that information for the work I do

9 here.

10     Q.   And who would be knowledgeable of the three

11 -- three other deponents that have been designated?

12     A.   You know, I'm -- I'm not sure.  I would say

13 probably Estevan and Rolf Schmidt-Petersen.

14               MR. WECHSLER:  It is Mr. Lopez that we

15 designated for those subjects.

16     Q.   (BY MR. LEININGER)  Well, it appears that she

17 was designated for Topic -- Topic C without the

18 specific caveat so let's keep going.  Where does New

19 Mexico measure the amount of water for delivery to

20 Texas under the Compact?

21     A.   I don't know.  I don't know the answer to

22 that.

23               MR. WECHSLER:  Yeah.  And, again, I'll

24 object to the whole line of questioning as outside the

25 scope.  In our designation on Topic C, we listed both
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1 Mr. Lopez and Ms. Thacker, and, again, Ms. Thacker is

2 really only here and designated to talk about state

3 law, regulations, and policies with the administration

4 of water in the LRG.

5               MR. LEININGER:  Okay.  Well, these

6 questions were designated as both Ms. Thacker and

7 Mr. Lopez, so we may need to bring Mr. Lopez back to

8 answer some of these with specificity.  But let's --

9 let's continue.

10     Q.   (BY MR. LEININGER)  This may be more in your

11 wheelhouse, Ms. Thacker.  Does New Mexico do any

12 measurement at the border with Texas of the amount of

13 water that actually makes its way -- surface water in

14 the Rio Grande that actually makes its way to Texas?

15     A.   Again, I don't have any knowledge of that.  I

16 don't know.

17     Q.   Okay.  This is not a Compact question.  This

18 is just a question of actual -- your awareness of

19 whether or not there's any measurement of how much

20 water actually gets to Texas?

21     A.   I suspect there is, but I couldn't give you

22 any specifics on it.

23     Q.   All right.  Who in the Office of the State

24 Engineer may be aware of whether or not the state

25 actually makes its measurements of physical delivery
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1 of the surface water at the border of Texas?

2     A.   Well, again, I would defer to Estevan Lopez

3 and Rolf Schmidt-Petersen.

4     Q.   You were listening to Mr. Lopez's deposition

5 this morning?

6     A.   I did.

7     Q.   Do you recall he made a statement about how

8 Texas is apportioned 43 percent of surface water after

9 whatever is left of exercise of groundwater pumping in

10 both states?  Do you recall his answer along those

11 lines?

12     A.   I don't recall his answer.  Again, I don't

13 use any of that information in my day-to-day work.

14     Q.   Do you have any knowledge of New Mexico

15 actually measuring a 43 percent of surface water

16 supply to Texas after the exercise of groundwater

17 pumping in both states?  Is there anything done by the

18 Office of State Engineer to actually put a value to

19 that?

20               MR. WECHSLER:  Foundation.

21     A.   I have no idea.

22     Q.   (BY MR. LEININGER)  Do you know -- and, again,

23 we're under Topic C, which is related to the Compact

24 to which you were designated.  Do you know if New

25 Mexico controls the release of water from project
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1 storage in accordance with irrigation demands?

2               MR. WECHSLER:  Object to foundation.

3     A.   Again, I don't have any knowledge of that.

4     Q.   (BY MR. LEININGER)  Okay.  Does the Office of

5 State Engineer monitor the release of water from

6 storage?

7     A.   I have no expertise in that -- that matter.

8 I can't answer it.

9     Q.   All right.  So you don't know that New Mexico

10 actually monitors release of storage water to ensure

11 that it's used to meet irrigation demands?

12     A.   Well, I'm sure we do, but I don't know any of

13 the specifics at all.

14     Q.   Are you familiar with the Compact?

15     A.   I know very little.  Enough to be dangerous.

16     Q.   Okay.  Fair enough.  So there's -- I think we

17 can get a copy of it if we need to, but there's an

18 Article 1, Section L called, "Usable water in the

19 Compact," and usable water in the Compact is defined

20 as, "All water exclusive of credit water, which is in

21 project storage, and which is available for release in

22 accordance with irrigation demands, including

23 deliveries to Mexico."  Are you familiar with that

24 statement?

25     A.   No.  I've not read the Compact.  I don't use
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1 its rights, it could place a call with the Office of

2 the State Engineer to enforce its priority, correct?

3     A.   That's a loaded question.  I'm not following,

4 to be honest with you.  Can you be more specific.

5     Q.   Sure.  I'll -- I'll break it down.  Could a

6 senior water right owner place a call to satisfy his

7 rights, and in placing that call, junior water users

8 may be curtailed?  Is that your understanding of how

9 the priority system works?

10     A.   Again, I think a priority call, someone can

11 place a priority call, but with no experience dealing

12 with a priority call, I can't speak with any

13 authority.

14     Q.   Okay.  So even under this hypothetical,

15 you're not prepared to answer how the OSE may actually

16 administer a priority call?

17     A.   I'm not prepared.  I don't know how we would

18 do that.

19     Q.   And who do you think would be able to answer

20 that question?

21     A.   We would get direction from John D'Antonio,

22 and it's above my pay grade.

23     Q.   Can you define what an over diversion by

24 irrigation water user is in New Mexico?

25     A.   Well, are you referring to surface water or
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1 groundwater or is there a specific thing you're

2 asking.

3     Q.   Well, this term was used by -- you know who

4 Mr. Serrano is?

5     A.   Yes.

6     Q.   And Mr. Dorman?

7     A.   Yes.

8     Q.   And in their depositions, they used the term

9 over diversions.  Did you, by chance, review their

10 deposition testimony or did you -- did you

11 participate?  Were you present during their

12 deposition?

13     A.   No, I wasn't.

14     Q.   Did you review the transcript?

15     A.   No.

16     Q.   Okay.  So I will -- I will just state for

17 these purposes that Mr. Serrano, in particular,

18 referenced over diversions of water rights by

19 irrigation users, and that is my question.  It could

20 be over diversion by surface water or could be over

21 diversion of groundwater, but let's take these one at

22 a time.  Does the OSE monitor over diversion of a

23 surface water by irrigation user in Elephant Butte

24 Irrigation District?

25     A.   We do not monitor the over diversion of
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1 specific farmers of surface water.

2     Q.   How would you define over diversion?

3     A.   What we do here in the District 4 office is

4 we monitor how much water is pumped from each well,

5 and specific to a specific water right, and an over

6 diversion would be that amount of water diverted that

7 goes beyond their water right.

8     Q.   Okay.  Looking at your answer here, you talk

9 about monitoring of how much water is pumped from each

10 well.  Do you monitor how much water -- how much

11 surface water is diverted by each water right holder?

12     A.   What we do is in our WATERS database, we

13 include the allotments set by the surface water

14 allotments set by EBID, and we just assume that every

15 water user takes that full allotment of surface water,

16 and then we make sure that the groundwater amount of

17 water is constrained within the Stream System 101

18 settlement agreement.

19     Q.   Okay.  So the OSE does no administration of

20 the amount of surface water that is beneficially used

21 by each of the EBID farmers; is that correct?

22     A.   We just make the assumption that every EBID

23 farmer takes their full allotment.

24     Q.   And the OSE does no monitoring of that or --

25 well, let's just start there.  The OSE does no

TX_MSJ_001366

SAK

SAK



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 34

1 monitoring of each farmer diversion of surface water?

2     A.   Not in this office, we don't.

3     Q.   With regard to groundwater, does the OSE

4 monitor how much each farmer is diverting to the

5 groundwater?

6     A.   Absolutely.

7     Q.   Okay.  How do you go about doing that?

8     A.   Well, we require metering all wells for

9 irrigation purposes, as well as commercial and

10 non-domestic purposes, and so for irrigation purposes

11 in particular, we require quarterly meter readings and

12 those meter readings are entered into our WATERS

13 database, and that allows us to account for the amount

14 of water each farmer is using.

15     Q.   Okay.  In your previous answer, you said with

16 regard to ensuring there's not an over diversion, you

17 make -- I'm looking at your answer here on Line 26:17.

18 "We make sure the groundwater amount of water is

19 constrained within the Stream System 101 settlement

20 agreement."  So how does -- how do the OSE then

21 administer to constrain groundwater pumping within the

22 Stream System Issue 101 settlement agreement?

23     A.   Well, I'll go ahead and give you a scenario.

24 In our WATERS database, we input for every farmer the

25 amount of the allotment EBID has designated for that
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1 year.  So, for instance, if the amount of water the

2 allotments from EBID surface water is 2 acre-feet per

3 acre per annum, we input that into our WATERS

4 database, and then we look at the Stream System 101

5 settlement agreement, and we see for most farmers,

6 they have a total FDR farm delivery requirement of 4.5

7 acre-feet per acre per annum.  So what we'll do is

8 straight away, we assume that the farmer will use all

9 the full 2 acre-feet per acre per annum, and what that

10 does, we subtract that from the 4.5 farm delivery

11 requirement, and that gives us a number stating that

12 they have 2.5 acre-feet per acre per annum that can be

13 diverted from their well or wells.

14     Q.   If they exceed -- under your scenario, if

15 they exceed the 2.5 acre-feet per annum, is that an

16 over diversion?

17     A.   It is.

18     Q.   And how do you enforce against an over

19 diversion?

20     A.   Our water master, who is Ryan Serrano and his

21 staff, will notify the farmer that is over diverting,

22 and they will often red tag, literally put a red tag

23 on the well, and there's also written correspondence

24 to those farmers and they investigate and work with

25 the farmer to rectify that over diversion.
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1     Q.   Is your well metering, is that realtime?

2     A.   It is not.  It's -- we require the farmers to

3 submit their meter readings January, April, July, and

4 October by the 10th of those months.

5     Q.   So let's say in July, you get a meter

6 reading, and it appears that under this scenario which

7 the farmer was entitled to 2.5 acre-feet per annum,

8 pumping, and it's been exceeded, what -- what actions

9 do you take when you get that information?

10     A.   Well, the water master again will contact

11 that farmer and investigate the situation, for

12 instance, talk to the farmer about, well, is -- is

13 your meter working correctly, were the meter readings

14 written down and submitted correctly.  Often, that's

15 what happens.  The farmer will inadvertently report

16 the meter readings incorrectly or there may be a

17 metering -- there's -- a meter can be tenths or

18 hundredths.  They may have a decimal place off.  So

19 they'll -- the water master is real diligent about

20 working with the farmers to make sure that those meter

21 readings were entered correctly and submitted

22 correctly.  And we'll also go out -- they will, not

23 me, but the water masters will go out and inspect the

24 wells and work with the farmer to make sure that that

25 well is working correctly.
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1 entitled to based on the FDR.  Okay?

2     A.   Okay.

3     Q.   And in that scenario where there is already

4 made the determination that they are receiving their

5 permitted amount, is there any analysis as to what

6 that over diversion impacts are on surface flows in

7 the Rio Grande?

8     A.   No.  Other than there's no determine other

9 than replacing that water, that over diversion in the

10 following irrigation season on a one-to-one basis.

11     Q.   Okay.  Is there any analysis as to what that

12 over diversion impacts are on surface flows and

13 drains?

14     A.   I don't do any analysis like that, no.

15     Q.   The OSE does not do any analysis like that?

16     A.   We do an analysis when application is filed,

17 and that's when we do in my work to make sure that the

18 flows to the river are protected.  But as far as the

19 over diversion issue, our view in protecting the water

20 of the surface -- surface water is to have those over

21 diversions be replaced on a one-to-one basis.

22     Q.   But not during the irrigation season?

23     A.   That's correct.  Unless the water master

24 comes into an agreement with that farmer in a

25 different manner.
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1     Q.   Okay.  That threw me for a loop.  What do you

2 mean by a different manner?  How does that occur

3 during the irrigation season which the over diversion

4 is discovered?

5     A.   You know, I can't -- I threw in a caveat just

6 to make sure that there may be other arrangements that

7 the water masters put together with the farmer, so

8 that's all I was referring to.

9     Q.   Okay.  And I'm talking about what

10 arrangements there may be that account for the over

11 diversion and correct for the over diversion during

12 the irrigation season in which the over diversion is

13 occurring.  Okay?

14     A.   Uh-huh.

15     Q.   So what -- what, if any, arrangements do the

16 water masters make?

17     A.   You know, I -- the only thing I can think of

18 straight away is if the farmer has a way to repay that

19 water in some other manner, but -- within that same

20 irrigation season, but, you know, I'd have to defer to

21 the water master for specifics.  I apologize.  I don't

22 know.

23     Q.   Okay.  So sitting here today, you're not

24 aware of any of those arrangements?

25     A.   I'm not.  It's almost always in the following
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1 irrigation season.

2               MR. LEININGER:  Okay.  We've been going

3 well over an hour so I apologize for that, Ms.

4 Thacker, but why don't we -- why don't we take a

5 ten-minute break.  Is that okay?

6               THE WITNESS:  Yes, please.  Thank you.

7               THE VIDEOGRAPHER:  The time is 2:50 p.m.

8 We're off the record.

9                     (Break.)

10               THE VIDEOGRAPHER:  The time is 3:03 p.m.

11 We're on the record.

12     Q.   (BY MR. LEININGER)  So, Ms. Thacker, I only

13 have a few more questions, then I'm going to turn it

14 over to Ms. Klahn.  Are you familiar with the AWRM?

15     A.   I am.

16     Q.   Okay.  And that's a state statute, correct?

17     A.   Yes, it is.

18     Q.   And it stands for -- I don't actually have a

19 copy of it in front of me, but it stands for

20 alternative water right management; is that correct?

21     A.   I think it's active water resource

22 management.

23     Q.   Oh, okay.  That sounds better.  Yes, thank

24 you.  So are there rules and regulations promulgated

25 for the lower Rio Grande pursuant to the AWRM statute?
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1     A.   Did you say for the lower Rio Grande or below

2 the Rio Grande?

3     Q.   I'm sorry.  For the LRG, the lower Rio

4 Grande.

5     A.   No, not at this time.

6     Q.   How do you -- what's your understanding of

7 the purpose of the AWRM?

8     A.   Well, the purpose is to -- number one, we

9 can't manage what we don't measure so essentially

10 it's, number one, measuring through metering, and then

11 putting in a water master district, appointing a water

12 master, and just being really clear on the -- the

13 diversions, metering, and being sure, first of all, to

14 make sure that everyone is staying -- all the farmers

15 are not over diverting their waters.  So right now,

16 there's what we're actively managing the resource.

17     Q.   Does the AWRM statute allow the OSE to

18 administer within priority?

19     A.   What do you mean by administer within

20 priority?  I'm not sure I follow.

21     Q.   Okay.  Well, let me be a little more complete

22 in my question.  There is no full adjudication of

23 water rights in the lower Rio Grande; is that right?

24 Is that your understanding?

25     A.   That's correct.
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1     Q.   So is the AWRM designed to allow the OSE to

2 administer water rights in priority, through priority

3 administration, in lieu of adjudicated rights to

4 water?

5     A.   Well, we don't administer through priority at

6 this time, and my understanding, actually, of AWRM is

7 to manage the water and not have to have a priority

8 call.

9     Q.   Okay.

10     A.   Excuse me -- oh, I'm sorry.  Not a priority

11 call.  Not have to administer through the priority.

12     Q.   And why, to the best of your knowledge, on

13 behalf of the State of New Mexico, was it necessary to

14 have an AWRM to manage the water and not have a

15 priority call?

16     A.   Well, the AWRM really gave us tools to manage

17 the water, and, you know, for instance, the metering

18 order and designation of the water master.  Having the

19 WATERS database and people to input that data and

20 really actively managing and following the groundwater

21 diversions and just all those tools we use.

22     Q.   And it also allows for offsets of water use

23 that may be impacting other water users?

24     A.   What do you mean by "offsets"?  I'm not

25 following.
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1     Q.   Sure.  So if there is, for example, an over

2 diversion of water, the AWRMs would allow for a active

3 management system of offsetting, those impacts of over

4 diversion?

5     A.   Well, the only -- the only way I see is

6 through the same ownership management, and I -- I

7 would say that's one of our tools in our AWRM toolbox,

8 but if it's an over diversion where the farmer is not

9 part of a same ownership management, that is where we

10 require offsets.  Replacement water.  I prefer to use

11 that word.

12     Q.   Let's say there's a determination that return

13 flows from project releases have declined and have

14 depleted flows in the Rio Grande such that it's

15 affecting deliveries downstream.  Do you follow me?

16     A.   I think so.

17     Q.   Okay.  Does the AWRM give the OSE authority

18 to curtail groundwater pumping that may be depleting

19 those surface flows?

20     A.   In my knowledge, that's not the intent of the

21 AWRM.  That's not one of our tools in our toolbox.

22 It's -- AWRM is used to really, like the acronym says,

23 you know, actively manage the water resource, and we

24 can't manage what we can't measure and so we would --

25 we -- our goal is to keep the river whole, the whole
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1 system whole, and so, again, that's what's so good

2 about the metering order and the water master, and all

3 these tools we use help us know where we are and so we

4 keep the water right owners, keep those boundaries in

5 place so we know what they're diverting.

6     Q.   Okay.  Let me give you another hypothetical.

7 So under this hypothetical, there's no over diversion,

8 no one's exceeding their 4.5 acre-foot per acre farm

9 delivery requirement, but yet there's a determination

10 that there is -- because there is this use of water at

11 the 4.5 acre-foot, there is a depletion of return

12 flows and surface water in the Rio Grande.  Okay?

13 That's the -- that's the hypothetical.  And the

14 question is:  What is the statutory authority that New

15 Mexico has to curtail groundwater pumping that may be

16 depleting those surface water flows?

17               MR. WECHSLER:  Form and foundation.

18     A.   There's a lot of words there.  Can you break

19 that down a little bit for me?

20     Q.   (BY MR. LEININGER)  Okay.  Do you understand

21 the hypothetical?

22     A.   Well, I'm -- I'm puzzled about the -- let's

23 see.  Because there is this use of water at the 4.5

24 acre-foot, there's a depletion of return flows and

25 surface water in the Rio Grande.  I don't follow that.
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1     Q.   Okay.  Let me -- I will try to break it down

2 for you.  Let's assume that there is a determination

3 that no irrigator is exceeding his 4.5 farm delivery

4 requirement.  Okay?  So even though your -- your

5 ability to control over diversions that exceed

6 permitted or declared amounts, this scenario assumes

7 that none of that's taking place.  Okay?  And yet --

8     A.   None of what's taking place?

9     Q.   Over diversions.

10     A.   Okay.  Got you.

11     Q.   Exceeding the 4.5.  So irrigators are using

12 4.5 acre-foot, and yet there is also proof that there

13 are depletions from groundwater pumping affecting

14 surface flows on the Rio Grande, thereby affecting

15 diversions further downstream.  Okay?  Do you

16 understand?

17     A.   I'd have to look at what do you mean

18 by "proof"?

19     Q.   Well, let's -- let's just for purposes of

20 this hypothetical, it's been proven that the

21 groundwater pumping of 4.5 acre-foot per acre is

22 depleting return flows and there -- therefore

23 depleting surface water in the Rio Grande.  Okay?

24     A.   Okay.

25     Q.   So the question is:  What's the statutory
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1 project?

2     A.   Well, it's possible; however, again, we have

3 to do an investigation and determine who was causing

4 the depletion.

5     Q.   Sure.

6     A.   Because you can see --

7     Q.   And I -- yeah, I'm sorry to interrupt, but I

8 do want to give Sarah some time here.  But the

9 question, again, is just the OSE's statutory authority

10 to administer in priority in the lower Rio Grande

11 given the scenario that the irrigate -- the irrigation

12 of wells is impacting surface water flows.  What is

13 that statutory authority?  You mentioned the

14 constitution.  Is there anything else?

15               MR. WECHSLER:  Object to form; calls for

16 a legal conclusion.

17     A.   Yeah, I'd follow Mr. Wechsler's point.  I'm

18 not an attorney, but I do know that we've been given

19 the tools, we've been given the constitution of New

20 Mexico, the statutes, rules and regs, and our ability

21 to permit wells and condition those permits.

22     Q.   (BY MR. LEININGER)  And I'm just trying to get

23 -- and really I'm sorry I have to keep coming back to

24 this, but I need some specificity with regard to the

25 tools that the OSE has at its disposal to address this
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1 injury of junior use to a senior water right.  So in

2 the lower Rio Grande, you mentioned the constitution,

3 and then you mentioned the statutes, and if you could

4 just define for me what those statutes are that the

5 OSE uses to administer in that scenario?

6               MR. WECHSLER:  Again, object to form.

7     A.   Well, it would depend on the situation to be

8 honest.  It would depend on who's causing the injury.

9 We need need more specificity on who's doing --

10 causing the injury.  So, yes, absolutely.  We have the

11 authority to -- the state engineer has the authority

12 to protect surface waters of the State of New Mexico

13 and the -- the whole water system, but without knowing

14 specifically who's causing the harm, I can't speak to

15 how we would administer that.

16     Q.   (BY MR. LEININGER)  Okay.  Without rules and

17 regs promulgated and adopted for the LRG, can the OSE

18 still use the AWRM statute to enforce within priority?

19     A.   Well, my understanding of the AWRM is so we

20 don't have to administer in priority.  It's to give us

21 the tools for a priority call -- or administering by a

22 priority is not -- you know, that's the nuclear

23 option, as it were.  We want to use AWRMs so that we

24 don't have to do that.

25     Q.   Okay.  And that AWRM tool is one that's
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1 available in the lower Rio Grande right now?

2     A.   Well, the state -- statewide regulations,

3 yes.  But just because there's no AWRM

4 district-specific regs doesn't mean we don't have the

5 tools to administer water rights.

6     Q.   Sure.  And you -- you gave me the explanation

7 of how you would administer water rights.  My -- my

8 question had just been what's in your toolbox with

9 regard to what is the United States' ability to

10 deliver project water downstream at head gates where

11 there's a proven causation of depletion of return

12 flows that the United States is entitled to, and it's

13 due to groundwater pumping.  Okay?  So my

14 understanding is the OSE feels that the AWRM gives

15 them the ability to curtail junior groundwater right

16 if the United States is being impacted in this way; is

17 that right?

18               MR. WECHSLER:  Object to form.

19     A.   No.  That's not the intent of the active

20 water resource management to curtail junior

21 groundwater rights.  It's to -- I think shortage

22 sharing might be a good way to put it, but we can't

23 administer anything, any water, un -- until we measure

24 it.  So that's really the intent of the AWRM, giving

25 us the ability to have the metering order, have a
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1 water master.  You know, we have the statewide AWRM

2 regs.

3     Q.   (BY MR. LEININGER)  Okay.  So -- we're almost

4 done with this line of questioning.  So if the United

5 States is showing that it's being injured -- its

6 senior water right is being injured, and the senior

7 water right, as we've discussed, is a surface water

8 right of the Rio Grande, and that's determined to be

9 due to groundwater pumping in New Mexico, you're

10 saying that the active water resource management

11 cannot be used to curtail groundwater -- junior

12 groundwater rights; is that correct?

13               MR. WECHSLER:  Object to form; asked and

14 answered.

15     A.   Well, again, that's not the intent of the

16 AWRM, and your scenario really is very broad and so it

17 doesn't mean that the state engineer doesn't have

18 authority to curtail groundwater, but in your

19 scenario, we don't know who's doing it.  We don't know

20 if it's -- where in the aquifer -- where in the basin

21 this is occurring.  So to just say, yeah, we'll --

22 we'll just curtail, what does that mean, we need a lot

23 more specifics and do an investigation, as I

24 mentioned.

25     Q.   (BY MR. LEININGER)  So -- so this -- this
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1 assumes that the United States' project water right,

2 and let's give it a 1903 water right is being injured.

3 What I'm hearing -- correct me if I'm wrong, but what

4 I'm hearing is the OSE has tools other than priority

5 administration to fulfill the United States' entire

6 senior water right?

7               MR. WECHSLER:  Object to form.

8     A.   Well, again, that's not the intent of AWRM.

9 And we can't manage what we can't measure, and that's

10 the point of AWRM.  And so we don't -- we -- we have

11 ability to do an investigation, to figure out who's

12 causing the harm, if someone is, and so, yes, we --

13 the state engineer absolutely can curtail, but without

14 specifics, I can't answer beyond that.

15     Q.   (BY MR. LEININGER)  And I'll just -- let's

16 just wrap this up with when you say absolutely, the

17 OSE can curtail junior groundwater rights that are

18 effecting or hurting/injuring senior water rights, I'm

19 just trying to understand how the OSE would go about

20 doing that.  What -- what laws would they utilize?

21               MR. WECHSLER:  Object to form; calls for

22 a legal conclusion.

23     A.   That's the point of all the statutes is to --

24 to keep the river system whole, the whole LRG system

25 whole.  So the state engineer has the authority to do
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1 groundwater diversions so that the farmers don't

2 exceed their water rights as it is on file.

3     Q.   So what do you mean by shortage sharing?

4     A.   I think that's where our same ownership

5 management comes in to where two farmers can

6 essentially put two farms under one ownership

7 management and where one farmer cannot necessarily

8 irrigate their field, and instead, the other farmer

9 used that water on his lands.  So that gives us the

10 tools to do that.

11     Q.   So in that example, one farmer is not

12 irrigating, and the other farmer is using more water

13 than he's entitled to, correct?

14     A.   No, that's not right.

15     Q.   Well, I don't understand where the shortage

16 comes in then?

17     A.   Well, the farmer isn't using more than he's

18 entitled to.  It's all within the same water rights as

19 in the two water rights, the mass balance is

20 maintained.

21     Q.   Using more -- the farmer that's using

22 additional water is using more water than he would be

23 able to if his neighbor hadn't agreed to loan him his

24 water, correct?

25     A.   That's true.
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1     Q.   And this is the only water district in New

2 Mexico that has an owner management program; isn't

3 that right?

4     A.   I'm not sure about other districts.  I can't

5 speak to that.

6     Q.   When -- when you were deposed last spring,

7 you told me you didn't have any involvement with the

8 owner management program.  Is that still true?

9     A.   I don't administer it on a day-to-day basis.

10 I do -- I do know how it works, but I don't do the

11 paperwork and I'm not actively involved with it.

12     Q.   Are you involved with the year-end evaluation

13 of whether anybody exceeded the mass balance as you

14 call it under an owner management program?

15     A.   I'm not.  Other than I hear Ryan Serrano give

16 a summary and overview, but that's -- he -- he

17 administers that.

18     Q.   So how was the ownership management program

19 shortage sharing again?  I don't really feel like I

20 had an answer to that question.

21     A.   Well, I have to back off on that.  It may not

22 be shortage sharing.

23     Q.   So can you give me an example of what you

24 mean by shortage sharing?

25     A.   Not right now, no.
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1     Q.   So you, as the State of New Mexico, cannot

2 give me an example of shortage sharing?  I just want

3 to make sure that's clear on the record.  Is that

4 right?

5     A.   Let me think about this a bit.  I'm sure I

6 can think of something later, but I can't think of

7 anything right at the moment.  I apologize.

8     Q.   Okay.  Were you in your current professional

9 position in 2005?

10     A.   Yes.

11     Q.   Were you involved in the state engineer's

12 effort to implement lower Rio Grande specific AWRM

13 regulations?

14     A.   Yes.

15               MS. KLAHN:  Kayla, could you pull up a

16 deposition exhibit for me?  It -- it says well

17 metering requirements on the first page.

18               THE VIDEOGRAPHER:  Okay.  Give me a

19 moment.

20     Q.   (BY MS. KLAHN)  While we're waiting for that

21 to come up, Ms. Thacker, did Mr. D'Antonio or anyone

22 else at the Office of the State Engineer ever give you

23 any instructions or guidance about the role of the

24 Compact in your professional duties?

25     A.   No.

TX_MSJ_001385



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 80

1     Q.   Would that be true in -- because I believe

2 you had two positions with the Office of the State

3 Engineer; is that right?

4     A.   Actually, I've had three.

5     Q.   Have you ever had any instruction or guidance

6 on how the Compact plays into your duties?

7     A.   No.

8     Q.   Thank you.

9               (Exhibit No. 1 was marked.)

10     Q.   (BY MS. KLAHN)  Okay.  So the way this works

11 is you should have control of the document that you

12 should be able to see in front of you.  Can you see

13 it?

14     A.   I can.

15     Q.   Okay.  And this is a document we got from the

16 State of New Mexico somehow or the other in the

17 context of this litigation, and it starts with New

18 Mexico Bates No. 00210791, and it's a collection of

19 documents related to, I believe, the AWRM effort in

20 the lower Rio Grande.  The first page is well metering

21 requirements, but I would like you to page down

22 through this to what should be PDF Page 17.  And maybe

23 you can flip it so that it's the right way.  Perfect.

24 Okay.  So the title of this is, "Objectives for Lower

25 Rio Grande District-Specific Regulations for

TX_MSJ_001386

SAK



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 81

1 Implementation of Active Water Resources Management in

2 the Lower Rio Grande Water Master District."  I'd ask

3 you to take a look at these objectives, A through M.

4     A.   Okay.

5     Q.   And I'd like to draw your attention to the

6 first bullet point up there, Bullet Point A, "Protect

7 senior water rights from impairment through

8 administration of both surface and groundwater rights

9 within the Lower Rio Grande Water Master District by

10 priority administration or other methods as provided

11 by the AWRM regulations."  Do you see that?

12     A.   I do.

13     Q.   So this is -- this was apparently an

14 objective for implementation of Lower Rio Grande

15 specific AWRM rules.  Is this an objective of your

16 office in the absence of Lower Rio Grande specific

17 regulations?

18               MR. WECHSLER:  Object to form.

19     Q.   (BY MS. KLAHN)  You can answer.

20     A.   Well, I think the state engineer obviously

21 has the authority to administer based on priority

22 administration, but we haven't had to do that since

23 I've been here.

24     Q.   Remind me what it would take for there to be

25 priority administration in your estimation.
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1     A.   I would think that someone would have to make

2 a call, and we'd do an investigation and figure out if

3 there were the issues that were -- if there were

4 problems that were indeed causing impairment that's

5 the person calling, and so we would have the -- the

6 state engineer has the authority to stop pumping from

7 junior wells if necessary, but fortunately, we haven't

8 had to do that.

9     Q.   What about between surface water rights, have

10 you ever had to answer a priority call between surface

11 water rights?

12     A.   I don't know.  Not that I'm aware of.

13     Q.   I'd like to draw your attention to Paragraph

14 H.  This is an objective to establish a system for

15 administration as required to meet downstream

16 interstate delivery entitlements.  What do you

17 understand that to mean?

18     A.   I'm really not sure what that means.  I need

19 direction on how we would do that.  I'm not sure.

20     Q.   I'm going to draw your attention to Paragraph

21 M, "Establish specific identification and enforcement

22 procedures for the water master to follow to curtail

23 illegal use of water, including use of water that

24 exceeds water rights, and to prevent waste of water

25 within the Lower Rio Grande Water Master District."
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1 That was apparently a goal/objective of Lower Rio

2 Grande specific regulations under the AWRM.  At this

3 time, are there no specific enforcement procedures for

4 the water master to follow to curtail illegal use of

5 water in the absence of AWRM regulations?

6               MR. WECHSLER:  Object to form;

7 foundation.

8     A.   Well, we have the water master district.

9 We've designated that.  We're requiring metering and

10 so absolutely, we have the ability to identify and

11 enforce over diversions.

12     Q.   (BY MS. KLAHN)  You -- you've identified

13 metering as a way to identify and enforce over

14 diversions, but I'm interested in illegal use of

15 water, which could be broader than over diversions;

16 would you agree?

17     A.   Well, it's a different designation, but, yes,

18 I agree.

19     Q.   So other than metering, which allows you to

20 identify after the fact and -- and limit somebody the

21 year after an over diversion, not -- not at the actual

22 time of the over diversion, other than that, what

23 other tools or enforcement procedures are in place to

24 curtail illegal use of water?

25               MR. WECHSLER:  Asked and answered.
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1     Q.   (BY MS. KLAHN)  If -- if that's the only one,

2 tell me.

3               MR. WECHSLER:  Well, I think she

4 answered this earlier with Mr. Leininger.

5               MS. KLAHN:  I'm speaking to the witness.

6     Q.   (BY MS. KLAHN)  If that's the only one, tell

7 me.

8     A.   Well, no, for instance, if a farmer puts a

9 pump in the river and doesn't have a water right

10 specifically to pull water from the river, yes,

11 absolutely, the water master can go in there and

12 require that farmer to pull the pump out of the river,

13 and that would be an illegal use of water.

14     Q.   And -- and has that happened in your

15 experience when pumpers have been identified as

16 pulling water illegally out of the river?  Has

17 Mr. Serrano gone out there and shut down the pumps?

18     A.   Yes.

19     Q.   When?

20     A.   This was within this last year.

21     Q.   Before that?

22     A.   I believe so, but I -- I don't know of any

23 specific.

24     Q.   So you, as the State of New Mexico today, can

25 identify one instance of the water master going and
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1        S I G N A T U R E   O F   W I T N E S S

2

3     I, CHERYL THACKER, solemnly swear or affirm under

4 the pains and penalties of perjury that the foregoing

5 pages contain a true and correct transcript of the

6 testimony given by me at the time and place stated

7 with the corrections, if any, and the reasons therefor

8 noted on the foregoing correction page(s).

9

10

              _______________________________

11               CHERYL THACKER

12

13

14

15

16 Job No. 65671

17

18

19

20

21

22

23

24

25
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1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3

4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10

THE STATE OF TEXAS :
11 COUNTY  OF  HARRIS :
12     I, HEATHER L. GARZA, a Certified Shorthand
13 Reporter in and for the State of Texas, do hereby
14 certify that the facts as stated by me in the caption
15 hereto are true; that the above and foregoing answers
16 of the witness, CHERYL THACKER, to the interrogatories
17 as indicated were made before me by the said witness
18 after being first remotely duly sworn to testify the
19 truth, and same were reduced to typewriting under my
20 direction; that the above and foregoing deposition as
21 set forth in typewriting is a full, true, and correct
22 transcript of the proceedings had at the time of
23 taking of said deposition.
24          I further certify that I am not, in any
25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6          That the amount of time used by each party at
7 the deposition is as follows:
8          MS. KLAHN - 00:39:49

         MR. WECHSLER - 00:00:00
9          MR. LEININGER - 01:46:47

         MR. WALLACE - 00:00:00
10          MR. HICKS - 00:17:46

         MS. BARNCASTLE - 00:02:45
11

12          GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
this, the 8th day of October, 2020.

13

14

                    _____________________________
15                     HEATHER L. GARZA, CSR, RPR, CRR

                    Certification No.:  8262
16                     Expiration Date:  04-30-22
17

Worldwide Court Reporters, Inc.
18 Firm Registration No. 223

3000 Weslayan, Suite 235
19 Houston, TX 77027

800-745-1101
20

21

22

23

24

25

TX_MSJ_001393



Tab36 



Lower Rio Gran'de Water Master District 
,f 

' I 

® llkphcnJ 
• lhlU.c 
·~ kesc, .. ob' 

'· - " r-'i.. ... ,-r..,,.; 
;i TRITTH OR 
I CONSEQURNCFS 
I 

,. 

- - Lower Rio Grande 
Wa1cr Master District 

- Coun1y Linc 
- Lands Outside NM 

~LUNA 
v" CO. . 

~~ 

t 
North 
I 

0 S 10 = Scnlc in Miles 

If you own a wdl that is: 

• Located in the Lower Rio Grande 
'Nater Master District(see map 
above) 

• AND in use for any purpose other 
than sen~ng a. single household or 
watering livestock 

a Metering Order issued by 
the New .Mexico State Engineer 
requires you to install a flow meter. 
This flyer explains key teamres of 
new metering rules and where to 
go for more information. 

Active Water Resources Management 
............................... 
The drought of recent years opened our 
eyes to the urgency of improving water 
resource management. 

Active \Vater Resources Management 
(A WRM) comprises a set of tools that the 
State Engineer is implementing statewide. 
A WRM programs are designed co ensure 
senior water rights are respected, to 
cnoouragc water conse1vation, and to 
pave the way for community cooperation 
co develop alternative means of addressing 
water shortages. 

AWRM programs include: 

• Metering 

,ii Water Maste.-s 

~ District-Specific 
~ Rules & Regulations 

~ Alternatives to 
~ Priority Adminisrr.ition 

Office of the State Engineer 
POBox25101 
Santa Fe NM 87504-5102 
www.ose.state.nm.us/water_into_awrm_ 
basins_lrg_metering_info.html 

11/14/0:,F 

Well 
Metering 

Requirements 

Active Water Resources Management 
Lower Rio Grande District 

NM 00210791 
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Metering: 
A Vital Water Management Tool 

• 

In December 2004. 

the State Engineer issued an 
Order setting out mandato1y 

requiremcntS for Lower Rio Grande 
water right owners with groundwater 
wells other than stock wells and wells 
serving only a s;ng/e household. 

The Order requires: 

• Buying, installing and maintaining 
a totalizing flow merer for each 
well 

• Submitting a report of meter 
model, make, date of installation 
and other relevant facts to the 
Office of the State Engineer 
within 10 days uf installation 

• Reporting the volume of water 
pumped quarterly 

• !\faking up any over-diversions 
during the next accounting year 

.............................. 
This Metering Program is key to 
preventing illegal use and improving 
conservation. Ir will also pro,~de 
the data needed for Lower Rio Grande 
communities to develop voluntary means 
of addressing water shortages. 

Installation Deadline: March 1, 2006 
................................ 
The Well Metering Order sets forth the 
basic specifications for meters. In addition, 
state and local guidelines have been 
developed that include further information 
on the kinds of meters that llav<:: proven 
effective, installation, and where to 
ti nd vendors. 

The cost of meters and meter installation 
will be borne by \\later rightowncn;. In 
some cases, meter installation will require 

· pipe reconfiguration or use of str-aighccning 
vanes to ensure accurate meac;urement. 

A typical flow meter: the 
main parts consist of a 
propeller (A) mounted in 
a short section of pipe 
and geared to a revolution 
counter (BJ which records the rate 
of flow and the cumulative tota'I (from 
"Measuring Irrigation Water With a Flow Meter 
Guide A-102", New Mexico State University). 

The Lower Rio Grande \:Yater .Master's 
duties include inspection of meters and 
enforcement against illegal uses of water. 
The fi rst Water Masrerwas hired forthc 
Lower Rio Grande \Vatcr Mac,ccr District 
early in 2.005. Metering Order compliance 
inspections will begin after March 1, 2006. 

At your request and as time allows, 
the ·water Master will inspect your wdl, 
advise you of your options for ensuring that 
your meter works properly and complies 
with the State Engineer's requirements. 

More Information Is Available . ............................ . 
Information about che metering program, 
meter specifications, installation guide
lines, and potential vendors. among other 
topics, is available on l(he Offke of the 
State Engineer web site or you may 
request that copies be mailed to you. 

Goto: 
www.ose.state.nm.us/water_info_awrm_ 
basins_lrg_metering_info.htmf 

E-mail: lrg.watermaster@state.nm.us 

Or call in Las Cmccs: (505) 649-1480 
.............................. 
Refer to: 
The Metering Order issued by the 
State Engineer 

Groundwater Measurement Specifications, 
which outlines information chat applies 
throughout the state 

Groundwater Metering and Measurement 
Guidelines for the Lower Rio Grande 

Vendor List 

How to Read Your Meter 

.............................. 
To contact the 
Lower Rio Grande \Vater Ma5ter: 

Office of the State Engineer 
District Four Office 
1680 Hickory Loop, #J 
Las Cruces NM 88005 
(505) 649-1480 

NM 0021 0792 
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-- Lower _Rio Grande Metering Order --

(S'~ ... fi
\l\eStete~ 

~ 

lolenltle Strtam Commission 

Frequently Asked Questions 

1. Q: Why are you requiring us to meter our wells? 

A: In order to protect everyone's water rights, the State Engineer needs to know 
how much water is being used. With an ever-increasing demand on the finite 
water resources of the state, particularly during times of drought, the water 
resources of all water districts in the state must be actively managed and 
administered. The State Engineer can only do so if he has information about all 
surface water and groundwater diversions in the Lower Rio Grande Water 
District. 

By requiring water right owners to meter their wells the State Engineer is able to 
collect the information necessary to protect water right owners from illegal 
diversions and over-diversions. In times of drought, he is able to protect those 
with senior priority dates from diversions by those with junior priority dates who 
may not be entitled to divert. 

2. Q: How much will it cost to install a meter? 

A: The cost of a meter varies. To get an estimate on the cost of a meter, check with 
vendors. A list of meter vendors is avai lable on the Office of the State Engineer 
website at www.ose.state.nm.us/water_info_awrm_basins_ lrg_metering_info.html 
If you do not have Internet access, you can pick up the list at the Office of the 
State Engineer Las Cruces District Office or request the list by calling 
(505) 649-1480 or (505) 524-6161. 

3. Q: Who is going to pay for the meter? 

A: The water right owner is responsible for the costs of purchasing, installing and 
maintaining the meter. 

NM 002 10793 
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4. Q: Is financial assistance available? 

A: The State Engineer, through the Interstate Stream Commission reloan program, 
may have some funding available for low interest meter financing. Check with 
your local soil and water conservation or irrigation district as to availability of 
such funding. 

s. Q: What if I do not comply with the order? 

A: Unmetered diversions after March 1, 2006 are illegal. To ensure that water right 
owners are in compliance with the order, the State Engineer will begin meter 
inspections shortly after the deadline. Non-compliance will not result in the loss 
of your water right, but may make you subject to repayment of water and 
potential financial penalties. 

6. Q: Under what authority can the State Engineer order the metering of my 
water? 

A: The legislature, through the state's water laws (Section 72-2-1), has given the 
State Engineer broad powers to enforce legal limits on water rights and, 
generally, to administer all water uses in the state. One of his powers is the 
authority to issue orders, .as he finds necessary in his professional judgment, for 
effective administration of the waters of the state. The metering order issued for 
the Lower Rio Grande Water Master District is one such order. 

Under New Mexico law, all water belongs to the public. As the owner of a water 
right you have acquired the right to divert water for beneficial use, but you do 
not own the water itself. · 

7. Q: What happens if I can't get a meter installed in time? 

A: You may be subject to enforcement action until your well is metered. However, 
if you are having trouble finding a meter or someone to install it, immediately 
contact the Lower Rio Grande Water Master, Sheldon Dorman. He will be able to 
provide you with information about obtaining and installing a meter. To contact 
the water master call (505) 649-1480 or (SOS) 524-6161, or write the water 
master at: Office of the State Engineer, 1680 Hickory Loop, Suite J, Las Cruces 
NM 88005. In addition to describing your situation, also include your Lower Rio 
Grande well file number. 

8. Q: How do I find a meter and someone to install the meter? 

A: A list of meter vendors is available on the Office of the State Engineer website at 
www.ose.state.nm.us/water _info_awrm_basins_ lrg_metering_info.html. If you 
do not have Internet access, you can pick up the list at the Office of the State 
Engineer Las Cruces District Office or request the list by calling (505) 649-1480 
or (505) 524-6161. 

NM 00210794 
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9. Q: Why haven't I heard about this metering requirement before? 

A: Since the State Engineer's metering order was issued on December 3, 2004, the 
Office of the State Engineer has made diligent attempts to inform the public 
about the metering requirements and the deadline. We have sent numerous 
news releases to area news media, posted the information on the Office of the 
State Engineer website, and made all documents available at the Office of the 
State Engineer's Las Cruces District Office. We also have worked closely with 
area water user groups concerning the metering requirements. 

The State Engineer has prepared a brochure that gives an overview of the 
metering requirements. In December of 2005, the agency mailed out more than 
9,600 copies of this brochure to area water right owners in the Lower Rio 
Grande. If your water right ownership record with the Office of the State 
Engineer ls current, you were notified. 

The brochure can be obtained from the agency website or by calling (505) 524-
6161 or (505) 649-1480. 

10. Q: If several water right owners divert from one well, do they need more 
than one meter? 

A: In this situation, water right owners have two options: 

Option A: Use one meter, sign a well sharing agreement with the other owners, 
and place it on file with the State Engineer. This document says you agree that 
you are jointly responsible for not using more than the collective total amount of 
water allowed. 

A well sharing agreement form is available at the Las Cruces District Office or 
can be downloaded from the State Engineer's website. 

Option B: Install an individual meter for each water right. 

11.Q: Who will read my meter? 

A: Each water right owner is responsible for reading and reporting his own water 
use. 

12. Q: How do I report my meter readings? 

A: You can submit your meter readings to the Office of the State Engineer by mail, 
• e-mail, f~x, or by droppinq them off at the Las Cruces District Office. You may 

also submit your meter readings through the Internet at 
www.ose.state.nm.us/doinq-business/forms-inst/meter-reading/MeterForms. 
Meter reading forms are available at the Las Cruces District Office or from the 
State Engineer website. 

NM 00210795 
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13. Q: Where does the data about my water use go? How is it used? 

A: It is recorded in the State Engineer's WATERS database and is available on-line. 
The Office of the State Engineer uses the information to protect all water right 
owners from illegal diversions, and to make sure that senior water right owners 
get their water in t imes of drought. 

14. Q: I have a well in my yard. Do I have to put a meter on it? 

A: Not if your well is used only for domestic purposes. Domestic purposes include 
drinking, cooking, sanitary purposes, and cooling. In addition, water right 
owners can irrigate no more than one acre of non-commercial vegetation (e.g., 
lawn/landscape or personal garden watering). However, the State Engineer 
reserves the right to require a meter for any well. Wells used for any other 
purpose must be metered, regardless of where they are. 

15. Q: I have a domestic well that I use only for my domestic/household uses. 
Do I have to put a meter on it? 

A: No. The metering order does not apply to wells used for supplying water to 
single households. 

16. Q: Are stock wells exempted from the metering requirement? 

A: Stock wells supplying relatively small amounts of water, such as windmills, are 
exempt. Feedlots and dairies are not exempt from the metering requirement. 

17. Q: I'm not using/ not going to use my well, do I have to meter it? 

A: If you are not using your meter, the pump must be removed, the well must be 
capped, and you must notify the water master in writing that you will not be 
using the well. He will then inspect the well to make sure it is properly 
decommissioned. 

18. Q: Who do I contact to cap my well? 

A: 

19. Q: How much will you charge for water? 

A: The Office of the State Engineer does not charge for water. The State Engineer's 
job is to administer and protect water rights. 

NM 00210796 
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20. Q: Who pays for the Water Master? 

A: According to state law, the salary and expenses of the water master are charged 
to the water right owners in the district, through the county commissions 
(Section 72-3-4). The amount of the charge is based on the size of the water 
right each owner has. The State Engineer prepares a budget of the estimated 
water master expenses and certifies that budget to each county commission 
located in the water master district. The county commissions t reasurers include 
the amounts owed in the county tax rolls for that year. 

21. Q: Can I object to the metering requirements? 

A: Submit your comments or concerns by e-mail, or by mail to the addresses shown 
below. Please be sure to indicate "Lower Rio Grande Metering Requirements" on 
the envelope or in the e-mail heading. 

For further information, please contact the water master at the information 
listed below: 

Water Master 
Office of the State Engineer District Four Office 

1680 Hickory Loop, Suite J 
Las Cruces NM 88005 

Email: lrg.watermaster@state.nm.us 

Internet: www .ose.state. nm. us/water_ info _awrm_basins_lrg_metering_info.html 

Telephone: (505) 649-1480 or (505) 524-6161 

Metering Requirements Related Domments 

Metering Order 

Groundwater Metering Brochure 

Groundwater Measurement Specifications 

Groundwater Metering and Measurement Guidelines for the Lower Rio Grande 

Vendor List 

NM 00210797 
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New Mexico Office of the State Engineer 
PO Box 25102 . 

Santa Fe, New Mexico 87504-5102 
PH: (505) 827-6120 FAX: (505) 827-6682 

Meter Installation Variance Request Form 

I, do hereby request a meter installation variance because: 

0 I can install my meter in a manner that meets the installation requirements of the manufacturer, 

but not those of the Metering Order. 

0 I cannot install my meter in a manner that meets the installation requirements of either the 

manufacturer or the Metering Order, but I believe that I can install it in a manner that produces an 

accuracy within ±10 percent of actual flow. 

Please indicate which specification below cannot be met, and explain why: 

0 The meter shall be installed according to manufacturer specifications. 

0 There shall be no diversions between the wellhead and the meter. 

0 The meter shall be installed in such a manner as to ensure full-pipe flow at the location of 

the meter. 

0 The meter shall be installed at a distance of at least 1 O pipe diameters downstream from 

bends in the pipe or changes in pipe diameter. 

Explanation: -------------------------------

I understand that the Water Master will review my case, and if it is determined that I can meet the 

Order, I will be required to do so. I also understand that before a variance is granted t must have my 

meter checked and it must be within ±10% actual flow. 

Print Name: -------------

Signature: ----------- __ _ Date: -------

OSE Metllf lnS131ation Variance ~l Form 

NM 002 10798 
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New Mexico Office of the State Engineer 
PO Box 25102 

Santa Fe, New Mexico 87504-5102 
PH: (505) 827-6120 FAX: (505) 827-6682 

Meter Installation and Inspection Form 

Instructions: Submit this form for all wells, which require measurement of water withdrawals. 
Fill out one form for each well. Submit changes within 30 days. The individual providing the 
information herein must sign and date this form in item 8 and complete the address and phone 
information in item 8 if different from those listed in items 2 or 5. Type or print in BLACK INK. 
No overstrikes or erasures unless initialed. 

1) . PERMIT NUMBER:------

2) PERMITTEE: 

Name: Work Phone: 

Contact: ------------- Home Phone: 

Address:-------------

City: State: Zip: 

WELL LOCATION: 

OSE Well Number: -------

a. __ x 
--X --X Section: Township: Range: 

b. Subdivision 

C. Latitude: __ d --m --s Longitude: __ d --m __ s 

d. East (m), 

3) FLOW METER DATA: 

Meter Information: 

Manufacturer 

Model No. 

Serial No. 

Meter Size 

Volumetric Units 

Multiplier 

OSE Mele< IJ\Slalat1on end 11\spection Fom, 

North (m}, 

Primary Meter 

UTM Zone 13, NAO (27 or 83} 

Secondary Meter 

' ----------
'-----------
' ----------
' -----------/ __________ _ 
' -----------

(Form continues on next page) 

P;,ge 1 of 4 10/2006 
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3) FLOW METER DATA (Continued}: 

Installation Information: Primary Meter 

Installation Date 

Flow Meter Reading 

Power Meter Reading 

Calibration Information: 

Last Calibration Date 

Internal Diameter (I.D.) 

Outside Diameter (0.0 .) 

4) WELL USER {if different from the owner}: 

Name: 

Contact: 

Address: 

City: 

Secondary Meter 

'-----------
'-----------
'------------

'-----------
'-----------
'------------

Work Phone: 

Home Phone: 

State: Zip: ___ _ 

5) WELL TEST DATA: 

Testing Information: 

Well Test Date Static Water Level ft 

Power Meter Reading _____ kWh or cfm Pumping Water Level ____ _ ft 

_____ psi Yield gpm Pressure Head 

Measured Input HP HP Total Head 

Test Performed By: 

Name 

Mailing Address 

City, State, Zip 

Phone Number 

OSE Meler lnslallatioo and 1"5l)C(:lien Fo,m 

(Form continues on next page) 

P:lge 2 al 4 

ft 

10/2006 
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6) FLOW METER INSTALLATION: 

Label all fixtures (valves, check valves, elbows, etc.) and changes of pipe diameters within 
25 pipe diameters upstream and 5 pipe diameters downstream of the meter installation. 
Note the type of fixture, the distances to these fixtures, internal and external diameters of 
straight pipe, and the schedule nos. of straight pipe. Space is provided below for this 
diagram. You may use a separate sheet if necessary. Use the diagram that most closely 
matches your type of flow meter. 

.?iPE 1.0. Q .. ... w .... , II" 
PIPE 0 .0. ............ 111. 
SC>IEOUL.E ti 

<]FLOW 

drop prpo 
09.."1Ctlino 

@ PIPF. r.o. C ............ in. 
?JPE 0 .0 . IS . ........... 11\. 
SCttEOUU:'. tJ 

<Ji:1..ow 

The numbers 1 through 4 below correspond to the numbers in the diagrams above: 

1. Length of straight, unobstructed pipe downstream of meter drop pipe centerline: 

_____ ft in 

2. Length of straight, unobstructed pipe upstream of meter drop pipe centerline: 

_____ ft in 

3. Length of straight, unobstructed pipe upstream of meter propeller: 
_____ ft in 

4 . Length of meter drop pipe: _____ ft _____ in 

Are valves, changes in pipe diameter or any other flow restrictions located within 25 pipe 
diameters upstream or 5 pipe diameters downstream of the flow meter? YES NO 

If yes, how far? Upstream: ft in 
Downstream: ft in 

Are straightening vanes included in this flow meter installation? YES NO 

8) I (WE) HEREBY AFFIRM THAT I (WE) HAVE READ AND UNDERSTAND THE ABOVE 
FORM AND THATTHE INFORMATION I (WE) HAVE PROVIDED IS TRUE AND 
CORRECT: 

Signature 
Name (print) 
Date 

Mailing Address -------------------
City. State, Zip 
Phone Number 

OSE Meter IMll!laUOR ano ·~ Fom, 10/2005 
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-a-

• 
FLOW METER INSTALLATION GUIDELINES: 

1) All valves-should be located downstream of the flow meter (excepting check valves). 

2) The manufacturers installation instructions must be followed to assure meter 
measurement accuracy within two (2) percent 

3) The following minimum unobstructed straight pipeline requirements are provided as a 
general guideline only. Refer to the manufacturers instructions for meter specific 
installation instructions. Pipe diameters are internal diameters. 

• 10 pipe diameters upstream of propeller without vanes. 5 pipe diameters 
upstream with vanes 

• 1 pipe diameter downstream of meter 
• 20 pipe diameters upstream to exaggerated flow restrictions or jetting (may be 

caused by pressure regulator valves. check valves, changes in pipe diameter, 
etc.) without vanes: 10 pipe diameters with vanes 

Other Meters: 
• 10 pipe diameters upstream of meter 
• 5 pipe diameters downstream of meter 
• 20 pipe diameters upstream to exaggerated flow restrictiOns or jetting (may be 

caused by pressure regulator valves. check valves, changes in pipe diameter, 
etc.) 

For Official Use Only: 

Well Coordinates: --------------------------

Comments: 

Page4 ~ 4 10/200S 
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Attachment 7 

~xample 
Quarterly Meter Read 

Reporting Form 
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METER INSTALLATION AND INSPECTION FORM 

I Well Information 

A) File No. 

8 ) Well No. 

II. Permittee 
Name: 
Address: 

Ill. Meter Information 

A) Serial No. 

B) No. Of Dials 

C) Multiplier 

D) Make 

E) Units 

IV. Inspected by ----- --

Comments: 

Approved O Not in Compliance D 

NM 00210804 
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State Engineer Office 
133 Wyat t Drive, Suite 3 
Las Cruces , NM 88005 

FAX: .(505) 524-6 160 

FILE NO :_.:.:HU~---'9~3~--- - ---

NANE : CBS Mainteoaoce 

REPORT FORM 

Please 'i.·ead the meter at the end of each calendar month and submit meter 
readings on or before the 10th day of the following month . 

FILE NO. ~ READING GALLONS 

HU-93" Presen c. : 

Previous: 

FILE; NO. tlQN.I.l:i R.EADUG GALLONS 

HU- 93- S Present : 

Previous: 

FILE NO. READING GALLONS 

HU- 93- S- 2 

P1·evious :---.....---"--

.. 
By: _______ ___ _ _ 

Date: ___________ _ 

.. **PLEASE MAKE COPIES QE THIS EQBM fOB SUBMIUING YQUR METER READINGS, 

NM_002 10805 
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Objectives for 

Lower Rio Grande District-Specific Regulations (LRGDSR) 
For Implementation of Active Water Resources Management in the 

Lower Rio Grande Water Master District (LRGWMD) 

A. Protect senior water rights from impairment through administration of both 
surface and ground water rights within the LRGWMD by priority administration 
or other methods as provided by the A WRM regulations. 

8. Maximize the beneficial use of New Mexico's water resources within New 
Mexico. 

C. Specify the parameters within which groundwater may be used to increase water 
supplies in times of surface water supply shortages. 

D. Protect the water supply functions of the aquifers of the Lower Rio Grande Water 
Master District. 

E. Establish the system for administration of water rights under Depletion Limit 
Administration within the LRGWMD. 

F. Establish minimum criteria and the State Engineer's process for consideration of 
Alternative Administration proposals. 

G. Establish the system for conjunctive administration of surface water rights and 
associated supplemental irrigation wells within the LRGWMD. 

H. Establish a system for administration as required to meet downstream interstate 
delivery entitlements. 

I. Establish a system for administration applicable to changes in environmental 
depletions of water resulting from managed changes in riverine or riparian habitat 
or changes in reservoir operations. 

J. Establish a Generalized Hydrologic Analysis applicable to defined areas within 
the LRG WMD to support expedited consideration by the State Engineer of 
Replacement Plans providing for (I) continued water use by junior water users 
that are subject to administrative curtailment of water use or (2) transactions of 
Special Water Users Associations. 

K. Establish the system for consideration of objections and appeals of Lower Rio 
Grande Water Master decisions and actions. 

L. Promote the expedited marketing and leasing of waler rights; facilitate operations 
of Special Water Users Associations that operate in accordance with state law and 
OSE regulations. 

M. Establish specific identification and enforcement procedures for the Water Master 
to follow to curtail illegal use of water, including use of water that exceeds water 
rights, and to prevent waste of water within the LRGWMO. 

Approved Projecl Review 13-0ard 1/18/05 
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STATE OFNEWMEXJCO 
OFFICE OF THE STATE ENGINEER 

IN TH.E MA TIER OF THE CREATION OF ) 
THE LOWER RIO GRANDE WATER ) 
MASTER DISTRICT FOR THE ) 
ADMINISTRATION OF RlGHTS TO ) 
THE USE OF GROUND WATER FROM ) 
THE LOWER RIO GRANDE GROUNDWATER ) 
BASIN OF NEW MEXICO ) 

The State Engineer for the Stale of New Mexico ("State Engineer") is authorized by 
statute to divide the State into water districts in confonnily with the drainage areas for the 
purpose of performing the essential governmental function of distributing water among water 
right owners under the laws of the Seate of New Mexico. The State Engjneer may appoint· a 
water master who will have immediate charge of such apportionment of waters. 

STATUTORY AUTHORITJES 

l. New Mexico law declares that all naturaJ water flowing in stTeams and 
watercourses, whether such be perennial, or torrential, within the limits of the 
State of New Mexico, belong to the public and are subject to appropriation for 
beneficial use. NMSA 1978, § 72-1-1 . 

2. The State Engineer has a statutory responsibility to supervise, measure, 
appropriate, and distribute the waters of the State. NMSA 1978, § 72-2-1, 
including surface waters , NMSA 1978, §§ 72-5-J through 37, and groundwaters, 
NMSA 1978, §§ 72-12-J through 28, in accordance with the prior appropriation 
doctrine, as established by New Mexico law, NM Const. art. XVf; NMSA 1978, § 
72-1-2. 

3. The State Engineer is aulhorized, if it is in the best interest of the State and the 
owners of water rights, to establish water districts upon any stream system within 
the State of New Mexico as necessary for the economical and satisfactory 
apportionment of said waters. NMSA 1978, § 72-3-1 . 

4. The State Engineer is authorized, if it is in lhe interest of public safety and the 
best interest of water users, to appoint a water master who shall appropriate, 
regulate and control the waters of such water districts so as to prevent waste. 
NMSA 1978, § 72-3-2. 

FINDINGS OF FACT 

I . In order to properly apportion the waters of the Lower Rio Grande stream system 
in Sierra and Dona Ana Counties, New Mc::xico, the establishment of the Lower 
Rio Grande Water Master District ("District") and the appointment of a Water 
Master in and for the District are necessary. 
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2. The amount of water in the District is finite and varies from year to year based on 
annual spring run--off. which is dependent on annual precipitation, and on the 
amount of groundwater being pumped in the District 

3. The Elephant Butte lnigalion District ("EBID"), and the majority of its ._ 
constituents, the City of Las Cruces, a number of mutual domestic water us~ r 
associations, and a number of commercial/industrial users, are all water users on 
the District. 
Adjudication of water rights in the Lower Rfo Grande stream system and 
Underground Water Basin has begun, but has not been completed. 

4. 

5. 

6. 

7. 

8. 

The recent drought in the State of New Mexico has created a water shortage'c1risii 
in the Lower Rio Grande Stream System. 
The shortage of water in the Lower Rio Grande Stream System is a problem 
affecting the citizens of Sierra and Dona Ana Counties. 
Creation of the District is necessary to ensure the economical and satisfactory 
apportionment of water in the District 
Appointment of a Water Master is necessary to ensure the public safety ofwarer 
users in the District and to ensure protection of existing water rights in the Dis1ric1 
from impairment 

CONCLUSIONS OF LAW 

Creation of Water Master .District and Appointment of Waler Master 

I. The State Engineer concludes that, for the economical and satisfactory 
apportionment of water in the District, it is in the interest of public safety and in 
the interest of the water users lhal the LOWER RlO GRANDE WATER 
MASTER DISTRJCT ("District") should be formed and a Water Master 
appointed on a permanent basis, so as to administer the groundwaters of the 
District in accordance with New Mexico law. 

2. The District Water .Master shall have immediate charge of the apportionment of 
waters in lhe District under the general supervision of the State Engineer, and 
shall appropriate, regulate and control the waters of the District so as to prevent 
impairment of senior water right owners and to prevent waste. 

3. This Order applies to all groundwater righ1s in the Lower Rio Grande Water 
Master District, located in Sierra and Dona Ana Counties, Stale of New Mexico. 

Administration of Affected Water Rights 

4 . The State Engineer concludes that the immediate administration of groundwater 
rights in the District is necessary for the protection of the public, the protection of 
prior surface water and groundwater rights, and the prevention of waste. 

5. The State Engineer concludes that the Water Master of the rnstrict crea1ed by this 
Order shall apportion the waters of the District in accordance with the Active 
Water Resource Adminislralion regulations for the Lower Rio Grande Water 
Master District; other existing or future regulations; the Water Master Manual; 
and any guidelines, directions and supervision provided by lhc State Engineer. 
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ORDER 

6. The State Engineer concludes that the Water Master of the District created by this 
Order shall perform the following specific duties: 
a. Curtajl illegal diversions (i .e. any diversion without a water right, or in 

excess of the elements or conditions of a water right); 
b. Measure and report water usage in the District; 
c . Curtail out-of-priority diversions determined l>y the State Engineer to be 

causing injury 10 senior priority water rights; 
d . Administer water usage according to any agreements entered into by the 

water right owners of the District; and 
e. Coordinate, where indicated, with the United States Bureau of 

Reclamation and with the Elephant Butte Irrigation District Ditch Rider(s) 
so as to ensure appropriate regulation and control of groundwater 
withdrawals. 

7. Additional instructions to the Water Master for the administration of groundwater 
rights in the District will be based upon available water rights data, hydrologic 
models, and the State Engineer's best professional judgment. 

8. The State Engineer concludes lhat the District created by this Order shall include 
the following organizational features: 
a. The appointmenc of a single Water Master for the District. 
b. The State Engineer may declare sub-districls and appoint sub-district water 

masters ifhe deems it m:cessary. 
c. The Water Master will be a direct employee of the Office of the State 

Engioeer and shall receive compensation in an amount to be detennined by 
the State Engineer. The Water Master shall also be compensated for all actuaJ 
and necessary expenses incurred in performing lhe duties of Water Master. 

d. The salary and expenses of the Water Master will be paid monthly by the 
water right owners through the boards of county commissioners of Sie1Ta and 
Dona Ana Counties, New Mexico. in accordance with the requirements of 
NMSA 1978, § 72-3-4. The amount to be paid by each water right owner will 
be based on the amount of water used by each water right owner, or as 
otherwise provided for by future legislafive acts. 

e. The boundaries of the District may be changed from time to lime, as may be 
necessary in the opinion of the State Engineer. for the economical and 
satisfactory apportionment of water in the District 

lT IS ORDERED that: 

I. The LOWER RIO GRANDE WATER MASTER DISTRJCT is hereby created 10 

include all groundwater rights within the drainage of the Lower Rfo Grande 
Stream System, within the area depicted on the map attached hereto as 
Auachment A and incorporated herein by reference. 
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2. The State Engineer hereby authorizes the appointment of a Water r,tfaster for the 
District for. the purpose of administration and apportionment of the groundwaters 
thereof. 

DATED th.is 3"1 day of Occcmber, 2004. 

R. D'ANTONIO JR., P.E. 
tate E~gineer 
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OFFICE OF THE STATE ENGINEER 
STATE OF NEW MEXICO 

IN THE MA rreR OF THE REQUIREMENTS ) 
FOR METERING GROUNDWATER WITII- ) 
DR.AW ALS IN THE LOWER RIO GRANDE ) 
WATERMASTER DISTRJCT, NEW MEXICO ) 

ORDER 
WHEREAS, New Mexico Jaw declares that the water of underground streams, 

channels, artesian basins, reservoirs or Jakes, having reasonably ascertainable boundaries, 
belong to tbepubJic and are subject to appropriation for beneficial use, NMSA !978, § 
72-1-1; and 

WHEREAS, the State Engineer has a statutory responsibility to supervise the 
m~asuremenl, appropriation, 311d distribution the waters of the stale, NMSA 1978, § 72-
2-l in accordance with lhe prior appropriation doctrine, as established by New Mexico 
law, N.M. Const. art. XVI; NMSA 1978, § 72-1-2; and 

WHEREAS, the State Engineer may adopt rules regarding the administration of 
water and promoting expedited marketing and transfen of water, NMSA 1978, § 72-2-8; 
NMSA 1978, § 72-2-9. l; and 

WHEREAS, the unauthorized use of water to which another is entitled, or the 
willful waste of surface or W1derground water to the detriment of another, or the public, is 
a misdemeanor, NMSA J 978, § 72-8-4; and 

WHEREAS, the Stale Legislature has recognized that the need for water 
administration is urgent, NMSA 1978, § 72-2-9.J; and 

WHEREAS, the groundwaters oflhc Lower Rio Grande Water Master District 
are in hydrologic connection with the surface water system of the Lower Rio Gt-ande; and 

WHEREAS, a requirement for measuring and reporting ground water uses in the 
Lower Rio Grande Watermastcr District will assist the State Engineer in managing and 
administering the waters of the Lower Rfo Grande stream system; and 

WHEREAS, measuring and reporting of ground water diversions in the Lower 
Rio Grande Watennaster District will promote expedited leasing and marketing of water 
by ensuring a high degree of accuracy in the detennination of actual water use, and 
assisting in State Engineer analysis ofimpainnenl, public welfare and conservation 
issues; and 

WHEREAS, this Order as set out below, providing fo r measurement and 
reporting of groundwater uses in the Lower Rio Grande Water Master Dis1ric1, will assist 
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the State Engineer in perfonni.ng his statutory dutjes to protect existing waler rights, 
promote expedited leasing and marketing of water, conserve water, and promote the 
public welfare by preventing the over-appropriation. illegal use and waste of water. 

NOW THEREFORE, f, John R. 0 • Antonio Jr., State Engineer of the State of 
New Mexico, do hereby order metering of all groundwater diversions by totalizing flow 
meters in the Lower Rio Grande Water Master District, unless spedficaJJy excluded 
below. l .fin1her order that all metering devi·ces be in place and operational no later than 
Marchi, 2006. This date has been decided upon to provide adequate notfoe to 
groundwater right owners that meters are now required and to provide sutlicienl time for 
their installation so as to avoid hardship. 

DEFlNlTION OF THE LOWER RIO GRANDE WATERMASTER DISTRICT: 
The Lower Rio Grande Water Master District includes aU lands within the Lower Rio 
Grande Underground Water Basin, Hot Springs Underground Water Basin and Las 
Animas Creek Underground Water Basin. 

METERING OF ALL GROUNDWATER USES IN THE LOWER RJO GRANDE 
WATERMASTER DISTRICT; A totalizing flow meter, in accordance with the 
standards set out in this Order, is required for every ground water well wilhin the Lower 
Rio Grande Water Master District, with the exception of wells that serve the household or 
domestic uses of a single household, or the irrigation of one acre of noncommercial trees, 
lawn or garden, or are used for the sole purpose of watering Jivestock in a grazing 
operation. Nothing herein shall limit the authority of the State Engineer to require, at a 
later date, that water uses currently excluded from the requirements of trus order be 
metered. Nothing herein shall limil the authority of the State Engineer to require specific 
lypesofmeters as a condition of approval for any permit granted by the State Engineer. If 
the State Engineer procures meters, they shall be purchased from the Stale Engineer 
subject to the State Engineer's funding terms. No owners of groundwater rights may 
divert from wells covered by this Order after March I. 2006, unless such wells are 
metered in accordance with the specifications described in this Order. 

JNSTALLATION, MAJNT.ENANCE AND REPAIR: The water rights owner shall be 
responsible for instaJljng, maintaining and repairing the meter. The meter shall be 
installed in accordance with the manufacturer's specifications. The owner shall keep the 
meter in good working order so as to provide a continuous and accurate record of the 
amount of water withdrawn or diverted. If the meter is broken or not functioning in 
accordance with the specifications of this Order, diversion of water from that weJI shall 
be discontinued unless estimates of diversion can be made by hour meters or electrical 
meters associated with the well pump. Estimates using data from hour meters shall be 
made based upon the listed pump capacity. Broken or non-functioning meters must be 
repaired within 30 days of the time lhc meter broke. 

REPORTING REQUIREMENTS: Within ten days after meter installation, the owner 
shall submit to the State Engineer a written record of the meter's make, model, date of 
installation, initial reading, units of measurement and multiplier {if any); information as 
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to lhe presence of an hour meter or electrical meter associated with the welJ pump; and 
the Office of the State Engineer file number for the weJI. The meter readings, an4 
readings from the hour meter or electrical meter associated with the well pump, shall be 
reported on or before the tenth day of January, April, July and October of each year for 
the three preceding calendar months, unless otherwise ordered by the State Engineer. 
However, ifa permit or license of the State Engineer requires more frequent meter 
readings, the terms of the permit or license shaU control. 

AJI reporting shaJI be either electronically tJµough a meter data input system developed 
by the Office of the State Engineer, or in writing on a form acceptable to the State 
Engineer. Reports shall include the Office of State Engineer file number for the weU, 
dates of reading, units of measurement and multiplier, if any. Jf a meter is serviced, 
repaired or replaced, the owner shall record the meter readings before and after such 
actions, and shall include the readings in the written report for the quarter in which 
servicing. repair or replacement occurred. 

AJI overdiversions of water made in one accounting year shall be made up during the 
accounting year following the year in which the overdiversions occurred. 

ST AND ARDS, SPECIFICATIONS AND GUIDELINES: Each meter shall be of a 
type acceptable to the State engineer and shall be installed, maintained and repaired in a 
maMer that is acceptable lo the State Engineer. The following minimum standards apply 
to each meter: 

A. The meter shall be a totalizing flow meter with a rated accuracy of p lus or 
minus two (2) percent of actual flow. The installed accuracy of the meter and 
any secondary equipment such as data recorders shall be within p lus or trunus 
ten ( I 0) percent of actual flow. The meter shaH be calibrated according to 
industry standards upon installation, and at least once every three ye.ars 
thereafter. 

8 . The meter shall be installed, inspected and maintained according to the 
manufacturer's specifications. 

C . The meter shall contain sufficient recording digits to assure that "roll over" to 
zero does not occur within a one year period. 

D. The meter register or display shall record total volume and instantaneous flow 
rate or be capable of flow rate calculation, be non-resetable, and have a 
waterproof and tampcrproof seal. 

E. There shall be no diversions between the wellhead and the meter. 
F. The meter shall be installed and maintained in such a manner as to prevent 

meter error, for example, due to the pipe being incompletely lilied with water 
at the location of the meter. 

G. The meter shall be installed and maintained in such a manner as to prevent 
meter error due to the meter being too close 10 bends in the pipe or changes in 
pipe inner diameter. The meter shall be installed at a distance of al least I 0 
pipe diameters downstream from bends in the pipe or changes in pipe 
diameter. 
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H. The meter shall be accessible for reading, inspection and testing by a 
representative of the State Engineer, including a duly appointed Water Master. 

i. The units of measurement and lhe multiplier, if any, for determining the total 
amount of water diverted shall be indicated on the meter. 

The Stale Engineer may modify these standards, specifications and guidelin~ or adopt 
additional standards, specifications and guidelines for meters and for their installation. 
repair and maintenance, or for other alternative measurement methods or devices, which 
shall be on file in his office. 

SUPERSESSION BY A COURT: In the exercise of his statutory authority to measure 
the public waters, the State Engineer shall consider this Order and any orders entered by a 
court of competent jurisdiction regulating the use of ground water. Where there is any 
inconsistency between this Order and the orders of a court of competent jurisdiction, the 
court's order shall control. 

VARJANCES: When the strict application of any provision of this Order would be 
impracticable or would cause unreasonable hardship, the State Engineer may, at his 
discretion, grant a variance for a speci fie instance, provided a written request for the 
variance is filed with the State Engineer and the State Engineer finds the request 
justifiable. Alternative methods or devices for measuring water uses are allowable only 
upon written authorization from the State Engineer. 

MODIFICATION OF THIS ORDER: The State Engineer may, at his sole discretion, 
supplement this Order to acwmmodate any specific proposals to implement metering of 
all groundwater diversions in the lower IUo Grande Water Master District submitted to 
him by any entity responsible for compliance with, or assuring compliance with, the 
provisions of this Order. Decisions to supplement trus Order will be made upon 
consideration of any Interstate Stream Conunission staff conunenlS after their review of 
such proposals and as verified by the Lower Rio Grande Water Master-. 

EFFECTIVE DATE: This Order shall become effective on the date of signature by the 
State Engineer. No waler shall be diverted from any well in the Lower Rio Grande W:ater 
Master District afier Marchi, 2006 unless equipped with a functional meter as required in 
tllis Order. 

WJTNJ<:Ss my hand and seul ofmy office this J'd day of December, 2004. 

~ . f.~ .. / 
J R. O'ANTON10JR.J.i 

late Engineer 
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OJ?fl'IC .. : OF TllR STATF. F.NGINF.ER 
STATE OF NEW MEXICO 

JN THE ~\llA'rfER O"F THB REQUlREMENTS ) 
FOR METERING GROUNDWATER WITM- ) 
ORA WALS IN THE LOWcR R.10 GRA.i\'DE ) 
WATER MASTER DlSTRfCT. NEW MEXICO) 

Order No. I 72 

FIRST Ai\'li-.;NOED Mltl'l<~RINC ORl>•;K 

\VHF.REAS. New Mexico law declares lhnt the waler of underground streams, 
ch01u1cls, mtcsiim b!ISins, reservoirs or hikes h:wing rcasonnbly nsc:crtnin:ible boundaries, 
belong lo the public nnd arc suhj~cl to uppror,ri:ition for bcncli¢iol use. NMSt\ l97S, § 72-1 • 
I : ancl 

WHEREAS, the State Engineer hns a statutory responsibility to su1,ervisc lhe 
mc:u:m~mcnt, upproprinlion, ru,d distribution ofchc waters of the state, NMSA 197S, § 72-2-
1 in accmdanc;(: wi rh the prior npproprintion doctrine, ns cst:iblished by New Me~ico low, 
N.M.. Consl. art. >,.'Vr; NMSA 197S. § 72-1-2; :ind 

WU.EREAS. the State Engineer rnay adopt rules rcgnrding the administration of 
w::itcr ::ind promoting c;xpcc.litcd murketing nn<l tmmift.-r.; of water. NMS/\ I 978, § 72-2-S; 
'i\~1SA 1978. § 72-2-9.1; and 

\VHF.RF.AS, the unouthori:tcd use of wnccr to which :mother is entitled., or the willful 
W:lstc of .surface or !:,'TOundw~tcr 10 the detriment of another. or of 1ho public, is a 
misdemeanor, 1'.'MSA J 9781 § 72-S-4; a11d 

WHt;R.EAS, the State l.egislacun:: has cccog11i2cd tl111t thc nctd for water 
udmi11istrolio11 is urgent, NMSA l 97S. § 72-2·9. l; and 

WHEREAS, the groundwater.; orthe lo"er Rio Grande Wmcr Master District are in 
hytlrologic connection with &he surfoce wut'=', :;}'stem of lhe Lower Rio Gr'Jndc; :111d 

\VHF.RF.AS, t1 requirement for mc:lsuring and rcponing groundwater uses in the 
Lower Rio Gr,mdc Wat~r Master District will 3Ssist the State engineer i.n managing and 
administering the waters ofthl! LOW\)r Rio Gr-..andc scream sys1cm; .ind 

\\'f.11-:RJ.:s\S. measuring ,111J rcpcuiing or groumlw:iti.'1' di\'crsions in ll,c Lower R.i~ 
Grande W.iter ~faster l)istrict will promote expediletl lensing aml marl<ciing or w,ucr by · 
ensuring a high degree of accurncy in 1he detennimnion of actual water ust=, and by assis1Jt 
in Stale Engineer unulysis of impuimltl1t, pubhc wclforc and conscrv:llion issues; and '-' 

\Vll eRE,\S, this Order. as set Olll h~low, providing ror m e1l'sur~Clll and reponing I 
of gr01mdwater uses in the Lower .Rio Granllc Water 1\'lastt:r Oist.,Avill assist the S tntc 
Engineer i11 prrforming his st:1tuturr duti~s h) p1L,tet:l csii.<i11g w-46 righls, pl'On1~ 
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c~pcditcd lensing 1111d murkc1ing or wn1cr, cc.Ul'$Crvc wntcr, ~ml promote the µublic.; welfare by 
preventing the ovcr-;lppropriationt illcg.31 use and wasic of water, · 

NOW THf.REFORE, 1, John R. D'Antonio Jr. , Siate Engineer of the State uf New 
Mexico, do hereby onlcr metering of :ill groundwul('f lli\lcrsions by tot:ilizing flow meters in 
the Lower Rio Grande Wn1er M.islcr District, unless sr<..-cincnlly excluded below. J funher 
order that .111 metering devices be in place ond operational no later than March I. 2006. This 
date has been decided upon co provide adequate notice to groundwater right owllers tha1 
m\!tcrs arc now required, and to provide sufficicn1 time for their instollmion so as to ovoid 
h:1rdship. 1l1is First Anu.:nclt'd Metering Order am~mls the Metering Oruer dnted December 
J, 2004 . 

.OF.FINITION 01-'THF: LOWER IUO CRAl\'DE WA'l'.l!:R MASTER t>ISTfUCT: The 
Lower Rio Gmndc Wuter Mush:r District inclu\l~ all lunds within lh\! Lower Rio Grande 
Underground Water lb.sin, Hot Sraring.s Underground Wntcr Basin ancl las Animas Creek 
Underground Water Basin. 

METERING OF AI.L GROUNDWATF:R USES IN TII•; LOWER RIO CRANOE 
WATER MASTER DISTRJCT: A totoli1.ing Oow meter, in accord:mce with lhe sumdards 
set out in this Order, is required for e,·ery groundwaier well \\.'ilhin chc Lower Rio Gr,m<lc 
Water Moster District, wilh the cxccp1io11 of wells thlll serve only the household or domcslic 
uses of a single houschohl, ur the irrigntion of one ucrc of nom:ommcrcial trees, 1:iwn or 
~nlcn, or arc used for lhe sulc purpose or w:iterins livestock in 8 smzins opcrolion. 
Multiple water rishr owners divenins from a single shored point of diversion may elect to 
account for their diversion:; by applying one of the following procedures: 

l. ~foltiplc wmcr right owners may inslall unll maint:iin individual mcasurini:; 
device.s for each '"" ta right owner's scparulc diversions from the shored well, 
so 1hat e:ich metered use may b~ indi\•idunlJy monitored. 

2. In the nltcmnlh'c, mu ltiple water right owners m:1y enltr into a written well 
shoring ~grcemcnt signctl by all owners th:,t is acceptable to {he Stnte 
Engineer and tiled with the Srate .En~neer, :.uKI in which the owners obligate 
lhcmscl"cs to maintuin accurmc and timely records or all uivt:rsio11s from the 
well so Ihm the: \Voter Masi er cun identify easily, attd wid1oul :1mhi~ui1y. lhc 
owner or mvncrs responsible for ony illegal diversion or over dh·ersion from 
the well. Such wt:11 sharing agreement shall provide that, if an ille,gal 
diversion or over diversion is idcmified, nnd the owner rt!Spons iblc .for the 
illegal diversion or over dh•crsion c:inntH be easily idc.:nti lied without 
ambiguit>'· then all owners subject to the well sharing :igrcemcni sholl be 
join1ly und severally liable for the illegal di"~rsion or over dh·ersion ond its 
repayment o.nd penalty. if uny. Once an illegal diversion or O\'er diversion hns 
bi:1.'!u m:1dc by owners sigm,tory t<> t1 \\'Cll sharing uy~cmcm, the Sto.tc 
F.11~i11~r will require that :ill ownl.-n; subject lo that o.~rccmcni install S<.'.J)amtc 
meters for their separJIC diversions fmm the well. 
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Nothing h.:rf:in shult limit tru:i :mthori1y of the Stt1to En~1lc~r h:, rcquir\i, ot " later <.lat\:, thnt 
wntc, uses current ly e~cludeu rrom the requirements ofihis Order be metered. Nothing 
hcr~in shall limit the 3uthority of the Srntc Engineer to require specific types of meters as a 
condi,ion of approv3J for any pem1il grJnted l>y the State Engineer. A Ocr Morch l, 2006, no 
owners of brro11mhvah:r rights may divert from wcll!l covered by this Order unh:ss such wells 
nrc metered in nccordancc with the specifications described in this On1cr. 

INSTAIJ.ATION, MAINTENA~CF. AND REPAIR.: The waler right ownt:t shall be 
responsible for install ins, maintaining .ind repairing the ine1cr. The meter shall be insu1llctl 
in :iecord:mcc with the m:1nufactur~r's spe<:i fic:,tioni;. TIK: owner Shall keep the meter in 
good working order so a!i to provide a con1innou:; and accurate rocord of the amoum ofw,tter 
withdrnwn o, divert~d. ff the mete-r is broken, or not functioning in uccordancc with the 
specilicutions oflhis Order, diversion ofwo,cr from d1:1t well shnll be discontinued unl(SS 
cstimuu:s of tlivCl"Jion con be made by hour m<:tCr3 or clcctric::\I mtters u$SOciate(I with the 
well pump. F.stimalcs using d::ita from hour meters shnll he made based upon the listed pump 
cupncily. Broken or non-functioning meters must be repaired or replaced within 30 doys of 
the time the meter broke. 

REPORTING REQUIR.EMF.NTS: Within ten days oficr meter installation. the water right 
owner shall submit to the State Engineer a written record of the meters make, model , date of 
installation, initial r(:ading, units of measurement and multiplier (if ony), infonnalion 11.c; lo 

the prc:.ert~o of an hour meter or electrical meter nssocintcd with the well pump, .md the 
Office of the State Engineer file number for lhc well. The meter rcndings, :md readings from 
the hour meler or electrical meter associafed wilh lhe well pump, shall be reported on or 
before the 1cn1h day of January, April, July and October of each yt!ar. for the three preceding 
c.alendar mo11ths, unleGs otherwise ordered by the State t.:ngincer. 1 lowevcr, if .:s per111i1 ur 
license of ttu.: State Engineer require:,; more frequent rnctcr rcndings, the tenns nf the pcm1it 
or license shall control. 

All rcponing shull be either clcc1ronically, through u meter dnrn input system developed by 
the Office of lhc Staie En~inccr, or in w1iting on u fo,·11, ac<.:l-pt :'1btc to the St:ltc Engineer. 
ReportG shnll include the Office ofSt:\tC Engineer file number ror lhe well, dntcs of reading. 
units of mC3Surcmcnt and muhiplier, ifany. lf a meter is serviced, repaired or replaced, the 
owner :;hull rccotd the meter readings hcforc ond niter such .11:tions, and shull i11clull~ thost: 
rcatling:; in the wrillcn rc1>0rt for the quurtcr in which .'lcrvidng, rCJ)1ti1· <>r r(:))h11.~rne-nt 
occurred. 

All over divc:rsions of water made in one aceouming year shall be maJc up during the 
uccuuritiog rear following the y~:,r in which she o,·cr diversi\ln~ occurred. 

S'fANDARDS~ SPECI.FICATIONS AND GUIDEL!N.ES: each meter shall be of a type 
:icceptablt: to lhe Slate Engineer nnd shall he insuilh.:d. maintained and rc:paired to be 
opcrationol in u manner th~,, is !lcccpt:1blc to thi: Stole Engineer. The rotlowing minimum 
stn11dnrds apply to e;ich meter: 

!\. The meter shall be a tot.iliiing Jlow meter with a ralt.'d accurJcy of plus or minus 
two (2) p~rcen10Cac1unl l1ow. The ins1nllcd accurucy of1h~ mch:rund uuy 
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secondary equipment such as dntll recorders shall be within plus or minus lcn (10) 
percent of nctual flow. Thi.: meter shill! be factory calibrated or calibrated 
acc~:>nfing to industry stancfards upon installation, and shall be tesled for accuracy 
or re-<:alibrated at least once every three years 1hcrcaftcr. 

B. The meter shall bt: installed, inspected, mointained uml repaired according to the 
manufacturer's spccificali<>ns. 

C. The meter sltall contain sufficitnt recording digits to assure th'1t "roll over" lo 
zero docs not o«ur within a onc-)'car period. 

D. The meter register or display shall record total volume nnd in~antaneous now rate 
or be cupable or now rate calcuhuion, be non-rt:i:ctnbl<:, and tinvc a waterproof 
and mmpcrproorscal. 

E. There shnll be no diversions between the wcllhcnd and the meter. 

F. The meter sh:ill be in.stalled and muintuincd in such a manner ns to prevent meter 
error, for example, due to the pipe being incompletel)' filled with water at the 
location oflhu meter. 

0. The melt:r shall be installed :\nd 111:Jintoinc:d in $UC:h a ennnncr :is to prcvenl meter 
error due to 1he meter being too close to obstnictions in the discharge pipe, such 
as valves, pumps, bends in the pipe or chang~ in pipe inner diameter. The meter 
shall be installed at u dlc;tuncc of ot least 10 pipe diameters Jowm,1rcam, :md nt 
least five pipe dimneters upstn:arn from obstructions to flow, unless 
monufacturcr's installation instructions :specify a shoncr minimum run of struight 
pipe. 

H. The: meter shall be accessible for rc:1di11g, inspection :111d testing by n 
rcrrcscntntivc of the State Engineer. including o duly appointed Waicr Master. 

I. The units of measurement and the mulciplicr, if any, for determining the toinl 
amount of water diverted shall be indicated on the meter. 

The Me.1surcmm1 Specilicotion:; adopted by ,he State Engineer and the list of mclers lhat 
confonn to these specifications may be obrnincd from the District Office and may be found 
on the State Engin<:cr·s wet>she at www.osc.smtc.run.us. To install a mcwr that is not on the 
Stnle ·engini::tr' s 1 ist of confonnin~ mclt:r~ ri:(fui res that, prior to installation. the State 
Gnginccr or the \Vulcr Master dc1cm1inc thnt the meter meets the adopted McusurenH:nt 
Specifications and approve its insiallation. Any currently installed measuring devices not 
meeting these speciftci1tions must be replaced by March I, 2006. The Smte f.n~inccr may 
mudify these stMt.l:ircls, specifications and guidelines. or adopt ad1.Jltion:il suu1durds, 
sptcifo::Mions and g\1 idi:lini:.-; for meters :md for their instnllotion, repair :md m:iinten:mcc, or 
for othc:r ..altemo1ivc m~surcment melhods or dc,·ic¢S, which shall be on lik in his office. 

NM 002 1081 9 

TX_MSJ_001422



Sln"l•;RSF..SSTON R\' A COURT: Jn 1hc c~crcisc of his stolutocy t11Atln:1ri1y (o .mc<J3ur<: th~ 
pubJic watcl"6, the Slate P.ngin\.>t:r shuli conshkr this Order and an}' onh:n; entered by a court 
of competent jurisdiction re&ulnting tl)e use of groundw:ucr. When~ there is an)' 
inconsistency between this Oroer and the orders of a court of compctcntjurisdic1ion. the 
court's order shall cuntrol. 

VA JU i\NCrS: When the strir.t applic:iti(lli t"lf :\ny r,mvisio·n of this Orrlr.r wn·,1M he 
impr.it1icablc or would cause unreasonable bardstlip. the Siaie e"ginccr may. at his 
discr<tion, g.c~nt u variance: for n spcciiic insmncc. J)tovided :i written YC<;luCSt for ihc v.niancc 
is filed with tbe Stoic F.nginecr ;md the Stale Engineer finds Che request jus1Hiable. 
Alrcniatlvc methods or devices for meusurin~ water uses. and n1c1hods of lnst:111:uion. 
maintenance ,md repair lhat 1.k, .nul cunfonn to lhe minimum Sl,mdanls. Spcdficntjon:t und 
Guidelines of this OrJcr, ore nllowabJc only upon wriHen a\ltbori~ation from the State 
Engineer. 

MOl>ff'1CA'JION Of TJIIS O.ROtR: The Stute Ensinctr may. -1t hjssolc discre1io11; 
supplement or :u:nond this Order to :icco.mmod:.ite Ill')' f.Jlf.!t;Hic proposals to implement 
mclcring of ;ill groundwater cliversion!I in the l.l>\,·~r R.i(> Grundc Waler Master District 
submlltcd 10 him by :my cniit.y rcsponsib.le f()r compliance with, <1r o.~ciuring compli:i,,c<: with. 
,ht, provisiont: or ihis Order. 

£ffl!:CTIVE Oi\ Tl'~; Ttiis Ord~r !i!wl! b<;~Qmif cfli;~th•c on th~ dn1c of si,gnah,rc by the 
Stntc unginecr. NC> w:itcr shall hc div~rlc\l tl'Ym :u,y wcU in.the ,Lower ~.io Grnncte W~i<:r 

Master Oistritt ~0~ .Vl;m:)l 1, i006 qnl.;s;.; (tlc wi;tl is ecfuippcd wiih a fuoclion~I meter US 
required in this Order. 

WJTNF.SS my hand ond seal of my office this _Z.<2/4 day ofDt:ccmrn.:r, !OOS. 
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3
4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10
11 ******************************************************
12                   ORAL DEPOSITION OF
13                ADRIENNE L. WIDMER, P.E.
14                    FEBRUARY 5, 2019
15 ******************************************************
16

      ORAL DEPOSITION of ADRIENNE L. WIDMER, P.E.,
17 produced as a witness at the instance of the Plaintiff

State of Texas, and duly sworn, was taken in the
18 above-styled and numbered cause on February 5, 2019,

from 2:48 p.m. to 4:44 p.m., before Heather L. Garza,
19 CSR, RPR, in and for the State of Texas, recorded by

machine shorthand, at the offices of LAS CRUCES
20 UTILITIES, 680 North Motel Boulevard, Las Cruces, New

Mexico, pursuant to the Federal Rules of Civil
21 Procedure and the provisions stated on the record or

attached hereto; that the deposition shall be read and
22 signed.
23
24
25
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1               A P P E A R A N C E S
2 FOR THE PLAINTIFF STATE OF TEXAS:
3     Ms. Sarah A. Klahn

    Mr. Francis M. Goldsberry II (via telephone)
4     SOMACH SIMMONS & DUNN

    2701 Lawrence Street, Suite 113
5     Denver, Colorado 80205

    (720) 279-7868
6     sklahn@somachlaw.com
7 FOR THE DEFENDANT STATE OF COLORADO:
8     Mr. Chad Wallace (via videoconference)

    COLORADO DEPARTMENT OF LAW
9     1300 Broadway, 7th Floor

    Denver, Colorado 80203
10     (720) 508-6281

    chad.wallace@coag.gov
11

FOR THE DEFENDANT STATE OF NEW MEXICO:
12

    Mr. David A. Roman
13     ROBLES RAEL ANAYA

    500 Marquette NW, Suite 700
14     Albuquerque, New Mexico 87102

    (505) 242-2228
15     droman@roblesrael.com
16     -and-
17     Mr. Michael A. Kopp (via telephone)

    TROUT RALEY
18     1120 Lincoln Street, Suite 1600

    Denver, Colorado 80203
19     (303) 861-1963

    mkopp@troutlaw.com
20

    -and-
21

    Ms. Shelly L. Dalrymple
22     STATE OF NEW MEXICO

    SPECIAL ASSISTANT ATTORNEY GENERAL
23     130 S. Capitol Street

    Concha Ortiz Y Pino Building
24     Santa Fe, New Mexico 87504

    (505) 827-6150
25     shelly.dalrymple@state.nm.us
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1 FOR THE UNITED STATES::
2     Mr. James J. Dubois

    U.S. DEPARTMENT OF JUSTICE
3     999 18th Street, Suite 370

    Denver, Colorado 80202
4     (303) 844-1375

    james.dubois@usdoj.gov
5

    -and-
6

    Ms. Shelly Randel
7     U.S. DEPARTMENT OF THE INTERIOR

    1849 C Street NW
8     Washington, DC 20240

    (202) 208-5432
9     shelly.randel@sol.doi.gov
10

FOR CITY OF LAS CRUCES:
11

    Mr. Jay F. Stein
12     STEIN & BROCKMANN, P.A.

    505 Don Gaspar
13     Santa Fe, New Mexico 87505

    (505) 983-3880
14     jfstein@newmexicowaterlaw.com
15     -and-
16     Ms. Marcia B. Driggers

    LAS CRUCES CITY ATTORNEY'S OFFICE
17     700 North Main, Suite 3200

    Las Cruces, New Mexico 88004
18     (575) 541-2128

    marcyd@las-cruces.org
19
20 FOR ELEPHANT BUTTE IRRIGATION DISTRICT:
21     Ms. Samantha R. Barncastle

    BARNCASTLE LAW FIRM, LLC
22     1100 South Main, Suite 20

    Las Cruces, New Mexico 88005
23     (575) 636-2377

    samantha@h2o-legal.com
24
25
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1 FOR ALBUQUERQUE - BERNILLO COUNTY WATER UTILITY

AUTHORITY:

2

    Mr. James C. Brockmann

3     STEIN & BROCKMANN, P.A.

    505 Don Gaspar

4     Santa Fe, New Mexico 87505

    (505) 983-3880

5     jcbrockmann@newmexicowaterlaw.com

6

7 ALSO PRESENT:

8      Mr. Phil King

     Mr. Ryan Serrano

9      Ms. Cheryl Thacker

     Mr. Jorge Garza

10      Ms. Rhonda Diaz

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1                    EXAMINATION INDEX
2 WITNESS:  ADRIENNE L. WIDMER, P.E.
3 EXAMINATION                                       PAGE

    BY MS. KLAHN                                     7
4
5

 SIGNATURE REQUESTED                                90
6
7

 REPORTER'S CERTIFICATION                           91
8
9

                     EXHIBIT INDEX
10

                                                  PAGE
11  EXHIBIT 57                                7

    State of Texas's Notice of Deposition of
12     Adrienne Widmer
13  EXHIBIT 58                               17

    City of Las Cruces 40-Year Water
14     Development Plan
15  EXHIBIT 59                               26

    Appendix A LRG-430 Subfile Order
16

 EXHIBIT 60                               40
17     Appendix D Background on Surface-Water

    Resources
18

 EXHIBIT 61                               65
19     Subfile Order
20  EXHIBIT 62                               70

    New Mexico Office of the State Engineer
21     Application for Permit to Change an

    Existing Water Right
22

 EXHIBIT 63                               74
23     New Mexico Office of the State Engineer

    Water Right Summary WR File Number LRG
24     15667
25
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1  EXHIBIT 64                               74

    New Mexico Office of the State Engineer

2     Transaction Summary Transaction Number

    535237

3

 EXHIBIT 65                               77

4     Appendix H Return Flow Plan

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1                ADRIENNE L. WIDMER, P.E.,

2 having been first duly sworn, testified as follows:

3                 E X A M I N A T I O N

4 BY MS. KLAHN:

5     Q.   Good afternoon, Ms. Widmer.  May I call you

6 Adrienne?

7     A.   Yes.

8     Q.   My name is Sarah Klahn.  I'm here today

9 representing the State of Texas, and you're here for

10 your deposition.  Would you state your name and spell

11 it for the record, please?

12     A.   Sure.  Adrienne Widmer.  Adrienne is

13 A-D-R-I-E-N-N-E, last name Widmer, W-I-D-M-E-R.

14     Q.   And your work address, please?

15     A.   680 North Motel Boulevard, Las Cruces, New

16 Mexico.

17     Q.   And you're employed by the City of Las Cruces

18 Utility Department; is that correct?

19     A.   Yes.

20     Q.   Okay.

21               MS. KLAHN:  Would you mark that?

22               (Exhibit No. 57 was marked.)

23     Q.   (BY MS. KLAHN)  You've been handed Exhibit 57,

24 which is the State of Texas's notice of deposition of

25 Adrienne Widmer.  Have you -- have you seen that
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1 before?

2     A.   I believe so.

3     Q.   And you understand that you're here to give

4 testimony under oath in the original lawsuit, Texas

5 versus New Mexico?

6     A.   Yes.

7     Q.   Okay.  What is your title at the utility

8 department?

9     A.   Water administrator.

10     Q.   And how long have you been in that position?

11     A.   Since about November of 2013.

12     Q.   What did you do before that?

13     A.   I was the regulatory environmental services

14 and technical support administrator.

15     Q.   Also for the City of Las Cruces Utilities?

16     A.   Yes, ma'am.

17     Q.   And prior to that, what was your --

18     A.   I was the utility projects and the water

19 rights manager.

20     Q.   How many years have you worked for the

21 utility department here?

22     A.   Since August of 2006.

23     Q.   Okay.  Prior to 2006, August, 2006, where did

24 you work?

25     A.   Molzen-Corbin & Associates.
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1     Q.   What's that?

2     A.   That's an engineering and consulting firm.

3     Q.   And how long were you there?

4     A.   11-and-a-half years.

5     Q.   Okay.  Did that job with the engineering firm

6 involve water rights issues?

7     A.   Yes.

8     Q.   Did you work with clients on water rights

9 matters?

10     A.   In general, yes.

11     Q.   In general.  Is that the main focus of that

12 firm or do you do other kinds of -- did they do other

13 kinds of engineering?

14     A.   Other types of engineering.

15     Q.   Okay.

16     A.   The water rights was just happened to be

17 that -- it was more engineering.

18     Q.   How long were you with that private firm?

19     A.   11-and-a-half years.

20     Q.   Oh, I'm sorry.  You said that.

21     A.   That's okay.

22     Q.   1995 then about?

23     A.   I believe that.

24     Q.   Okay.

25     A.   Somewhere about then.
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1     Q.   Okay.  When did you graduate from college?

2     A.   December of 1991.

3     Q.   Okay.  What was your job between '91 and '95?

4     A.   I spent two years with the U.S. Army Corps of

5 Engineers in Sacramento and then when came back here,

6 I was pretty much an office manager for a produce

7 company.

8     Q.   What did you do for the Army Corps in

9 Sacramento?

10     A.   I was one of their rotational engineers.

11     Q.   What's that mean?

12     A.   They send you through different parts of the

13 district and then after your rotational internship,

14 then they put you where they think you are most apt to

15 be successful.

16     Q.   Did you get to the point where they put you

17 in a permanent spot?

18     A.   I got to the point where they offered me a

19 permanent spot.

20     Q.   Where was that?

21     A.   With the environmental section.

22     Q.   And you preferred to come back here

23 apparently?

24     A.   Yes.

25     Q.   Are you from Las Cruces?
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1     A.   Born in Albuquerque, raised in Cruces since I

2 was five.

3     Q.   Okay.  Did you go to NMSU?

4     A.   Yes.

5     Q.   What was your major?

6     A.   Civil engineering.

7     Q.   Any graduate experience?

8     A.   No.

9     Q.   So just so I don't ask you five times, you've

10 been in your current position since 2013, and prior to

11 that, you've been with the utilities since 2006?

12     A.   Yes.  But it was the end of 2013 for my

13 present position.

14     Q.   Okay.  All right.  Now, in -- when you joined

15 the utilities department in 2006, what was it about

16 the job that you applied for that was interesting to

17 you?

18     A.   The project management.

19     Q.   What kinds of projects were you managing?

20     A.   Water and wastewater.

21     Q.   Did you manage any water projects related to

22 the city's groundwater rights in -- during that time

23 period?

24     A.   I'm sorry.  I'm not sure I completely

25 understand your question.
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1     Q.   It wasn't a very precise question.  Just

2 trying to get at the -- when you say water and

3 wastewater, would that have -- let me ask it this way:

4 If there were, for example, wells -- municipal wells

5 drilled between 2006 and the end of 2013, is that

6 something that you would have been involved in?

7     A.   Yes.

8     Q.   How about applications filed with the Office

9 of the State Engineer, is that something that would

10 have gone across your desk?

11     A.   Yes.

12     Q.   How about applications with the Department of

13 the -- I'm not sure what the New Mexico agency is, but

14 the Department of Environmental Quality, whoever

15 permits wastewater, would you have dealt with those

16 kinds of issues in that position?

17     A.   Yes.

18     Q.   Okay.  So in making the switch from the

19 position you held in 2006 -- and I'm sorry -- tell me

20 what the title was again in 2006?

21     A.   The utility projects and water rights

22 manager.

23     Q.   Okay.  And in making that switch to your

24 current position, the title of which is?

25     A.   Water administrator.
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1     Q.   What -- how did your job responsibilities

2 change?

3     A.   I went from engineering to operations.

4     Q.   Okay.  So on a day-to-day basis, what kinds

5 of things are you doing that you didn't do in the

6 project and water rights manager position?

7     A.   Dealt with hands on.  So operations is water

8 production, waterline maintenance, meter valve

9 hydrants.  Those are the three subsections within

10 water, and water production is in charge of making

11 sure that the wells, pumps, motors, boosters, tanks,

12 PRVs are all in working order in order to provide

13 water to the system.  Waterline maintenance is in

14 charge of maintaining waterlines, service lines.  If

15 there is a break in the system anywhere, to get that

16 fixed, meter valve hydrants.  They install the meters.

17 They exercise and replace valves.  They exercise and

18 maintain fire hydrants, so engineering is calculating.

19 Operations is doing the work.

20     Q.   Do you make a -- are you the one that would

21 make a decision about which well field to pump from

22 for raw water supplies on a given day?

23     A.   No.

24     Q.   Who would make that decision?

25     A.   Our SCADA system, which is the supervisory
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1 control and data acquisition system.

2     Q.   So the system is programmed to make those

3 determinations, which well field to pump from on a

4 given day?

5     A.   Yes.

6     Q.   And who does the programming?

7     A.   That is a mixture of the operators and the

8 SCADA manager.  It's all dependent on which wells are

9 assigned to which tanks.

10     Q.   Who supervises those individuals?

11     A.   That would be the water production

12 supervisor.

13     Q.   Do you deal with the legal requirements for

14 the city's well permits?  In other words, do you

15 ensure that if the Office of the State Engineer has

16 imposed a limitation on pumping a particular water

17 supply in the City of Las Cruces, that those

18 limitations are abided by?

19     A.   Yes.

20     Q.   Can you give me an example of -- of something

21 recently that you've done in that respect where you've

22 had to look at the permit and direct somebody at

23 utilities, okay, we need to do it this way?  Does that

24 make sense?

25     A.   It'd be nice if you were a little more
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Adrienne L. Widmer , P.E. - February 5, 2019
Job No. 3169876

1 specific.

2     Q.   If -- can you -- let -- help me out with

3 this.  Is there a -- under the utilities water rights,

4 are you allowed to pump without regard to the quantity

5 associated with each well?

6               MR. STEIN:  I'm going to have to object.

7 Could you specify the water rights that you're talking

8 about?

9     Q.   (BY MS. KLAHN)  Well, I'm just trying -- I'm

10 really not trying to trap anybody.  I'm just trying to

11 get a sense of the type of decision making she does

12 with regards to the water sources that the city has?

13               MR. STEIN:  But they all have different

14 parameters.

15               MS. KLAHN:  I'm sure that's true.

16               MR. STEIN:  It's not one size fits all.

17               MS. KLAHN:  I'm sure that's true.  I'm

18 trying to get a sense of an example that she might be

19 able to think of that she's -- that Adrienne has dealt

20 with recently.

21               MR. STEIN:  So you're looking for a well

22 that might have a specific limit on it and how

23 compliance was undertaken by Adrienne?

24               MS. KLAHN:  Exactly.

25               MR. STEIN:  Okay.
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1               MS. KLAHN:  Just the pure kind of nuts

2 and bolts of that.

3     Q.   (BY MS. KLAHN)  Does that make sense?

4     A.   Yes.

5     Q.   Okay.

6     A.   So we can talk about Well 68 on the East

7 Mesa.  Staff was instructed to run it 24/7, because

8 the water rights specifically associated with that

9 particular well running that particular pump doesn't

10 produce enough water to ever exceed the permitted

11 amount so turn that -- turn it on.

12     Q.   Okay.  All right.  That's -- that is a good

13 example.  So in -- given that kind of day-to-day

14 experience, what has been your involvement with the

15 City's 40-year plan process?

16     A.   To review the 40-year plan.

17     Q.   For accuracy and completeness?

18     A.   In general.

19     Q.   Okay.  Anything else related to the 40-year

20 plan that would be within your scope, your job

21 description?

22     A.   Review and make comment.

23     Q.   Okay.  Now, in the 40-year plan, there's a

24 statement that the Shoemaker company, whatever they're

25 called -- sorry, Shoemaker & Associates put the plan
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1 together, I think it's something like under the

2 direction of Jorge Garcia, the director -- executive

3 director of the utilities department.  How would his

4 involvement in this 40-year plan differ from yours?

5     A.   I'm sorry.  You'll have to ask him.

6     Q.   So you --

7     A.   I know what my scope is.

8     Q.   So you don't know what Mr. Garcia's

9 involvement is with the master plan?

10     A.   He reviews everything.

11               MS. KLAHN:  Let's mark this 58.

12               (Exhibit No. 58 was marked.)

13     Q.   (BY MS. KLAHN)  Before I -- before I get into

14 that, what is the utility -- what is the city, the

15 utility's relationship with the Elephant Butte

16 Irrigation District?

17     A.   They're another agency.  When you

18 say "relationship" --

19     Q.   Does the utility department consider

20 itself -- I think I've seen this some place, I could

21 probably find it -- a member of EBID?

22     A.   I would say yes.

23     Q.   Why is that?

24     A.   Because the City of Las Cruces has surface

25 water rights.
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1     Q.   Surface water rights in the Elephant Butte

2 Irrigation District Project?

3     A.   Yes.

4     Q.   Do -- does the City use those surface water

5 rights for municipal purposes?

6     A.   For municipal purposes?

7     Q.   Correct.

8     A.   No.

9     Q.   Why not?

10     A.   From my understanding, it's because there

11 hasn't been an M&I agreement of some sort.

12     Q.   An agreement with who?

13     A.   I think between the city, EBID, and the

14 state, most likely.  I can't -- I can't say 100

15 percent sure.

16               MR. STEIN:  You're not required to

17 speculate --

18               THE WITNESS:  Okay.

19               MR. STEIN:  -- if you don't know.

20     Q.   (BY MS. KLAHN)  So let's take a look at the

21 Exhibit 58, which I just handed you.  I would ask you

22 to turn in here to Section 1.2.  We may come back to

23 the first part of this, but let's start with Section

24 1.2.  So the title of Section 1.2 is, "Develop

25 alternate supply."  And if you look at the second
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1 sentence there on Page 3, the sentence

2 reads, "Development of an alternate supply is

3 generally based on physical limitations and physical

4 legal/administrative constraints as opposed to

5 deficiency in the amount of existing water rights and

6 permits."  Do you see that?

7     A.   Yes.

8     Q.   Did I read it correctly?

9     A.   I believe so.

10     Q.   What does that mean?

11     A.   I think I would have to read the full Section

12 1.2 and contemplate it prior to answering that

13 question.

14     Q.   Is this one of the sections of the 40-year

15 water development plan that you would have been

16 involved in, review -- I forget what the words were

17 that you used that you -- accuracy and completeness?

18     A.   I'm not sure I understand the question.

19     Q.   Is this one of the sections of the 40-year

20 water development plan that you would have reviewed

21 for accuracy and completeness?  That was your

22 testimony earlier, that you reviewed the 40-year

23 master plan or at least some part of it, for accuracy

24 and completeness.  Is this section one of those?

25     A.   I don't believe I used the word accuracy or
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1 completeness.  I think I said that I reviewed it and

2 gave comment.

3     Q.   Is this a section that you would have

4 reviewed and given comments on?

5     A.   I don't recall.

6     Q.   This was completed in April of 2017, so

7 that's about two years ago.  And you don't -- at this

8 time as you sit here today, you do not recall what --

9 whether you give comments on this section or reviewed

10 it; is that correct?

11     A.   I don't believe that I gave comment on this

12 section.

13     Q.   Okay.  The second -- the sentence after that

14 says, "Potential legal/administrative constraints may

15 arise from the general stream adjudication or Texas v.

16 New Mexico and Colorado Original No. 141."  Do you see

17 that there?

18     A.   Yes.

19     Q.   What does potential legal/administrative

20 constraints mean in that sentence?

21               MR. STEIN:  Testify only if you recall

22 giving comments on that.

23               MS. KLAHN:  Well, that wasn't the scope

24 of the question.  I asked her whether or not she could

25 tell me what that means, whether she commented on it
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1 of it, you know what I mean, just in general.

2     Q.   Sure.  So you're saying in general, you

3 understand the Rio Grande to be a future potential

4 water supply, but you don't know what conditions would

5 have to be in place before the city would move forward

6 with the project like that?

7     A.   Okay.  Repeat that again, please.

8     Q.   Well, your answer was confusing, so I was

9 just trying to state what I think you meant, but maybe

10 it's better for you to say it yourself.  Do you know

11 what the considerations are that the city would

12 require to be in place before they would move forward

13 with the Rio Grande as an alternate water supply?

14     A.   I think I would need to research this one to

15 find out if they've delineated the factors associated

16 with it where it says, "Contingent on a number of

17 factors."

18     Q.   That's exactly my question.  You don't know

19 what the factors are, as you sit here today; is that

20 right?

21     A.   I believe that is correct.

22     Q.   Okay.

23               MS. KLAHN:  Let's mark this.

24               (Exhibit No. 60 was marked.)

25     Q.   (BY MS. KLAHN)  So you've just been handed
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1 Exhibit 60, but before we get into that, let me just

2 ask you to talk generally as the operations person.

3 What is your understanding of the most reliable water

4 supply that -- well, let me back up.

5          It's my understanding the city has three well

6 fields, at least three planned well fields; is that

7 correct?

8     A.   Yes.

9     Q.   The West Mesa, which hasn't been drilled, the

10 valley floor or LRG-430 wells, and the east side?

11     A.   Correct.

12     Q.   Jornada del Muerto?

13     A.   Jornada del Muerto.

14     Q.   Sorry.

15     A.   That's okay.  Tongue twister.

16     Q.   So those are the three supplies the city

17 relies on for -- sorry -- LRG-430 and the Jornada

18 supply are the two supplies the city currently relies

19 on; is that right, in terms of supplies?

20     A.   Can I ask him a question?

21     Q.   No.  That's the whole point of this.  If you

22 don't know, you don't know.  And if I -- if I used a

23 word that you don't agree with, clarify.

24     A.   Yeah.  I need you to kind of clarify.  Are we

25 only talking about these three aquifers that then are
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1 associated with LRG-430 --

2               MR. STEIN:  Let me --

3     Q.   (BY MS. KLAHN)  Yes?

4               MR. STEIN:  -- interject.  Are you

5 trying to get each source of groundwater supply for

6 the City of Las Cruces?

7               MS. KLAHN:  Yes.

8               MR. STEIN:  Tell her what each source of

9 groundwater supply for the City of Las Cruces is.

10     A.   So we have the valley wells.  Okay.  And then

11 on top of the valley wells, then we do have some East

12 Mesa wells, and then we do have some West Mesa wells,

13 which then also has a different West Mesa permit.

14 There are LRG-430 wells on the East Mesa.  There are

15 LRG-430 wells on the West Mesa.  We also purchased the

16 Jornada water system, and we purchased the Mesa

17 development water system, which also have wells

18 associated with those, so I want to make sure that I'm

19 not confusing what question you're trying to ask me.

20     Q.   (BY MS. KLAHN)  That's perfect.  That's very

21 helpful.  Thank you.

22     A.   Okay.

23     Q.   So of the -- when you're think -- and I'm

24 just trying to speak about this in the terms that you

25 think about them as the operations person, and that's
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1 why it's helpful to have you clarify it that way.

2 Thinking about things in terms of the operations

3 person for Las Cruces Water, what -- which of those

4 sources you just enumerated would you consider to be

5 the most reliable?  Reliable in the sense that you

6 know you can always go to that source, and you're

7 going to -- you're going to be able to get water.

8     A.   I would say all of those sources.

9     Q.   So they're all equally reliable in your -- in

10 your mind right now at least?

11     A.   In my mind, yes, they are.

12     Q.   Yeah.  And by "right now," like, in the

13 future, things could change, but as of today?

14     A.   I would say yes.

15     Q.   Okay.  And so the 40-year plan spends a fair

16 amount of its -- the -- fair amount of the 40-year

17 plan involves a discussion about alternate water

18 sources.  Why is there so much emphasis on alternate

19 water sources in the 40-year plan?

20     A.   In case they're ever needed.

21     Q.   Do you think you have enough current supply

22 based on your understanding of the aquifer levels and

23 so on, do you have enough current supply for the next

24 50 years in -- in the existing -- with the existing

25 portfolio of sources that you have?
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1     A.   We rely on the 40-year water development

2 plan, which has recommendations from professionals,

3 the geo-hydrologists, and we would be following what

4 the 40-year water development plan based on those

5 recommendations.

6     Q.   So if they say go look at water rights in the

7 Mimbres Basin to acquire for alternate supply, you

8 would go to the Mimbres Basin and look at water

9 rights?

10     A.   We would probably consider it.

11     Q.   When?  What would be the compelling event

12 that would cause you to take steps to go look at

13 alternate water supplies?

14               MR. STEIN:  Objection as to lack of

15 foundation that Ms. Widmer is the sole person to make

16 these decisions.  I mean, she has not testified that

17 she is.  Implementation of the 40-year plan is not the

18 problems of one person.

19     Q.   (BY MS. KLAHN)  You can answer.

20     A.   I would refer you to the utility director --

21     Q.   Okay.

22     A.   -- for that type of a -- of a question.

23     Q.   Okay.  So you've been handed Exhibit 60, and

24 this is Exhibit D from the 40-year plan, and the title

25 of it is background on surface water resources.  Is
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1 this a section of the 40-year plan that you would have

2 had an opportunity to review and comment on or at

3 least -- and if not the whole thing, are there any

4 parts of it that you would have reviewed and commented

5 on?

6     A.   I don't believe I made comment on this.

7     Q.   So the first section of this is what I'm

8 interested in, and that's D.1, and it's entitled

9 the, "Rio Grande Project."  Do you see that?

10     A.   Uh-huh.

11     Q.   What involvement as the operations person do

12 you have with the city's interest in the Rio Grande

13 Project?

14     A.   Could you please repeat the question again?

15     Q.   In your current professional position, what

16 involvement do you have with the city's interests --

17 let me back up.

18          Does the city own land and water rights in

19 the Rio Grande project under EBID?

20     A.   Yes.

21     Q.   What involvement do you have with those

22 interests in your current position?

23     A.   In my current position, I would approve to

24 pay the EBID assessment.

25     Q.   Okay.  If an EBID member came to you and said
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1          IN THE SUPREME COURT OF THE UNITED STATES

2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY

3

4  STATE OF TEXAS            )

                           )

5          Plaintiff,        )

                           )     Original Action Case

6  VS.                       )     No. 220141

                           )     (Original 141)

7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )

8                            )

         Defendants.       )

9

10

THE STATE OF TEXAS :

11 COUNTY  OF  HARRIS :

12     I, HEATHER L. GARZA, a Certified Shorthand

13 Reporter in and for the State of Texas, do hereby

14 certify that the facts as stated by me in the caption

15 hereto are true; that the above and foregoing answers

16 of the witness, ADRIENNE L. WIDMER, P.E., to the

17 interrogatories as indicated were made before me by

18 the said witness after being first duly sworn to

19 testify the truth, and same were reduced to

20 typewriting under my direction; that the above and

21 foregoing deposition as set forth in typewriting is a

22 full, true, and correct transcript of the proceedings

23 had at the time of taking of said deposition.

24          I further certify that I am not, in any

25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular

2 employ of this attorney; and I certify that I am not

3 interested in the cause, nor of kin or counsel to

4 either of the parties.

5

6          That the amount of time used by each party at

7 the deposition is as follows:

8          MS. KLAHN - 02:20:43

         MR. STEIN - 00:00:00

9          MR. ROMAN - 00:00:00

         MR. DUBOIS - 00:00:00

10          MS. BARNCASTLE - 00:00:00

         MR. BROCKMANN - 00:00:00

11          MR. WALLACE - 00:00:00

12

         GIVEN UNDER MY HAND AND SEAL OF OFFICE, on

13 this, the 25th day of February, 2019.

14

15                   <%16770,Signature%>

                  HEATHER L. GARZA, CSR, RPR, CRR

16                   Certification No.:  8262

                  Expiration Date:  12-31-19

17                   VERITEXT LEGAL SOLUTIONS

                  Firm Registration No. 571

18                   300 Throckmorton Street, Suite 1600

                  Fort Worth, TX 76102

19                   1-800-336-4000

20

21

22

23

24

25
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CITY OF LAS CRUCES 
40-YEA R W A'I['-IE R D EVE UI P M ENT PLAN 

EXECUTIVE SUMMARY 

The City of Las Cruces is in the Mesilla Basin along the Rio Grande, and extends into the 

West Mesa area on the edge of the Mesilla Basin, and into the East Mesa area in the southern part 

of the Jornada del Muerto Basin (Fig. 1). The Mesilla Basin and Jornada del Muerto Basin 

represent two sub- basins within the Lower Rio Grande Basin. The City relies on groundwater 

from its Valley and West Mesa Well Fields in the Mesilla Basin, and East Mesa Well Field in the 

Jornada del Muerto Basin, for its potable water supply (Fig. 2). The groundwater supply is 

produced from the Quaternary -age river valley alluvium, and the thick, unconsolidated 

Quaternary- to Tertiary -age Upper and Middle Santa Fe Group basin -fill sediments (Fig. 3). 

Wastewater is treated at the City's Jacob A. Hands wastewater treatment facility, East 

Mesa water reclamation facility, and West Mesa wastewater treatment plant (Fig. 2). The Jacob 

A. Hands wastewater treatment facility also receives wastewater from other water systems in the 

Mesilla and Jornada del Muerto Basins, and the East Mesa water reclamation facility also receives 

wastewater from other water systems in the Jornada del Muerto Basin. Treated effluent from the 

Jacob A. Hands wastewater treatment facility is discharged as return flow to the Rio Grande. The 

East Mesa water reclamation facility produces very high quality reclaimed (Class A) water for 

landscape irrigation, and the West Mesa wastewater treatment plant produces reclaimed water 

used for sprinkler -irrigation of native vegetation in the West Mesa Industrial Park. 

Groundwater diversions for Las Cruces Utilities water supply represent only 6.5 percent of 

total metered groundwater diversions in the Lower Rio Grande Basin (Fig. 4; NMOSE, 201 6a; 

NMOSE, 2016b; 2011 to 2015 average). The majority of groundwater diversions are for irrigated 

agriculture, at about 84 percent of total metered groundwater diversions. In terms of both 

groundwater and surface water demand, groundwater diversions for Las Cruces water supply 

represent only 4.5 percent of the total water demand in the Lower Rio Grande water planning 

region (NMISC, 2016; 2010 data). If Las Cruces' return flow to the Rio Grande is considered, 

then Las Cruces water supply represents only 2.6 percent of the total regional water demand. 

Moreover, the City's priority date of 1905 for its LRG -430 et al. water rights is both pre - 

Project and pre -Rio Grande Compact, thus providing it with the right to affect surface flows of the 

Rio Grande. 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER- RESOURCE AND ENVIRONMENTAL CONSULTANTS 
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Figure 2. Schematic illustration of City of Las Cruces water supply, and water and 
wastewater system. 
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Figure 4. Chart summarizing groundwater diversions in 

the Lower Rio Grande Basin, 2011 to 2015. 

Tmplementation of the City's water development plan will benefit the people of Las 

Cruces by providing a safe and reliable water supply while limiting water waste, optimizing 

efficiency of water use, preventing pollution of water supply, and remediating contaminated 

groundwater. The City's water development plan is consistent with the following principles 

defined by consensus by the National Groundwater Association (NGWA): 

"Groundwater sustainability: The development and use of groundwater 
resources to meet current and future beneficial uses without causing 
unacceptable environmental or socioeconomic consequences." 

"Resilience: The capacity of a groundwater (or water -resources) system 
to withstand either short -term "shocks" (e.g., drought) or long -term 

change (e.g., climate change). When discussing resilience, the 
timeframc under consideration should be defined. Resilience applies to 

both water quantity and quality and may be an important concept as part 
of groundwater sustainability." 

"Adaptive management: A staged decision- making approach to long -term 

groundwater (water -resources) management with an aim to reducing 
uncertainty over time via system monitoring." 
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Las Cruces Utilities (LCU) will develop and maintain a sustainable water supply for 

City of Las Cruces over the next 40 years by: 

Using existing groundwater rights and permits in the Mesilla Basin and 
Jornada del Muerto Basin 

Developing thresholds for water quality and quantity, beyond which 
alternate water supply must be developed 

Developing an alternate water supply 

Practicing proactive conservation 

Monitoring water resources 

Las Cruces' principal goal is to continue to beneficially use its existing water rights 

from its LRG -430 et al. well field and to perfect and beneficially use the water rights from its 

East Mesa and West Mesa well fields and to protect its right to do so in court proceedings and 

in its interaction with other water users in the Lower Rio Grande Water Users' Organization. 

Development of an alternate supply is necessary due to water -level declines, and the 

transition to groundwater pumping from storage. Groundwater pumping from storage, also 

referred to as groundwater mining, is occurring in the shallow part of the aquifer in the Mesilla 

Basin due to a shortage of surface water and increased pumping for irrigated agriculture. 

A shortage of surface water also has implications for the City's ability to use return flow to 

meet streamflow offset requirements associated with groundwater permits, due to conditions 

on the use of return flow associated with the City's LRG -430 et al. water right. Thus, 

development of an alternate water supply is generally based on physical limitations, as 

opposed to deficiency in the amount of existing water rights and permits. 

Water -level trends in the Mesilla Basin and the southern Jornada del Muerto Basin are 

being monitored under the City's water -level monitoring program. Water -level declines must be 

managed in order to avoid eventual irreversible subsidence and compaction of the aquifer, which 

would result in diminished capacity for aquifer recharge. Water -level declines may also be 

accompanied by a decrease in groundwater quality. Thus, the timing of development and 

implementation of alternate supply will be based on the threshold of irreversible subsidence, 

water quality thresholds, and appropriate warning indicators, within and beyond the 40 -year 

planning timeframe. Figure 3 illustrates the threshold of irTeversible subsidence as defined for the 

Mesilla Basin and Jornada del Muerto Basin. The need to consider alternate supplies may also be 

triggered by legal constraints arising from Texas v. New Mexico & Colorado, Original No. 141. 
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Importation of groundwater, aquifer storage and recovery with reclaimed water, and 

development of deep brackish -water wells and desalination, have been identified as potential 

sources for alternate supply. Sources for importation evaluated for potential implementation 

within the 40 -year planning period include groundwater from the Corralitos Basin, Nutt - 

Hockett Basin, Mimbres Basin, or Salt Basin. These potential sources of alternate supply are 

considered in this Plan, and would need to be reviewed by the New Mexico Office of the State 

Engineer prior to determination of a policy direction from the LCU Board. 

PROJECTED GROWTH 

Las Cruces' low- and medium - growth population projections are referenced from City 

planning documents; the high -growth projection of 2.4- percent annual growth reflects 

historical average growth. Planning according to the historical average rate will allow LCU to 

perfect the water rights in the place -of -use area. However, LCU recognizes that there is some 

overlap with areas served by other utilities and place -of -use of water rights from other utilities, 

such as Moongate Water Company. Considering high growth and water conservation, the 

demand served by LCU would increase to 44,207 acre -feet per year (ac -ft/yr) by 2055. 

WATER CONSERVA Ä'tOi`d GOALS 

Las Cruces has and continues to refine the implementation and practice of its Water 

Conservation Program. Las Cruces is implementing its Water Conservation Program 

proactively and systematically, and in a manner appropriate to the conditions and needs of the 

community. The City is utilizing the highest and best technology available and economically 

feasible for the intended use to ensure conservation of water to the maximum extent practical. 

It may not be possible to meet the City's water demands by conservation alone, in the case that 

current and future activities in the Lower Rio Grande Basin pose challenges to using existing 

rights and permits to meet demand. 

Las Cruces' goals for gallons per capita day (GPCD) water use will be met by the 

continued practice of the Water Conservation Program. Las Cruces has the goal of reducing 

total GPCD water use to 140 GPCD by 2055, by reducing single- family residential GPCD, 

working with industrial, commercial, and institutional customers, conservation at City 

facilities, and by reducing non -revenue water to 9 percent of diversions. It should be noted 

that this GPCD goal does not yet apply to customers of the former Jornada Water Company, 

recently acquired by LCU; water use data for the former Jornada Water Company are currently 

inadequate to determine a realistic GPCD goal for these customers. 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER -RESOURCE AND ENVIRONMENTAL CONSULTANTS 

TX_MSJ_001462



JSAI ix 

CONTENTS 
Page 

EXECUTIVE SUMMARY ii 

PROJECTED GROWTH viii 

WATER CONSERVATION GOALS viii 

1.0 WATER -SUPPLY DEVELOPMENT PLAN 1 

1.1 Introduction 1 

1.2 Develop Alternate Supply 3 

1.3 Rio Grande Surface Water Will Not Be Pursued for Alternate Supply 4 

1..4 Potential Sources for Alternate Supply 5 

1.4.1 Importation of Groundwater from the Corralitos, Nutt -Hockett, or 
Mimbres Basins 5 

1.4.1.1 Institutional Constraints 7 

1.4.1.2 Technical Feasibility 8 

1.4.1.3 Capital and Operating Costs 8 

1.4.1.4 Environmental Impacts 9 

1.4.1.5 Potential Amounts of Water Available 10 
1.4.2 Importation of Groundwater from the Salt Basin 11 

1.4.2.1 Institutional Constraints 11 

1.4.2.2 Technical Feasibility 12 

1.4.2.3 Capital and Operating Costs 12 

1.4.2.4 Environmental Impacts 12 

1.4.2.5 Potential Amounts of Water Available 13 

1.4.3 Aquifer Storage and Recovery with Reclaimed Water 13 

1.4.3.1 Institutional Constraints 14 

1.4.3.2 Technical Feasibility 14 

1.4.3.3 Capital and Operating Costs 14 

1.4.3.4 Environmental Impacts 15 

1.4.3.5 Potential Amounts of Water Available 15 

1.4.4 Deep Brackish Wells and Desalination 15 

1.4.4.1 Institutional Constraints 16 

1.4.4.2 Technical Feasibility 16 

1.4.4.3 Water Quality 16 

1.4.4.4 Capital and Operating Costs 17 

1.4.4.5 Environmental impacts 17 

1.4.4.6 Potential Amounts of Water Available 17 

1.5 Timeline for Implementation of Alternate Supply 18 

1.5.1 Drawdown Threshold 18 

1.5.2 Drawdown Warning Indicator 18 

1.5.3 Water Quality Threshold 19 

1.5.4 Groundwater Level Declines 20 
1.6 Planning for Several Possible Future Scenarios 21 

2.0 WATER RIGHTS AND WELLS 22 

2.1 LRG -430 et al. Wells in the Valley 28 
2.2 LRG -430 et al. Wells on the West Mesa 28 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER- RESOURCE AND ENVIRONMENTAL CONSULTANTS 

TX_MSJ_001463



CONTENTS 
page 

2.3 LRG -430 et al. Wells on the East Mesa 28 
2.4 LRG -3283 through LRG -3285 and LRG -3288 through LRG -3296, 

Wells on East Mesa 28 
2.5 LRG-3275-POD1 through LRG- 3275 -POD7, Wells on the West Mesa 29 
2.6 LRG -389, .I -RG -399 and LRG -5818 et al. Permits in the Valley 29 
2.7 LRG -5039 et al., Mesa Development Acquisition, Wells on the East Mesa 30 
2.8 LRG -47 et al., LRG -48 et al., LRG -50 et al., LRG -1882 et al., and LRG -4278, 

Jornada Water Company Acquisition, Wells in the Valley and on the East Mesa 30 
2.9 Water -Level Monitoring Program 30 
2.10 NMSU -Las Cruces Water Agreement 31 

2.11 Legal Issues and Constraints 3i 
2.11.1 Rio Grande Project Operating Agreement and Texas v. New Mexico 

and Colorado 32 
2.11.2 Rio Grande Adjudication 37 
2.11.3 Return Flow Discussion 40 
2.11.4 Water Banking Discussion 40 

3.0 WATER DEMAND PROJECTIONS 42 

3.1 Population Projections 42 
3.2 Goals for Total Gallons Per Capita Per Day Water Use 45 
3.3 Goals for Single -Family Residential Gallons Per Capita Per Day Water Use 49 
3.4 Water Demand Projections 51 

3.5 Non- Revenue Water 53 

4.0 WA'T'ER CONSERVATION 56 

4.1 Introduction 56 
4.2 Baseline Water Conservation 58 

4.2.1 Water Conservation Program 58 
4.2.1.1 Reporting 58 
4.2.1.2 Education and On -line Resources 58 

4.2.1.3 Working with City Departments 59 
4.2.1.4 Indoor Water Efficiency 59 

4.2.1.5 Outdoor Water Efficiency 59 
4.2.1.6 Compliance 59 
4.2.1.7 Planning 60 
4.2.1.8 Ordinances and Regulations 60 

4.2.2 Water Conservation Ordinance 60 
4.2.3 Design Standards and Storm Water Ordinances 60 
4.2.4 Water Reclamation 61 

4.2.5 Water Rates 61 

4.2.6 Sustainability Program 61 

4.3 Water Conservation Plan 62 
4.4 Meeting Total GPCD Goals 63 

5.0 REFERENCES 64 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER- RESOURCE AND ENVIRONMENTAL CONSULTANTS 

TX_MSJ_001464



JSAI xi 

TABLES 

page 

Table 1. Summary of City of Las Cruces water rights and permits 23 

Table 2. Summary of existing City of Las Cruces wells 24 

Table 3. Existing and planned City of Las Cruces wells and associated NMOSE 
file numbers 25 

Table 4. City of Las Cruces population projections 42 

Table 5. City of Las Cruces total GPCD projections 48 

Table 6. Comparison of City of Las Cruces total GPCD goal with other water systems 
in southern New Mexico 49 

Table 7. City of Las Cruces single- family residential GPCD water use 50 

Table 8. City of Las Cruces water demand projections 51 

Table 9. American Water Works Association (AWWA) water balance .54 

Table 10. City of Las Cruces non -revenue water and total water losses 54 

Table 11. Summary of City of Las Cruces 5 -Year Capital Improvement Program for 
water and wastewater rehabilitation 55 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER- RESOURCE AND ENVIRONMENTAL CONSULTANTS 

TX_MSJ_001465



JSAI xii 

ILLUSTRATIONS 

page 

Figure 1. Map of the Mesilla Basin and southern part of the Jornada del Muerto Basin 
showing City of Las Cruces. iii 

Figure 2. Schematic illustration of City of Las Cruces water supply, and water and 
wastewater system. iv 

Figure 3. Schematic southwest -to- northeast hydrogeologic cross- section of City of 
Las Cruces area, after Hawley and Kennedy (2004). v 

Figure 4. Chart summarizing groundwater diversions in the Lower Rio Grande Basin, 
2011 to 2015. vi 

Figure 5. Map of City of Las Cruces area showing the East Mesa, West Mesa, and 
Valley Well Fields, and existing wells and permitted well locations 2 

Figure 6. Map of southern New Mexico showing potential sources for alternate supply for 
the City of Las Cruces. 6 

Figure 7. Illustration of Lower Rio Grande Basin water balance based on the groundwater 
flow model prepared by SSPA (2007). 38 

Figure 8. Schematic illustration of City of Las Cruces return flow accounting 41 

Figure 9. Graph showing City of Las Cruces historical and projected population growth, 
and percent annual growth, 1960 to 2055. 43 

Figure 10. Chart showing City of Las Cruces current and projected total and single -family 
residential gallons per capita per day (GPCD) water use, 2015 to 2055. 46 

Figure 11. Chart showing City of Las Cruces average (2009 to 2015) total and single- family 
residential gallons per capita per day (GPCD) water use by month. 47 

Figure 12. Chart summarizing City of Las Cruces average (2010 to 2014) water use. 50 

Figure 13. Graph showing City of Las Cruces projected water demands for 2015 to 2055 
under low to high growth rate scenarios, City's total existing adjudicated water 
rights, and existing permits. 52 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER -RESOURCE AND ENVIRONMENTAL CONSULTANTS 

TX_MSJ_001466



JSAI 

Appendix A. 

Appendix B. 

Appendix C. 

Appendix D. 

Appendix E. 

Appendix F. 

Appendix G. 

Appendix H. 

Appendix I, 

Appendix J. 

Appendix K. 

Appendix L. 

Appendix M 

Appendix N. 

Appendix O. 

Appendix P. 

Appendix Q. 

xiü 

APPENDICES 

(follow text) 

LRG -430 Subfile Order 

LRG -3283 through LRG -3285 and LRG -3288 through LR.G -3296 
East Mesa Permits 

LRG -3275 et al. West Mesa Permit 

Background on Surface -Water Resources 

Background Hydrogeology of the Mesilla Basin 

Background Hydrogeology of the Jornada del Muerto Basin 

Existing Wells 

Return Flow Plan 

LRG -389 and LRG -399 Permit Approval and Water Rights Transfers 

LRG -5818 et al. Permit, Southwest Environmental Center Water Use 
Under LRG -5818 et al. 

LRG -5039 et al. Permit 

NMOSE GPCD Calculator Spreadsheet, version 2 -05, with Las Cruces 
data from 2009 to 2015 

. Climate 

Water Distribution /Production Standard Operating Procedure on hydrants 
Flushing, Las Cruces Utilities (LCU) Red Water Fact Sheet 

Drought and Water Emergency Response Plan 

Water Conservation Ordinance, water rates, and Water Conservation Plan 

LRG -47 et al., LRG -48 et al., LRG -50 et al., LRG -1 882 et al., and 
LRG -4278 Permits 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER- RESOURCE AND ENVIRONMENTAL CONSULTANTS 

TX_MSJ_001467



CITY OF LAS CRUCES 
40-YEAR WATER DEVELOPMENT PLAN 

LO WATER- SUPPLY DEVELOPMENT PLAN 

1.1 Introduction 

The City of Las Cruces is in the Mesilla Basin along the Rio Grande, and extends into 

the West Mesa area on the edge of the Mesilla Basin, and into the East Mesa area in the 

southern part of the Jornada del Muerto Basin. The City relies on groundwater from. its Valley 

and West Mesa Well Fields in the Mesilla Basin, and well fields on the East Mesa in the 

Jornada del Muerto Basin, for its potable water supply. Figure 5 shows the City's existing 

wells. Wastewater is treated at the City's Jacob A. Hands wastewater treatment facility, East 

Mesa water reclamation facility, and West Mesa wastewater treatment plant. Treated effluent 

from the Jacob A. Hands wastewater treatment facility is discharged as return flow to the 

Rio Grande. 

Groundwater diversions for Las Cruces water supply represent only 6.5 percent of total 

metered groundwater diversions in the Lower Rio Grande Basin (see Fig. 4; NMOSE, 2016a; 

NMOSE. 2016b; 2011 to 2015 average). In terms of both groundwater and surface water 

demand, groundwater diversions for Las Cruces water supply represents only 4.5 percent of 

the total water demand in the Lower Rio Grande water planning region (NMISC, 2016; 2010 

data). If Las Cruces' return flow to the Rio Grande is considered, then Las Cruces water 

supply represents only 2.6 percent of the total regional water demand. Moreover, the City's 

priority date of 1905 for its LRG -430 et al. water rights is both pre -Project and pre -Rio Grande 

Compact, thus providing it with the right to affect surface flows of the Rio Grande. 

Las Cruces 40 -year water development plan has been prepared by John Shomaker & 

Associates, Inc. (JSAI) under the supervision of Las Cruces Utilities (LCU), and Utilities 

Director, Dr. Jorge Garcia. Implementation of the water development plan will benefit the 

people of Las Cruces by providing a safe and reliable water supply for residential, institutional, 

commercial, industrial, and recreational uses, and firefighting. The plan also aims to limit water 

waste, optimize efficiency of water use, prevent pollution of water supplies, and remediate 

contaminated groundwater. 
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1.2 Develop Alternate Supply 

Las Cruces Utilities (LCU) will develop and maintain a sustainable water supply for the 

City of Las Cruces over the next 40 years by developing an alternate water supply in addition to 

using existing groundwater rights and permits. Development of an alternate water supply is 

generally based on physical limitations and potential legal/administrative constraints, as opposed 

to deficiency in the amount of existing water rights and permits. Potential legal /administrative 

constraints may arise from the general stream system adjudication or Texas v. New Mexico and 

Colorado, Original No. 141. Development of an alternate supply is necessary due to water -level 

declines in the Mesilla and Jornada del Muerto Basins, and the transition to groundwater pumping 

from storage. Groundwater pumping from storage, also referred to as groundwater mining, is 

occurring in the shallow part of the aquifer in the Mesilla Basin duc to a shortage of surface water 

and increased pumping for irrigated agriculture. 

A shortage of surface water also has implications for the City's ability to use return flow 

to meet streamflow offset requirements associated with groundwater permits, due to conditions on 

the use of return flow associated with the City's LRG -430 et al. water right. Return flow 

associated with LRG -430 et al. cannot be consumptively used, or used to fulfill offset 

requirements associated with other permits, when Elephant Butte Irrigation District's (EBID's) 

surface -water irrigation allotment is less than 2 acre -feet per acre. The City's existing portfolio of 

groundwater rights and permits is intended to be used in combination, with depletions from 

pumping under the West Mesa permit offset by return flows associated with the LRG -430 et al.. 

right and the East Mesa permits (Appendices A, B, and C). If return flows from LRG -430 et al. 

cannot be used for offsets, or if LRG -430 et al. and East Mesa pumping must be curtailed due to 

water -level declines, this poses challenges to using existing rights and permits to meet demand. 

Water -level trends in the Mesilla Basin and the southern Jornada del Muerto Basin are 

being monitored under the City's water -level monitoring program, and declines must be managed 

in order to avoid eventual irreversible subsidence and aquifer compaction, which would result in 

diminished capacity for aquifer recharge. Water -level declines may also be accompanied by a 

decrease in groundwater quality. There is evidence for accelerating water -level declines in the 

Jornada del Muerto Basin, as can be expected as a result of pumping and low- permeability 

boundaries within the aquifer. In the Mesilla Basin, inactive City supply wells monitored by the 

City, and observation wells monitored by the USGS, also show declines. Some of these declines 
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in the Mesilla Basin appear to be accelerating in response to increased pumping for irrigated 

agriculture and diminished short -term recharge. Farmers will likely deepen wells in the Mesilla 

Basin in years to corne, thereby accelerating declines in the deeper part of the aquifer in which 

City wells are completed. The New Mexico Universities Working Group on Water Supply 

Vulnerabilities (2015) indicates that "the Mesilla Valley aquifer may no longer have the capacity 

to provide a reliable, supplemental supply during extended drought conditions and with the 

current levels of intensive use of groundwater." This statement refers to extended drought 

conditions such as those experienced in Las Cruces area in the 1960s, and 2009 through 2014; 

periods with consecutive years of below- average annual precipitation. The "current levels of 

intensive use of groundwater" refers to the increased pumping for irrigated agriculture in the 

shallow part of the aquifer in the Mesilla Basin. 

1.3 Rio Grande Surface Water Will Not Be Pursued for Alternate Supply 

Due to current and projected availability of surface water in the Rio Grande, LCU will not 

pursue efforts to develop this source as an alternate water supply at this time; any future 

of developing this source would be contingent on a number of factors. The Upper 

Rio Grande Impact Assessment (BOR, 2013) indicates that supplies from all native water sources 

to the Rio Grande are projected to decrease by an average of about one third overall. Projections 

show increased variability in flows on a monthly and annual basis in the future. Climate change 

modeling for the region indicates earlier snowmelt runoffs and warmer average temperatures, 

leading to increased variability in the magnitude, timing, and spatial distribution of streamflow. 

The New Mexico Universities Working Group on Water Supply Vulnerabilities (2015) 

indicates that the Rio Grande has in recent years exhibited earlier peak flows and diminished 

streamflow efficiency, defined as the volume of downstream snowmelt runoff per unit of winter 

precipitation. They recommend that water managers consider the full range of NRCS (Natural 

Resources Conservation Service) predicted flows, "in this regard we note the dismal 10% of 

average at the low end of the range of projected flows at San Marcial." Appendix D provides a 

description of surface -water resources. 

The volume of water stored in Elephant Butte Reservoir upstream of Las Cruces 

decreased precipitously between 2000 and 2004, is now about one -quarter of what it was between 

1985 and 1999, and is projected to continue to decrease (BOR, 2013). 
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1.4 Potential Sources for Alternate Supply 

Importation of groundwater from nearby basins, aquifer storage and recovery with 

reclaimed water, and development of deep brackish wells and desalination, have been identified 

as potential sources for alternate supply. Sources for importation evaluated for potential 

implementation within the 40 -year planning period include groundwater from the Corralitos 

Basin, Nutt -Hockett Basin, Mimbres Basin, or Salt Basin (Fig. 6). The NMOSE has declared the 

Lower Rio Grande, Nutt- Hockett, Mimbres, and Salt Underground Water Basins; the Corralitos 

Basin is part of the Lower Rio Grande Underground Water Basin. Sources for alternate supply in 

the Corralitos Basin, Nutt- Hockett Basin, and Mimbres Basin would likely take the form of a 

transfer of leased or purchased water rights, whereas the source for alternate supply in the Salt 

Basin may take the form of a new appropriation. The New Mexico Office of the State Engineer 

(NMOSE) has not forbidden transfers across basin boundaries, and there are many instances in 

which this practice of groundwater importation is occurring. Currently, there are several pending 

applications before the NMOSE for major interbasin transfers. 

In the sections below, potential sources for alternate supply are discussed in broad, 

qualitative terms of institutional constraints, technical feasibility, capital and operating costs, 

environmental impacts, and potential amounts of water available. This discussion is not intended 

to be a rigorous analysis of feasibility, but is intended to provide useful information for initial 

prioritization of potential sources. 

1.4.1 Importation of Groundwater from the Corralitos, Nutt- Hockett, or 
Mimbres Basins 

The Corralitos, Nutt- Hockett, and Mimbres Basins lie to the west of Las Cruces (Fig. 6). 

Importation of groundwater from these basins holds potential in the case that groundwater 

becomes available for lease or purchase within the 40 -year planning period. 

The Corralitos Basin is within 4 miles of Las Cruces Airport, and would therefore not 

require a major extension of LCU infrastructure. The Corralitos Basin contains unconsolidated 

sediments of the Quaternary -to- Tertiary -age Santa Fe Group, up to about. 300 ft thick (JSAI, 

2004). Water columns in wells typically range from 50 to 150 ft. Well yields up to 1,000 gallons 

per minute (gpm) have been reported. Little water quality data are available for groundwater in 

the Corralitos Basin; based on available data, total dissolved solids (TI)S) concentrations may 

exceed the secondary (aesthetic- related) drinking water standard of 500 milligrams per liter 

(mg/L) in some wells. The Corralitos Basin is a sub -basin of the Lower Rio Grande, and 

groundwater flows across low - permeability boundaries of . the sub- basin. 
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The Nutt- lfockett Basin is located about 14 miles northwest of the Corralitos Basin, and 

contains up to 500 ft of unconsolidated sediments of the Quaternary-to- Tertiary -age Santa Fe 

Group and Tertiary -age volcanic rocks (JSAI, 2004). Well yields up to 3,000 gpm have been 

reported. Groundwater quality is relatively good, although arsenic concentrations may be 

elevated above the primary drinking water standard of 0.010 mg/L in some wells. Groundwater 

in the Nutt -Hockett Basin generally flows to the northeast towards the Rio Grande. 

The Mimbres Basin lies west of the Corralitos Basin. The basin area covers more than 

4,000 square miles. Deming, New Mexico, in the central part of the Mimbres Basin, is about 

50 miles west of Las Cruces. The Mimbres Basin is filled with up to 2,400 ft of poorly - 

consolidated sediments of the Quaternary -to- Tertiary -age Gila Conglomerate; the thickest 

deposits are near Deming (JSAI, 2006b). Wells for municipal use and irrigated agriculture in 

the Deming area yield hundreds of gpm to 1,000 gprn. Groundwater in the Gila Conglomerate 

aquifer in the Mimbres Basin is generally of good quality, although brackish groundwater does 

occur in the southeastern part of the basin, southeast of the Deming area (Hanson et al., 1994). 

1.4.1..1_ l nstitutional Constraints 

As mentioned above, the NMOSE has not forbidden transfers across basin boundaries, 

and groundwater importation remains feasible from a water- rights permitting standpoint. Water 

rights permit applications for the Corralitos, Nutt -Hockett, or Mimbres Basin would likely take 

the form of transfer of existing groundwater rights. In the case of the Corralitos and Nutt -Hockett 

Basins, existing groundwater rights associated with irrigated agriculture may become available 

for lease or purchase, and in the case of the Mimbres Basin, existing groundwater rights 

associated with irrigated agriculture or mining -related industrial use may become available for 

lease or purchase. If groundwater rights associated with irrigated agriculture are transferred, the 

amount available for transfer is limited to the consumptive use (irrigated acreage multiplied by 

the consumptive irrigation requirement (CIR)). 

From the infrastructure and right-of-way (ROW) standpoint, pipeline infrastructure would 

primarily cross BLM lands and State lands in the parts of the basins in Doña Ana County. There 

are significant areas of private lands in the parts of the Nutt -Hockett and Mimbres Basins in Luna 

County, to the west of Doña Ana County. The SunZia Southwest Transmission Project appears 

to have successfully negotiated ROW for above -ground transmission lines on BLM and 
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State lands, and minor areas of private lands, in Luna County in 2015. Interstate highway ROW 

along Interstate -10 between Las Cruces and Deming, or railroad ROW between Las Cruces and 

Delving and between Deming and Hatch, could potentially be utilized for pipelines from the 

Mimbres and Nutt -Hockett Basins. 

1.4.1.2 Technical Feasibility 

Insight on technical feasibility of groundwater importation via pipeline may be gained by 

reviewing the Eastern New Mexico Rural Water System (also referred to as the Ute Pipeline 

Project), a 151 -mile -long proposed pipeline project designed to provide municipal and industrial 

water supply to several communities and Cannon Air Force Base in eastern New Mexico, a 

combined population of 73,000 (Widdison, 2015). Construction of this project began recently 

due to depletion of potable groundwater resources in the region, and it represents an example of 

an existing project for comparison. 

Particularly applicable may be a phase of the Ute Pipeline Project referred to as the Interim 

Groundwater Pipeline (IGWP), designed to provide interim water supply by leasing or purchasing 

agricultural water rights until the project extends to Ute Reservoir, the ultimate water source for 

the Ute Pipeline Project. Construction of the IGWP began in 2015 with an estimated 10 -year 

construction timeframe to supply 4,849 ac -ft/yr via a 97.5 -mile pipeline, whereas the total project 

is to be constructed within a 25 -year timeframe and supply 16,450 ac -ft/yr (ENMWUA, 2015). 

Building pipeline infrastructure to the Corralitos Basin is likely the most technically 

feasible because the Corralitos Basin is within 4 miles of Las Cruces Airport. Building pipeline 

infrastructure to the Nutt- Hockett Basin would be similarly technically feasible; the Nutt -Hockett 

Basin is located about 14 miles northwest of the Corralitos Basin. In the case of the Corralitos 

Basin and Nutt- Hockett Basin, insight on technical feasibility may be gained by reviewing the 

development of infrastructure to convey groundwater from Las Cruces' East Mesa Well Field for 

municipal water supply. 

1.4.1.3 Capital and Operating Costs 

Insight on capital costs may be gained by reviewing the Ute Pipeline Project's IGWP. 

The IGWP includes about 97.5 miles of pipeline to be constructed within a 10 -year timeframe to 

supply 4,849 ac -ft/yr. Capital costs to build the IGWP are estimated at $105.1 million (2015 

dollars; ENMWUA, 2015), or about $1.1 million per mile when divided by 97.5 miles. 

JOHN SHOMAKER & ASSOCIATES, INC.. 
WATER- RESOURCE AND ENVIRONMENTAL CONSULTANTS 

TX_MSJ_001475



QD SA 11. 9 

Capital costs could be significantly higher for a pipeline project that involves booster 

pump stations and other infrastructure considerations required by large elevation differences. 

The IGWP includes at least three booster pump stations across an area with relatively 

moderate elevation change of 600 ft. Capital costs could vary significantly depending on 

whether pipeline may be installed by trenching, ripping, or blasting. 

Capital costs for a well field and pipeline project in the Corralitos, Nutt- Hockett, and 

Mimbres Basins would also include services related to well field development (in the case that 

well rehabilitation or replacement is needed), permitting, and system engineering and design. 

Operating expenses would include energy, chemicals, labor, routine maintenance and 

repairs, and debt payment for capital costs of construction; other expenses such as 

replacements, expansions, and new technology would be minimal in the early years of project 

operation. Operating expenses associated with energy may be reduced in the case that 

renewable energy resources are developed in combination with the project, as is becoming 

increasingly common with new water projects. 

1.4.1.4 Environmental Impacts 

An Environmental Assessment would be required for a project involving federal lands, 

influence, funding, or agency actions, and would need to consider the impacts of the proposed 

action and alternatives. The Environmental Assessment would evaluate impacts on the 

affected environment and resources, which could include water resources, soils and geologic 

resources, land cover and vegetation, grazing, wildlife, cultural resources, socioeconomic 

resources, environmental justice, land use, energy requirements, transportation, air quality, 

climate change, and visual resources. 

Environmental Assessment, Biological Assessment, and issuance of "Finding of No 

Significant Impacts" was a 3 -year process in the case of the Ute Pipeline Project (Widdison, 

2015). Environmental Assessment was an approximately 5 -year process in the case of the 

SunZia Southwest Transmission Project (Scoping Report dated April 2010, U.S. Bureau of 

Land Management (BLM) Record of Decision (ROD) dated January 2015), and an 8 -year 

process in the case of the Alamogordo Regional Water Supply Project (Scoping Report dated 

April 2005, BLM ROD dated August 2012). 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER -RESOURCE AND ENVIRONMENTAL CONSULTANTS 

TX_MSJ_001476



ISM IO 

1.4.1.5 Potential Amounts of Water Available 

In the case of the Corralitos Basin, irrigation of 635 acres with 1,905 ac -ft/yr has been 

declared under NMOSE File No. LRG -468 et al. in the southeastern part of the Corralitos 

Basin. Relatively high transmissivities have been interpreted for the LRG -468 et al. wells, but 

the aquifer to the north and south of this zone appears to have lower transmissivity, indicating 

that high transmissivity may be localized in the basin (JSAI, 2004). Although a CIR of 

1.92 ac -ft/ac was established for the water right in the 1993 temporary transfer LRG -468 -A, 

the Rio Grande Adjudication has established a CIR of 2.6 ac -ft/ac for future transfers to non - 

irrigation purposes of use that shall apply to all irrigated acreage in the Lower Rio Grande. 

Thus, the maximum transfer associated with the water right would likely be 1,651 ac -ft /yr. It 

should be noted that a 2002 application to transfer 1,000 ac -ft/yr was withdrawn, possibly due 

to a letter from the State Land Office claiming that the water rights were appurtenant to State 

Trust Lands, and the applicant did not have the State Land Commissioner's consent to sever 

the water rights from Trust Lands. 

In the case of the Nutt- Hockett Basin, the potential amounts of water available would 

likely be limited based on the quantity of agricultural groundwater rights that may become 

available for lease or purchase. Pumping for irrigated agriculture in the Nutt -Hockett Basin 

was estimated by the NMOSE to be 17,185 ac -ft/yr in 2010 (NMOSE, 2013), of which 

13,493 ac -ft/yr was consumptively used (net pumping). The actual quantity of agricultural 

groundwater rights that may become available for lease or purchase would likely be 

significantly less than the net pumping associated with agricultural rights, as the area has a 

strong tradition of growing high -value crops such as chile, which will likely be preserved and 

continue. 

In the case of the Mimbres Basin, the potential amounts of water available would likely 

be limited based on the quantity of agricultural groundwater rights that may become available 

for lease or purchase primarily in the area near Deming. Net pumping for irrigated agriculture 

in the Mimbres Basin in Luna County was estimated by the NMOSE to be 24,879 ac -ft /yr in 

2010 ( NMOSE, 2013), although a portion of that likely occurred near the New Mexico - 

Mexico border, The NMOSE estimated an additional 29,553 ac -ft/yr of surface water from the 

Mimbres River consumptively used for irrigation in Luna County in 2010. 
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JSAI has estimated net pumping for irrigated agriculture in the Deming area of the 

Mimbres Basin to range from 12,000 to 18,000 ac -ft/yr between 2006 and 2015 based on 

irrigated acreage evident in historical aerial photographs and a CIR of 1.80 ac -ft per acre. 

In the Mimbres Basin, groundwater rights associated with mining -related industrial use 

may also become available for lease or purchase primarily in the area northwest of Deming, in 

Grant County. Pumping for mining use in Grant County was estimated by the NMOSE to be 

7,882 ac -ft/yr in 201.0 (NMOSE, 2013). 

1.4.2 Importation of Groundwater from the Salt Basin 

The Salt Basin lies to the east of Las Cruces (Fig. 6). Importation of groundwater from 

the Salt Basin holds potential as a joint project based on geography and major facilities in the 

area; the Salt Basin boundary is 35 to 40 miles from White Sands Missile Range (WSMR) 

Post Headquarters, which is in turn about 20 miles from Las Cruces. 

The Salt Basin is one of the few remaining groundwater basins in New Mexico that 

contains large undeveloped areas, and groundwater recharge to the basin has been estimated at 

about 60,000 ac -ft /yr (JSAI, 2010). The Salt Basin spans about 5,095 square miles and straddles 

the New Mexico -Texas border, with about 43 percent of the basin area in New Mexico and 

57 percent of the basin area in Texas. The Salt Basin aquifer is composed of carbonate rocks and 

alluvium -filled structural basins. The alluvium and fractured and karstified carbonate rocks have 

high permeability, and are surrounded by lower permeability bedrock. The majority of pumping 

in the basin has occurred close to the New Mexico -Texas border near Dell City, Texas. The New 

Mexico State Engineer declared the Salt Underground Water Basin in 2002 in an effort to 

regulate development by investors planning to import water from the Salt Basin to the El Paso 

metropolitan arca. 

1.4.2.1 Institutional Constraints 

As mentioned above, the NMOSE has not forbidden transfers across basin boundaries, 

and groundwater importation remains feasible from a water rights permitting standpoint. Water 

rights permit applications for the Salt Basin may take the form of a new appropriation of 

groundwater. The New Mexico Interstate Stream Commission (NMISC) has filed applications to 

appropriate 90,000 ac -ft /yr based on the NMISC's interest in reserving the groundwater resource 

for potential future development for meeting interstate compact obligations on the Rio Grande 

and the Pecos River, or for use by New Mexico communities (Widdison, 2013). Importation of 

groundwater from the Salt Basin by Las Cruces would potentially be aligned with the NMISC's 
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interests and the intent of their existing application, as Las Cruces' treated effluent is discharged 

as return flow to the Rio Grande, and Las Cruces' water sources in the Lower Rio Grande would 

be replaced with the Salt Basin source. 

From the infrastructure and ROW standpoint, pipeline infrastructure would primarily 

cross federal lands, and would involve cooperation from agencies including WSMR (U.S. Army). 

An example of a similar ROW project is the SunZia Southwest Transmission Project, the 2015 

approval of which was contingent on burial of segments of transmission lines in order to mitigate 

impacts to military operations at WSMR. 

1.4.2.2 Technical Feasibility 

insight on technical feasibility of groundwater importation via pipeline may be gained 

by reviewing the Ute Pipeline Project's Interim Groundwater Pipeline (IGWP), as discussed 

above in Section 1.4.1.2. Construction of the IGWP began in 2015 due to depletion of potable 

groundwater resources in the region, and it represents an example of an existing project for 

comparison. 

1.4.2.3 Capital and Operating Costs 

Insight on capital costs may be gained by reviewing the Ute Pipeline Project's IGWP, as 

discussed above in Section 1.4.1.3. Capital costs for a Salt Basin well field and pipeline project 

would also include services related to well field development, permitting, and system engineering 

and design. 

Operating expenses would include energy, chemicals, labor, routine maintenance and 

repairs, and debt payment for capital costs of construction; other expenses such as replacements, 

expansions, and new technology would be minimal in the early years of project operation. 

Operating expenses associated with energy may be reduced in the case that renewable energy 

resources are developed in combination with the project, as is becoming increasingly common 

with new water projects. 

1.4.2.4 Environmental Impacts 

As discussed above in Section 1.4.1.4, an Environmental Assessment would be required 

for a project involving federal lands, influence, funding, or agency actions, and would need to 

consider the impacts of the proposed action and alternatives. Environmental Assessment, 

Biological Assessment, and issuance of "Finding of No Significant Impacts" for this type of 

project would likely be a three- to 8 -year process. 
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1.41.2.5 Potential Amounts of Water Available 

Groundwater recharge to the Salt Basin has been estimated at 60,000 ac -ft/yr, with about 

87 percent of recharge in the New Mexico part of the basin and about 13 percent of recharge in 

Texas (JSAI, 2010). Recharge to the Salt Basin occurs by direct infiltration of precipitation in 

areas at higher elevations and areas of fractured rock, and infiltration of storm -water runoff into 

drainage channels, including the Sacramento River drainage, and alluvial fans. This estimate of 

60,000 ac -ft/yr is in general agreement with a number of studies that present estimates ranging 

from about 55,000 to 100,000 ac -ftlyr (Bjorklund, 1957; Ashworth, 1995; Mayer, 1995; JSAI, 

2002; Ilutchison, 2008; DBSA, 2010). A recent study presents a much lower estimate of 6,000 to 

12,000 ac -ft/yr based on environmental tracers (Sigstedt et al., 2016), but the discrepancy 

between this estimate and earlier estimates is unclear and the study does not include a discussion 

of their estimate in the context of the hydrogeologic conceptual model and basin water balance 

established by previous studies, or water -level trends. The range of water -availability estimates 

are bracketed on the high end by the estimated maximum sustainable yield of 150,000 ac -ftlyr 

(Livingston Associates, 2002). 

The majority of pumping in the basin has occurred in the Texas part of the basin near 

Dell City, Texas. Net pumping was estimated at 89,000 ac- ft /yr, on average, between 1948 

and 2009 (JSAI, 2010; this estimate is considered to be somewhat high). Net pumping in the 

New Mexico part of the basin has been estimated by the NMOSE to range from 1,580 and 

10,130 ac -ft /yr between 1980 and 2010 (NMOSE New Mexico water use by categories series 

technical reports, e.g., NMOSE, 2013). 'l'he NMTSC has applied to the NMOSE to appropriate 

a total of 90,000 ac -ft /yr from three applications (Widdison, 2013). The applications remain 

pending, and have received protests. 

1.4.3 Aquifer Storage and Recovery with Reclaimed Water 

The East Mesa water reclamation facility is used to collect wastewater from interceptors 

serving the East Mesa, High Range, and Sonoma Ranch areas, and produces very high quality 

reclaimed water for landscape irrigation, dust suppression, and supply to purple hydrants for fire 

suppression (Fig. 5). Important customers include the Sonoma Ranch Golf Course, Veteran's 

Park, Sagecrest Park, the closed Foothills Landfill, the City compost operation, Las Cruces Dam 

Environmental Restoration Project, and Centennial High School. Peak summer demand fiom the 

facility is about 700,000 gallons per day; however, the facility must ramp down in winter when 

there is very little demand for the water. The City has permits to discharge to a nearby arroyo, but 

that has been found to be unpopular with the public and is therefore not considered a practicable 
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option. Ramping down the facility each year poses operational issues, as the treatment system 

functions best with relatively consistent flow, as opposed to large seasonal fluctuations. Thus, 

reclaimed water produced from the East Mesa water reclamation facility during the winter 

represents a source that is not fully utilized and is a potential source for alternate supply. 

LCU would like to utilize this source for alternate supply through an aquifer storage and 

recovery (ASR) project with well injection. Several City wells are located in close proximity to 

the reclaimed water pipeline, and could potentially be converted to injection wells. However, 

the current regulatory environment poses major challenges that may prohibit such a project. 

Treating the water to be injected to drinking -water quality, as would probably be required, is 

cost -prohibitive for LCU at this time. LCU is open to exploring other levels of treatment, with 

cooperation and support from regulatory agencies; for example, treatment that would decrease 

nitrate concentrations might be sufficient. LCU may also explore options for permitting disposal 

wells that would allow for injection, and applying to the NMOSE for potential return flow credit. 

1.4.3.1 Institutional Constraints 

New Mexico State agencies have regulatory processes for ASR and injection wells, and 

several ASR projects are in progress in New Mexico. Although the current regulatory 

environment poses permitting challenges, as ASR projects gain momentum in New Mexico 

and elsewhere in the U.S., regulations may be reviewed and modified for a more streamlined 

process and variances based on hydrogeologic conditions. 

1.4.3.2 Technical Feasibility 

The technical feasibility of ASR depends on aquifer characteristics, and the capacity of 

the aquifer to store water at the proposed ASR project site. In general, the technical feasibility 

of ASR using injection wells in appropriate areas has been demonstrated by projects in the 

U.S. and abroad. The Mesilla Basin and Jornada del Muerto Basins have been recognized as 

having excellent potential for ASR (Hawley, 2016). 

1.4.3.3 Capital and Operating Costs 

Capital costs may include modification of existing wells or completion of new wells as 

injection wells. Capital costs would also include services related to permitting, and system 

engineering, design, and testing. The capital costs of an ASR project with reclaimed water may 

be the lowest overall capital costs among the potential sources for alternate supply discussed in 

Section 1.4 of this Plan. Factors increasing capital costs of an ASR project would include the 

need to complete new wells, and the need to treat water to be injected, to drinking -water quality. 
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1.4.3.4 Environmental Impacts 

In the case of ASR and injection wells, the primary focus of environmental impacts 

assessment would likely be assessment of impacts on groundwater in the project area. 

Disturbance of the landscape would be minimal compared to the groundwater importation and 

pipeline projects discussed in the sections above, and the project may be executed wholly on 

City -owned lands. 

1.4.3.5 Potential Amounts of Water Available 

The East Mesa water reclamation facility has a capacity of 1,000,000 gallons per day 

(about 1,121 ac- ft /yr). Average water reuse diversions for the winter months November 

through March represent about 58 percent of average water reuse diversions for the summer 

months April through October (2011 to 2015 data), and reflect the lack of demand for 

reclaimed water during the winter months. Under -utilization of the facility in the winter 

months equates to about 340 ac- ft /yr, based on data from 2011 to 2015. Thus, the potential 

amounts of water from an ASR project based on current capacity of the East Mesa water 

reclamation facility are relatively small compared to potential amounts of water available from 

groundwater importation projects discussed in the sections above. 

1.4.4 Deep Brackish Wells and Desalination 

Deep brackish groundwater resources where the top of the aquifer is more than 2,500 ft 

deep and the water has total dissolved solids (TDS) concentrations in excess of 1,000 milligrams 

per liter, represent a potential source for alternate supply (JSAI, 2008). Las Cruces filed Notice of 

Intent (NOI) for an estimated 5,000 ac -ft/yr of production from selected locations on City -owned 

lands on the East Mesa prior to passage of legislation in 2009 in which NMSA 72 -12 -25 was 

amended to give the Slate Engineer jurisdiction over these resources for municipal supply 

(Fig. 6). A technical memorandum prepared by Daniel B. Stephens & Associates, Inc. (DBSA, 

2015) evaluates desalination, the process of physically removing dissolved solids from water for 

potable consumption, in Las Cruces. 

Major limitations to developing deep brackish wells and a desalination project include the 

costs to drill and complete deep wells, to pump water from great depth, and to build, operate, and 

maintain a desalination treatment plant, and dispose of brine concentrate. The cost of 

constructing a deep well may be more than $500 per foot. Operation and maintenance for a 

desalination plant would potentially increase the cost to produce drinking water by three to five 

times (DBSA, 2015). 
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Concerns unique to inland desalination projects include uncertainty regarding the 

magnitude of the resource, issues relating to water treatment for constituents in groundwater such 

as silica, and disposal of brine concentrate (Thomson, 2016). If brine concentrate is to be 

disposed of via deep well injection instead of evaporation ponds, there arc major costs associated 

with permitting, construction, testing, and operation of injection well(s), and construction of 

infrastructure to convey concentrate to the injection well(s). Pipeline construction materials costs 

alone would be significant, as materials must be able to withstand highly- corrosive brine 

concentrate. It is possible that the water treatment cost component could decrease in the future, if 

membrane technology becomes cheaper, but significant costs related to permitting, construction, 

materials, and operation and maintenance would remain. 

Due to the significant costs associated with developing deep brackish -water wells and a 

desalination project, this alternative is ranked as the last potential source for alternate supply 

within the 40 -year planning period, after groundwater importation. 

1.4.4.1 Institutional Constraints 

In order to minimize the potential for institutional constraints, the City filed NOIs for 

locations on City -owned lands prior to passage of legislation in 2009 in which NMSA 72 -12 -25 

was amended to give the State Engineer jurisdiction over these resources for municipal supply. 

1.4.4.2 Technical Feasibility 

The technical feasibility of deep brackish wells and desalination in appropriate areas 

has generally been demonstrated by projects in the U.S. and abroad. Within relatively close 

proximity to Las Cruces, the joint desalination facility operated by El Paso Water Utilities and 

Fort Bliss represents the world's largest inland desalination plant. 

Technical feasibility is particularly complex for inland desalination projects in which 

the magnitude of the resource is uncertain, water treatment must address constituents in 

groundwater such as silica, and disposal of concentrate is a major issue. 

1.4.4.3 Water Quality 

TDS concentrations for the target deep aquifer may range from 1,500 to 7,500 mg/L due 

to water -rock interactions (ISM, 2008). Sulfate concentrations may be high due to dissolution of 

gypsum, and concentrations of dissolved metals may be high due to high heat flow, volcanic 

rocks, and mineralization in the area. As mentioned above, water treatment for silica in 

groundwater is another concern unique to inland desalination projects. 
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1.4.4.4 Capital and Operating Costs 

Capital costs would include completion of new deep brackish wells and possibly 

injection wells depending on the method chosen for disposal of brine concentrate, and 

construction of a desalination treatment plant. Las Cruces' NOI on the East Mesa considers five 

wells, each completed to a depth of 5,000 to 6,000 ft. As mentioned above, the cost of 

constructing a deep well may be more than $500 per foot, and possibly as high as $1,000 per 

foot. Capital costs would also include services related to permitting, and system engineering, 

design, and testing. 

Operating costs associated with deep brackish wells and desalination would likely 

represent the highest operating costs among the potential sources for alternate supply discussed 

in Section 1.4 of this Plan. Operating costs would include costs to pump water from great depth, 

operate and maintain a desalination treatment plant, and dispose of brine concentrate, in 

addition to operating costs common to other groundwater projects, such as energy, chemicals, 

labor, routine maintenance and repairs, and debt payment for capital costs of construction. 

1.4.4.5 Environmental Impacts 

In the case of deep brackish wells and desalination, the primary focus of environmental 

impacts assessment would likely be assessment of impacts on groundwater and surface water 

in the region. The lateral extent of disturbance of the landscape would be less than the 

disturbance created by the groundwater importation and pipeline projects discussed in the 

sections above, and the project may be executed wholly on City -owned lands. If evaporation 

ponds are the method chosen for disposal of brine concentrate, environmental impacts 

assessment associated with air quality, wildlife, and the potential for contamination of the 

vadose zone, groundwater, and the land surface, would be significant. 

1.4.4.6 Potential Amounts of Water Available 

Las Cruces' NOI on the East Mesa includes an estimate of total production of 

5,000 ac- ft /yr. The joint desalination facility operated by El Paso Water Utilities and Fort 

Bliss has the capacity to produce up to 27.5 million gallons of fresh water per day (about 

30,825 ac- ft/yr), which likely represents the current upper limit on capacity of a state -of -the -art 

inland desalination facility. 
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1.5 Tiinelitie for Implementation of Alternate Supply 

The timeline for implementation of an alternate supply will likely be based on a 

threshold related to physical supply, such as a drawdown threshold not to be exceeded due to 

potential for irreversible subsidence and aquifer compaction. A water quality threshold would 

also need to be considered; as water -level declines may be accompanied by a decrease in 

groundwater quality, to the point that water treatment may be necessary for the existing 

supply. There is also a possibility that the threshold may take the form of a water -resources 

management threshold, as discussed in Section 2.11. 

1.5.1 Drawdown Threshold 

The maximum drawdown threshold, or threshold of irreversible subsidence, has been 

established for Las Cruces based on the method presented by Heywood (1992), which is based 

on the difference between present elevations in the Rio Grande Valley and bordering mesa areas. 

This difference is representative of the net overburden removed by the cycle of erosion and re- 

aggradation between the mid -Pleistocene and Holocene. The change in effective stress is 

estimated to occur at a calculated freshwater hydraulic head decline of [1.2 times the thickness 

of eroded overburden]. At Las Cruces, this thickness is based on the elevation change between 

the airport on the West Mesa at an elevation of about 4,450 ft above mean sea level (amsl), and 

Fairacres (North Fairacres Road) at an elevation of about 3,900 ft ams1, or about 550 ft. 

Multiplied by 1.2, the change in effective stress would occur at a decline of 660 ft from pre - 

development heads for Las Cruces water supply wells in the Valley of the Mesilla Basin (Fig. 3). 

The change in effective stress could occur at a significantly lower decline on the East and 

West Mesas, as Heywood (1992) notes, "the preconsolidation stress threshold for overlying late 

Pleistocene or Holocene fluvial sediments and Bolson sediments outside the Rio Grande Valley 

may be significantly lower as it is for analogous sediments elsewhere (Holzer, 1981)." 

1.5.2 Drawdown Warning Indicator 

A drawdown warning indicator should be developed in order to ensure protection of the 

aquifer in the case that the drawdown threshold is approached, and to trigger actions towards 

alternate supply. Las Cruces' water -level monitoring program, described in Section 2.9, will 
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provide the data to indicate whether the drawdown threshold is being approached. A drawdown 

warning indicator could be defined based on trends or changes observed in the water -level 

monitoring dataset, such as: 

Increase in 5- or 10 -year running average water -level decline rate, such 

that the decline rate, if sustained, would lead to water -level declines 

approaching the drawdown threshold near the end of the 40 -year planning 

period. 

Acceleration of the rate of water -level decline, such that the acceleration 

rate, if sustained, would lead to water -level declines approaching the 

drawdown threshold near the end of the 40 -year planning period. 

The drawdown warning indicator may require a certain level of statistical significance or 

confidence to avoid a false indication due to variance or noise in the dataset. The drawdown 

warning indicator may require that trends or changes he observed in a certain number of wells, 

or a specific set of wells designated as sentinel wells or representative of a substantial part of the 

total water supply. 

The period of record for Las Cruces' water -level monitoring program is now long 

enough that long -term water -level trends are emerging for the majority of wells included in the 

program (JSAI, 2016); however, another 5 or 10 years of continued monitoring may be required 

to achieve the statistical significance required for a drawdown warning indicator. 

1.5.3 Water Quality Threshold 

Groundwater -level declines approaching the drawdown threshold may be accompanied 

by a decrease in groundwater quality. At the point that the quality of the existing supply has 

deteriorated to the point that treatment is needed, it may become more practical to implement 

an alternate supply. In terms of total dissolved solids (TDS), although the secondary 

(aesthetic -related) drinking water standard is 500 mg /L, the threshold would likely be closer to 

1,000 mg/L. Existing Las Cruces water -supply wells typically produce water with TDS 

concentrations ranging from 300 to 500 mg/L, with occasional TDS results as high as 

900 mg /L. TDS concentration of 1,000 mg/L typically represents the lower limit of waters 

defined as "brackish." The drawdown threshold will likely be reached prior to the TDS 

threshold in Las Cruces area of the Mesilla Basin (see Fig. 3); therefore it may be more 

reasonable to tie the water -quality threshold to a constituent other than TDS. 
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The TDS threshold is a major issue of discussion in the Mesilla Basin south of Las 

Cruces, near the border with Texas and Mexico. By some estimates, a T_ )S threshold may be 

reached within 10 to 15 years in that area. Other estimates indicate that there is enough fresh 

water to meet demand for the next two decades in that area (Albuquerque Journal Editorial 

Board, 2016). Due to the TDS threshold issue in the region, it is important to consider 

development of alternate supply with deep brackish wells and desalination for long -range 

planning, even though such a project may currently have a low ranking in terms of potential 

alternate supply due to associated costs (see Section 1.4.4, above). In a recent article 

discussing groundwater development in the Mesilla Basin, the manager of EBID made 

reference to the "West Mesa aquifer" containing "50 million acre -feet of economically 

extractable water, less brackish than the water being extracted in east El Paso" (LeCompte, 

2016). It is unclear what potential undeveloped groundwater resource is being referred to as 

the "West Mesa aquifer" in the article, in terms of location and depth, but it does not appear to 

coincide with the City's West Mesa Well Field as described in this Plan. 

The water -quality threshold may also be tied to concentrations of naturally -occurring 

uranium in groundwater in Las Cruces arca of the Mesilla Basin. Seven City wells in the 

Mesilla Valley (Wells 10, 19, 20, 21, 24, 38, and 44) are not currently in service due to 

elevated naturally- occurring uranium concentrations in groundwater. 'l'he primary drinking 

water standard for total uranium is 30 micrograms per liter, which would represent the 

threshold beyond which water treatment is needed. 

1.5.4 Groundwater Level Declines 

Decline from pre- development heads is on the order of 40 to 50 ft, and current rates of 

decline are on the order of 1 to 2 ft /yr, for Las Cruces wells in the Valley of the Mesilla Basin, 

based on pre -development heads as presented in JSAI (2006a) and recent water levels (JSAI, 

2016). Appendix E presents hydrographs for selected wells in the Mesilla Basin. Rates of 

decline appear to be accelerating in a number of wells in the Mesilla Basin (e.g., Figs. E12, 

E14, E16, El 7, E21, and E22); 2 ft /yr would be expected to represent the minimum rate of 

decline for future projections. However, we do not have a good way to estimate future decline 

rates if the water table becomes disconnected from the river in areas of heavy pumping, 

especially where there is little irrigation, as is the case for some Las Cruces wells in the 

Valley. Thus, rates of decline for future projections could be significantly greater than 2 ft /yr. 
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Decline from pre -development heads is currently on the order of 60 to 70 ft, and 

current rates of decline are on the order of 3 to 4 ft /yr, for Las Cruces wells in the Jornada del 

Muerto Basin, based on pre -development heads as presented in JSAI (1996) and recent water 

levels (JSAI, 2016). Appendix F presents hydrographs for selected wells in the Jornada del 

Muerto Basin. Rates of decline appear to be accelerating in wells in the Jornada del Muerto 

Basin (e.g., Figs. F5 through F7); thus 4 ft /yr would be expected to represent the minimum rate 

of decline for future projections. 

1.6 Plai-aning for Several Possible Future Scenarios 

The water -supply development plan must allow LCU the flexibility to meet current and 

future demand under several potential future scenarios, including: 

Groundwater use will be subject to the implications of the 2008 

Operating Agreement among U.S. Bureau of Reclamation (BOR), 

Elephant Butte Irrigation District (EBII)), and El Paso County 

Water Improvement District No. 1 (EPCW!D). This scenario will 

likely lead to increased pumping of supplemental irrigation wells, 

and accelerated drawdowns, which may affect pumping of Las 

Cruces wells close to the Rio Grande and result in more pumping 

in the Jornada del Muerto Basin. 

Groundwater use will not be affected by the Operating Agreement, 

but will be subjected to conventional administration by NMOSE. 

Under this scenario, the City's preference is to pump from the 

Mesilla Basin. 

Management of the river and groundwater that is hydrologically 

connected to the river will be "federalized," and the City will be 

required to enter into a contract with BOR to continue to divert 

groundwater in the Lower Rio Grande Basin. 

These potential future scenarios are discussed in detail in Section 2.11. 
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2.0 WATER RIGHTS AND WELLS 

Las Cruces has well fields in the Mesilla Basin (Fig. 5; Valley and West Mesa Well 

Fields) and the southern Jornada del Muerto Basin (Fig. 5; East Mesa Well Field), from which 

groundwater is produced under the terms of NMOSE Permit No. LRG -430 et al., which 

represents a groundwater right of 21,869 ac -ft /yr with a priority date of 1905. 

In the Mesilla Basin, Las Cruces also has permits to develop groundwater rights of 
5,042 ac -ft/yr (LRG -389, LRG -399, and LRG -5818 et al.) in the Valley, and 8,000 ac -ft/yr on the 

West Mesa (West Mesa permit LRG -3275 et al.). In the Jornada del Muerto Basin, Las Cruces 

has permits to develop a groundwater right of 10,200 ac -fl/yr (East Mesa permits LRG -3283 

through LRG -3285 and LRG -3288 through LRG -3296) and permits to develop groundwater 

rights of 107 ac -ft/yr (LRG -5039 et al.). Las Cruces recently acquired Jornada Water Company 

with permits to develop a groundwater right of 5,961 ac -ft /yr in the Mesilla and Jornada del 

Muerto Basins (LRG -47 et al., LRG -48 et al., LRG -50 et al., LRG -1882 et al., and LRG -4278). 

In addition groundwater rights, City currently owns or leases 1,412 acres of 
surface -water rights in EBID. A full annual surface -water allotment from EBID is 3 ac -ft/ac, but 

the allotment depends on flows in the Rio Grande. 

A summary of the City's current rights and permits is presented in Table 1, and a 

summary description of existing wells is presented in Table 2. Table 3 indicates the NMOSE 

well number associated with each existing and planned City well. A summary of data for existing 

wells is provided in Appendix G. Two of LCU's wells (Wells 18 and 27) currently in service in 

the Valley are operating as plume capture wells for the tetrachloroethylene (PCE) plume at the 

Griggs and Walnut Superfund site. Water pumped from Wells 18 and 27 is treated and stored in 

a tank, and the City rises the treated water for municipal water supply; treatment system operation 

and reporting to the U.S. Environmental Protection Agency (EPA) is being performed voluntarily 

until LCU has a consent decree with EPA, and represents a positive example of proactive water 

management. Seven wells in the Valley are not currently in service due to naturally -occurring 

elevated uranium concentrations in groundwater. LCU has been developing flexible 

infrastructure to allow for delivery of water to different parts of the water system, and east -west 

redundancy within the system. Implementation of enhanced meter calibration and automatic 

meter reading (AMR) ensures compliance with water rights and permits. 
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Table L Summary of City of Las Cruces water rights and permits 

NMOSE File No. basin 
water- right 

status 

diversion 
amount, 
ac -ft /yr 

LRG -430 cf. al. 
Mesilla! 

Jornada del Muerto 

pre -basin, 
conditional use of 

return flow a 

21,869 

LRG -3283 through LRG -3285, 
LRG -3288 through LRG -3296 

East Mesa permit 
Jornada del Muerto 

permitted, 
new appropriations, 

minimal offsets 
required b 

10,200 

LRG -3275 et al. 
West Mesa permit 

Mesilla 
permitted, 

new appropriations, 
offsets required 

8,000 

T,RG -389 Mesilla 
permitted, 

new appropriations, 
offsets required d 

2,550 

LRG -399 Mesilla 
permitted, 

new appropriations, 
offsets required e 

1,700 

LR(i -58I 8 et al. Mesilla 
permitted, 

new appropriations, 
offsets required f 

792 

LRG -5039 et al. Jornada del Muerto 
permitted, 

new appropriations, 
offsets required 

107 

LRG -47 et al., LRG -48 et al., 
LRG -50 et al., LRG -1882 et al., 

LRG -4278 

Mesilla/ 
Jornada del Muerto 

permitted, 
new appropriations, 

offsets required 
5,961 

groundwater rights and permits 51,179 

surface water rights owned adjudicated g 1,412 acres 

a In periods of drought in which EBID allotment to irrigators is less than 2 ac -$lac, Las Cruces is not to 

consumptively use treated effluent derived from LRG -430 wells, but instead must return effluent to stream system. 
b Total of 100 ac -ft/yr in offsets required after 40 years, total of 644 ac -fl/yr in offsets required after 100 years. 

Amount of water that may be diverted re- evaluated and determined by NMOSE annually subject to any offset 
debt from previous calendar year(s) and anticipated availability of offsets in the current calendar year, pursuant 
to Return Flow Plan (JSAI, 2009). 

a The City has permit to drill well LRG -389, but the well has not been drilled due to groundwater quality issues 
at the permitted location. 

e 435.5 ac-ft /yr of rights already transferred into LRG -399. 
f Total diversion amount is 792 ac- ft/yr. Offsets required for diversions exceeding 42.46 ac -ft /yr (maximum 

beneficial use). 15 ac -ft/yr serving Southwest Environmental Center. 
g A full surface -water allotment from EBID is 3 ac- ft/ac, but the allotment depends on flows in the Rio Grande. 
NMOSE - New Mexico Office of the State Engineer 
EBID - Elephant Butte Irrigation District 
ac -ft/yr - acre -feet per year 
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Table 2. Summary of existing City of Las Cruces wells 

wells 
well 
field basin NMOSE File No. water -right status 

diversion 
amount, 
ac -ft /yr 

Wells 10, 18 -21, 
23 -33, 35, 38, 39, 
44, 45, 54, 57 -62, 

65, 67, 70, 71, 
Driving Range, 

Paz Park 

Valley 
Mesilla 
Basin 

LRG-430 et al. 

pre -basin 21,869 

Wells 36, 37, 46, 
63, 64 

West 
Mesa 

Wells 42, 43 
East 

Mesa 

Jornada del 
Muerto 
Basin 

LRG -430 et al. a 

Well 40 
East 

Mesa 
LRG -3289 

permitted, 
new appropriations, 

minimal offsets 
required b 

10 200 
' 

Well 41 
East 

Mesa 
LRG -3288 

Well 68 East 
Mesa 

LRG -3290 

Well 69 East 
Mesa 

LRG -3291 

Well 72 East 
Mesa 

LRG -3292 

Well 71 d Valley 
Mesilla 
Basin 

LRG -399 
permitted, 

new appropriations, 
offsets required 

1,700 

Wells 66 
S -4 S -6, 

' 

Valley LRG -5818 et al. 
permitted, 

new appropriations, 
offsets required ° 

792 

Wells LRG -5039, 
LR.G- 5039 -S, 

LRG -5039 -S -2 

East 
Mesa 

Jornada 
del Muerto 

Basin 
LRG -5039 et al. 

permitted, 
new appropriations, 

offsets required 
106.866 

Wells LRG -47 
tluu -47-S-6, 

thc1T -48- 
S -2, LRG -50 tin-u 

-50 -S -13, LRG- 
1882 thru -1882- 

POD4, LRG - 
4278 

East 
Mesa 

Mesilla 
Basin and 
Jornada 

del Muerto 
Basin 

LRG -47 et al., 
LRG -48 et al., 
LRG -50 et al., 

LRG -1882 et al., 
LRG -4278 

permitted 
new appropriations, 

offsets required 
5,961 

a These wells to be transferred to East Mesa permit (LRG -3283 through LRG -3285, LRG -3288 through LRG -3296) 
I' Total of 100 ac -ft/yr in offsets required after 40 years, total of 644 ac -ft /yr in offsets required after 100 years. 

Total diversion amount is 792 ac- ft /yr. Offsets required for diversions exceeding 42.46 ac -ft /yr (maximum 
beneficial use). 15 ac -f /yr serving Southwest Environmental Center. 

d Well 71 (LRG- 430 -S -44) permitted as supplemental point of diversion under LRG -399. 
NMOSE - New Mexico Office of the State Engineer 
ac -ft /yr - acre -feet per year 
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Table 3. Existing and planned City of Las Cruces wells and 
associated NMOSE file numbers 

NMOSE Well No. City Well No. well field status 

LRG -430 lo Valley not currently in service b 

LRG -430 -S 44 Valley not currently in service b 

LRG- 430 -S -2 45 (11) Valley not currently in service 

LRG- 430 -S -3 58 (12, 34) Valley in service 

LRG -430 -S -4 38 (17) Valley not currently in service b 

LRG- 430 -S -5 18 Valley in service a 

LRG- 430 -S -6 19 Valley not currently in service b 

LRG -430 -S -7 20 Valley not currently in service b 

LRG- 430 -S -8 21 Valley not currently in service b 

LRG- 430 -S -9 62 (22) Valley in service 

LRG -430 -S -11 24 Valley not currently in service h 

LRG- 430 -S -12 26 Valley in service 

LRG- 430 -S -13 25 Valley in service 

LRG- 430 -S -14 27 Valley in service a 

LRG- 430 -S -15 28 Valley in service 

LRG -430 -POD57 2913 Valley in service 

LRG -430 -S -17 65 Valley in service 

LRG- 430 -POD58 3lB Valley in service 

LRG- 430 -POD59 32B Valley in service 

LRG- 430 -S -20 33 Valley in service 

LRG -430 -S -21 35 Valley in service 

LRG- 430 -S -22 36 West Mesa not currently in service 

LRG- 430 -S -23 37 West Mesa not currently in service 

LRG -430 -S -25 54 Valley not currently in service 

LRG- 430 -S -27 39 Valley in service 

LRG- 430 -S -29 42 East Mesa in service 

LRG -430 -S -30 43 East Mesa in service 

LRG- 430 -S -31 57 Valley not currently in service 

LRG- 430 -POD56 59B Valley in service 

LRG- 430 -S -33 Driving Range Valley not currently in service 

LRG- 430 -S -34 Paz Park Valley in service 

LRG -430 -S -35 60 Valley not currently in service 

operating as plume capture well for Griggs and Walnut tctrachlorocthylcne (PCE) plume 
b elevated uranium concentrations 
° casing collapsed 
NMOSE - New Mexico Office of the State Engineer 
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Table 3. Existing and planned City of Las Cruces wells and 
associated NMOSE file numbers (continued) 

NMOSE Well No. City Well No. well field status 

LRG- 430 -S -36 46 West Mesa in service 

LRG- 430 -S -37 61 Valley in service 

LRG- 430 -S -38 63 West Mesa in service 

LRG -430 -S -39 64 West Mesa not currently in service 

LRG- 430 -S -40 48 West Mesa not yet drilled 

LRG -430 -S -41 49 West Mesa not yet drilled 

LRG- 430 -S -42 67 Valley in service 

LRG- 430 -S -43 70 Valley in service 

LRG- 430 -S -44 71 Valley in service 

LRG -3283 No. not assigned East Mesa not yet drilled 

LRG -3284 No. not assigned East Mesa not yet drilled 

LRG -3285 No. not assigned East Mesa not yet drilled 

LRG -3288 40 East Mesa in service 

LRG -3289 41 East Mesa in service 

LRG -3290 68 East Mesa in service 

I.RG -3291 69 East Mesa in service 

LRG -3292 72 East Mesa not currently in service 

LRG -3293 No. not assigned Fast Mesa not yet drilled 

LRG -3294 No. not assigned East Mesa not yet drilled 

LRG -3295 No. not assigned East Mesa not yet drilled 

LRG -3296 No. not assigned Fast Mesa not yet drilled 

LRG -399 No. not assigned Valley not yet drilled 

LRG -5818 -S -7 66 Valley not currently in service 

LRG -5818 -S -8 S -8 Valley not yet drilled 

LRG -5818 -S -9 S -9 Valley not yet drilled 

LRG -5818 -S -10 S -10 Valley not yet drilled 

LRG -5039 - East Mesa in service 

LRG -5039 -S - East Mesa in service 

LRG- 5039 -S -2 - East Mesa in service 

LRG -47 - East Mesa in service 

LRG -47 -S - East Mesa not currently in service 

LRG- 47 -S -2 - East Mesa in service 
a operating as plume capture well for Griggs and Walnut tetrachloroethylene (PCE) plume 
" elevated uranium concentrations 

casing collapsed 
NMOSE - New Mexico Office of the State Engineer 
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Table 3. Existing and planned City of Las Cruces wells and 
associated NMOSE file numbers (concluded) 

NMOSE Well No. City Well No. well field status 

LRG- 47 -S -3 - East Mesa in service 

LRG- 47 -S -5 - East Mesa in service 

LRG- 47 -S -6 - East Mesa in service 

LRG -48 - Valley in service 

LRG -48 -S - Valley not currently in service 

T,RG- 48 -S -2 - Valley in service 

LRG -50 - Valley 

Valley 

in service 

LRG -50 -S - not currently in service 

LRG- 50 -S -2 - Valley not currently in service 

LRG- 50 -S -3 - Valley not currently in service 

LRG- 50 -S -4 - Valley in service 

LRG- 50 -S -5 - Valley not currently in service 

LRG- 50 -S -6 - Valley not currently in service 

LRG- 50 -S -7 - Valley not currently in service 

LRG- 50 -S -8 Valley not yet drilled 

LRG- 50 -S -9 Valley not yet drilled 

LRG- 50 -S -11 - Valley in service 

LRG- 50 -S -12 - Valley in service 

LRG- 50 -S -13 - Valley in service 

LRG -1882 - Valley not currently in service 

LRC_G -1 882 -S - Valley in service 

LRG -1882 -POD4 - Valley in service 

LRG -4278 - East Mesa not currently in service 

a operating as plume capture well for Griggs and Walnut tetrachloroethylene (PCF,) plume 
elevated uranium concentrations 
casing collapsed 

NMOSE - New Mexico Office of the State Engineer 
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2.1 LRG -430 et al. Wells in the Valley 

The LRG -430 wells located in the Rio Grande Valley of the Mesilla Basin include 25 wells 

that are currently in service and pumped under Las Cruces' LRG -430 et al. groundwater right, 

which has a diversion right of 21,869 ac -ft /yr (Tables 1 through 3). The LRG -430 et al. right has a 

pre -Rio Grande project, 1905 priority date. As indicated in the LRG -430 Subfile Order 

(Appendix A), Las Cruces is not to consumptively use the treated effluent derived from the 

LRG -430 wells in periods of drought in which the EBID allotment to irrigators is less than 

2 ac -ft/ac, but instead must return the effluent derived from the wells to the stream system. 

The 25 wells currently in service in the Valley were completed between 1953 and 2012, 

to depths ranging from 460 to 1,070 ft. The wells have pumping capacities generally ranging 

from 300 to 2,900 gpm. Non -pumping water levels range from 30 to 240 ft, and pumping water 

levels range from 80 to 350 ft. 

2.2 LRG -430 et al. Wells on the West Mesa 

The LRG -430 wells located on the West Mesa of the Mesilla Basin include two wells that 

are currently in service and pumped under Las Cruces' LRG -430 et al. right, Wells 46 and 63 

(Tables 1 through 3). 

Wells 46 and 63 were completed in 1982 and 1996 to depths of 1,288 ft and 1,290 ft, 

respectively, with pumping capacities of 2,300 gpm and 3,100 gpm, respectively. Non -pumping 

water levels are 330 ft and 355 ft, and pumping water level is about 395 ft in these wells. 

2.3 LRG -430 et al. Wells on the East Mesa 

The LRG -430 wells located on the East Mesa in the Jornada del Muerto Basin include 

two wells that are currently in service and pumped under the City's LRG -430 et al. right, Wells 

42 and 43 (Tables 1 through 3). These wells may eventually be transferred to the East Mesa 

permits LRG -3283 through LRG -3285 and LRG -3288 through LRG -3296. 

Wells 42 and 43 were completed in 1998 to depths of 1,170 ft and 1,150 ft, respectively. 

The wells have pumping capacities of 1,670 and 1,500 gpm. Non -pumping water levels are 

520 ft and 550 ft, and pumping water levels are 640 ft and 670 ft. 

2.4 LRG -3283 through LRG -3285 and LRG -3288 through LRG -3296, Wells on East Mesa 

The East Mesa permits LRG -3283 through LRG -3285 and LRG -3288 through LRG -3296 in 

the Jornada del Muerto Basin, for a total diversion of 10,200 ac -f /yr, were approved by the 

NMOSE on February 4, 2002 (Table 1, Appendix B). These permits require 100 ac -ft/yr in offsets 
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after 40 years, and 644 ac -ft/yr in offsets after 100 years of pumping; however, diversions under 

these permits will generate much more return flow than that. The remainder of the return flow is 

used to offset depletions associated with other permits including the West Mesa permit (Section 2.5 

below), or water reclamation projects. The term "offsets" refers to the amount of water that is lost 

from the river as a result of pumping. Pumping a well can lead to some reduction of flow in the 

river either by intercepting water that would otherwise discharge to the river or by inducing some 

recharge from the river; the amount of the reduction is required to be offset. The offset 

requirements associated with pumping under the East Mesa permits are relatively small because the 

wells are far from the river, and there is a low -permeability boundary in the form of a bedrock high 

between the East Mesa Well Field in the Jornada del Muerto Basin, and the Rio Grande in the 

Mesilla Basin. 

The East Mesa Well Field now includes four wells in service and pumped under the East 

Mesa permits (Table 3). These wells were completed between 1988 and 2012 to depths of 815 to 

1,170 ft. The wells have pumping capacities of 520 to 1,440 gpm. Non -pumping water levels 

are 320 to 480 ft, and pumping water levels are 430 to 575 ft. 

2.5 LRG- 3275 -POD1 through LRG -3275 -POD7, Wells on the West Mesa 

The West Mesa permit LRG -3275 et al. on the West Mesa of the Mesilla Basin, for a total 

diversion up to 8,000 ac -ftlyr, was approved by the NMOSE on March 9, 2010 (Table 1, 

Appendix C). Permit conditions indicate that the amount of water that may be diverted under 

LRG -3275 et al. will be re- evaluated and determined by NMOSE annually subject to any offset debt 

from previous calendar year(s) and anticipated availability of offsets in the current calendar year, 

pursuant to the Return Flow Plan (JSAI, 2009; Appendix H). Permit conditions also require a 

system gallons per capita day (GPCD) goal of 180 GPCD within 20 years, updates to the Water 

Conservation Plan every 10 years, progress reports on implementation of the 40 -Year Plan every 

10 years (at a minimum), and annual reports to NMOSE on water conservation efforts, overall 

GPCD and residential GPCD, and American Water Works Association (AWWA) system water 

audit. Wells have not yet been completed under LRG -3275 et al. 

2.6 LRG -389, 1,RG -399 and LRC -5818 et al. Permits in the Valley 

Permits LRG -389, for a diversion of 2,550 ac -ft/yr with offsets required, and LRG -399, 

for a diversion of 1,700 ac -ft/yr with offsets required, in the Valley of the Mesilla Basin, were 

approved by the NMOSE in 1989 (Table 1, Appendix I). The City has transferred a total of 

about 435.5 ac-ft/yr of groundwater rights into LRG -399. 
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LRG -389 has not yet been drilled, and extensions of time have been filed with the 

NMOSE. The permitted well location has been identified as having poor groundwater quality 

with respect to concentrations of naturally- occurring uranium. The permitted location may need 

to be further evaluated in terms of water quality variations with depth. 

Alternative points of diversion for LRG -399, and for LRG- 430 -S -44 as supplemental well, 

were approved by the NMOSE on August 21, 2008. LRG -399 has not yet been drilled. 

LRG- 430 -S -44 (Well 71) was drilled in 2006 to a depth of 725 ft. The pumping capacity is 

2,900 gpm, the non- pumping water level is about 40 ft, and the pumping water level is about 120 ft. 

The LRG -5818 et al. permits are for a total diversion of 792 ac -ft /yr with offsets required 

(Tables 1 through 3, Appendix J). LRG -5818 -S -7 (Well 66) has been drilled. Of the permitted 

792 ac -ft /yr, 15 ac -ft /yr serves the Southwest Environmental Center for wetland restoration. 

Offsets are required for diversions exceeding 42.46 ac- ft /yr. 

2.7 LRG -5039 et al., Mesa Development Acquisition, Wells on the East Mesa 

City of Las Cruces has acquired the Mesa Development permit LRG -5039 et al., and 

associated wells, on the East Mesa in the Jornada del Muerto Basin (Tables 1 and 2, Appendix K). 

The acquisition was based on the amount that has been put to beneficial use, 106.866 ac -ft/yr. The 

City will not be able to acquire unperfected groundwater rights, if any, remaining under 

LRG -5039 et al. 

LRG -5039 et al. includes three wells that are currently in service (Table 3). These wells 

were completed between 1964 and 1990 to depths of 550 to 600 ft. The wells have pumping 

capacities of 500 gpm each. The non -pumping water level is about 350 ft for these wells. 

2.8 LRG -47 et al., LRG -48 et al., LRG -50 et al., LRG -1882 et al., and ERG -4278, Jornada 
Water Company Acquisition, Wells in the Valley and on the East Mesa 

City of Las Cruces has acquired the Jornada Water Company permits LRG -47 et al., 

LRG -48 et al., LRG -50 et al., LRG -1882 et al., and LRG -4278, and associated wells in the 

Valley in the Mesilla Basin and on the East Mesa in the Jornada del Muerto Basin (Tables 1 

and 2, Appendix Q). The acquisition totals 5,961 ac- ft /yr. The acquisition includes 14 wells that 

are currently in service based on meter records on file with the NMOSE ('fable 3). 

2.9 Water -Level Monitoring Program 

LCIJ has maintained a water -level monitoring program, under which groundwater -level 

data have been collected at the City's supply wells based on a defined methodology and QA /QC 

process from mid-201I to present (JSAÏ, 2016). The monitoring program includes monthly hand- 
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measurements collected at over 40 wells, plus transducer measurements recorded on an hourly 

basis in 12 wells plus the nested Jornada shallow, middle, and deep piezometers. Monitoring 

program wells are located in the Valley of the Mesilla Basin, on the West Mesa of the Mesilla 

Basin, and on the East Mesa of the Jornada del Muerto Basin. Water -level trends in these wells and 

the Jornada nested piezometer, plus USGS -monitored piezometers located close to the Rio Grande 

in Las Cruces, are analyzed in annual reports prepared for LCU (JSAI, 2016). 

2.10 NMSU -Las Cruces Water Agreement 

Las Cruces water system has been interconnected with the New Mexico State University 

(NMSU) water system since approximately 1967. The mutual water delivery responsibilities have 

been set forth in various agreements dated January 1, 1967 and March 23, 1983, which replaced the 

1967 Agreement; and related agreements known as the Afton Agreement dated March 8, 2004, the 

Supplemental Agreement dated March 12, 2007, and the Letter of Understanding dated October 12, 

2012. These agreements collectively were for short term emergency and peaking purposes capped 

at 3,500 ac-ft/yr. There was a Third Amendment to Ground Lease Agreement dated March 1, 2015 

in which the City conditionally agreed to buy additional water from NMSU. The City has fully 

performed the water related provisions in the Letter of Understanding and the Third Amendment, 

and has terminated the Supplemental Agreement. Therefore, the 1983 Agreement remains in effect, 

and future water deliveries needed by the City from NMSU are reasonably expected to be minimal. 

111 Legal Issues and Constraints 

Many legal and administrative constraints affect the distribution of water in the Lower Rio 

Grande Basin, many of them unresolved, and at issue in pending litigation. A comprehensive 

summary of legal and administrative constraints may be found in the current draft of the 2016 

Lower Rio Grande Regional Water Plan,' but that summary does not deal in any detail with the 

fundamental questions of state versus federal jurisdiction over surface water released from 

Elephant Butte Reservoir and groundwater in the underlying aquifer, the United States' claims for 

the Rio Grande Project, and associated issues that are important to Las Cruces. Those issues are 

now being addressed in Texas v. New Mexico and Colorado in the United States Supreme Court, 

and in State of New Mexico v. Elephant Butte Irrigation Dist., the adjudication of Lower Rio 

Grande water rights in New Mexico State District Court. The following paragraphs describe the 

current status of the litigations in lay- reader language. 

I See New Mexico State Engineer website: http: / /www.ose. state. nm .us /Planning /RWP /region_11.php. 
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2.11.1 Rio Grande Project Operating Agreement and Texas v. New Mexico and Colorado 

The management of Rio Grande Project surface water directly affects rights to divert 

groundwater in the Lower Rio Grande, and therefore has an important impact on the water available 

under Las Cruces' groundwater rights. Las Cruces presently relies entirely on groundwater for its 

municipal supply and will do so in the future. The constraints under which it uses groundwater will 

depend on three factors - implementation of the Operating Agreement, the Original Action brought 

by Texas in the United States Supreme Court, and the water rights adjudication in State District 

Court. Litigation currently pending in the U.S. Supreme Court, Texas v. New Mexico and 

Colorado, Original, No. 141, is likely to establish principles of water management and 

administration in the Lower Rio Grande for the future. Much of the following summary is derived 

from an amicus curiae brief filed in 2013 by the City's legal counsel,2 from the City's amicus 

curiae brief in support of the State of New Mexico's Motion to Dismiss the case,' and from a 2009 

report to Las Cruces by John Shomaker & Associates.4 

The Operating Agreement 

In 2008, an Operating Agreement was negotiated among EBID, EP No. 1, and the U.S. 

Bureau of Reclamation (BOR) to govern the releases of surface water from Elephant Butte 

Reservoir. In effect, rather than sharing shortages as would have occurred under the earlier 

management of the system, in which each acre in both EBID and EP No. I would receive the same 

annual allocation, EP No. 1 instead receives the annual amount of water that would be consistent 

with the "D2 curve" developed by the BOR as if the Project Supply conditions for the period 

1951 -1978 remained unchanged. The D2 curve relates the historical amount of water available to 

divert from the river at canal headings ( "Project Supply ") with the amount released from reservoir 

storage ( "Project Release "), recognizing that part of the water applied to lands becomes return flow, 

available to be diverted again. The relationship between the two annual quantities, Project Release 

and Project Supply, defined for the period 1951 -1978, and expressed as the D2 curve, determined 

the total amount of water that could be diverted from the Rio Grande by EBID, EP No. 1, and the 

Republic of Mexico. Mexico will receive the amount determined from the "D1 curve," which is 

based on the amount of water available to be released, regardless of the amount of water that 

remains for EBID. Shortages of Project surface water would be borne by EBID. 

2 City of T,as Cruces' Alicia Curiae Brief Opposing Texas' Motion for Leave to File a Bill of Complaint and 
Supporting Defendants, State of Texas v. State of New Mexico and Stale of Colorado, March 11, 2013. 

3 City of Las Cruces' Amicus Curiae Brief in Support of New Mexico's Motion to Dismiss Texas' Complaint and 
the United States' Complaint in Intervention 

4 Shomaker, J.W., 2009, Long -tern effects on Lower Rio Grande water supply of Rio Grande Project Operating 
Agreement ( "D3 ") and Pecan -Growers Settlement with State Engineer: John Shomaker & Associates, Inc., 
consultant's report to City of Las Cruces. 
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However, the conditions in the basin no longer reflect the 1951 -1978 relationship defined 

by the D2 curve, and "[a]ílcr the Operating Agreement became public, hydrologic analysis by New 

Mexico revealed that the effect of the Operating Agreement was to alter the historical releases of 

the Rio Grande Project surface water from Elephant Butte Reservoir which had been made 57% to 

EB1D and 43% to EP No. 1 [based on the areas of irrigated lands in the respective projects] to a 

new ratio, possibly as low as 38% to EBID and 62% to EP No. 1. The consequence is to 

significantly increase groundwater pumping in New Mexico, thus decreasing groundwater in 

storage where the City's groundwater rights are located. "5 

One implication of the Operating Agreement is that supplemental irrigation pumping to 

supply EBID lands would increase, so that groundwater levels in the Lower Rio Grande Basin in 

general, and the Mesilla Valley in particular, would decline, rather than being roughly in 

equilibrium as had been the case historically. Groundwater mining may eventually lead to an 

unsustainable condition. On August 8, 2011, New Mexico filed suit in federal district court in 

New Mexico6 to invalidate the Operating Agreement. The City of Las Cruces intervened in the 

case on February 17, 2012, on Count V of New Mexico's Complaint, i.e., to compel the United 

States to complete an Environmental Impact Statement (EIS) identifying the effects of increased 

groundwater pumping on water in storage in the aquifer, where the City's rights are located, over 

the projected 50-year life of the Operating Agreement. The City has actively participated in the 

NEPA process related to the BOR's proposed EIS. 

Texas v. New Mexico & Colorado 

Evidently concerned that the favorable treatment of EP No. 1 under the Operating 

Agreement might be in jeopardy, Texas filed a Motion for Leave to File a Bill of Complaint in 

the United States Supreme Court on January 8, 2013, alleging that New Mexico had violated the 

terms of the Rio Grande Compact by allowing diversions of surface water and groundwater in 

excess of the 1938 conditions, more specifically that "[t]he Rio Grande Compact is predicated on 

the understanding that delivery of water at the New Mexico -Texas state line would not be 

subject to additional depletions beyond those that were occurring at the time the Rio Grande 

Compact was executed. New Mexico, through the actions of its officers, agents and political 

5 City of Las Cruces' Amicus Curiae Brief Opposing Texas' Motion for Leave to File a Bill of Complaint and 
Supporting Defendants, State óf Texas v. State of New Mexico and State of Colorado, March 11, 2013, p. 

7. 
G State of New Mexico v. U.S Bureau of Reclamation et al., No. I :20 I l -cv -0069 1 413-ACT. 
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subdivisions, has increasingly allowed the diversion of surface water, and has allowed and 

authorized the extraction of water from beneath the ground, downstream of Elephant Butte Dam, 

by individuals or entities within New Mexico for use within New Mexico. The excess diversion 

of Rio Grande surface water and the hydrologically connected underground water downstream of 

Elephant Butte Reservoir adversely affects the delivery of water that is intended for use within 

the Rio Grande Project in Texas. "' New Mexico contends that the Compact does not govern the 

delivery of water at the state line, and that it has met the terms of the Compact. 

On March 31, 2014, the United States was granted leave to intervene in Texas v. New 

Mexico & Colorado. The United States contends that groundwater in storage is "Project supply" 

for which contracts are required with BOR by users of groundwater in New Mexico. Texas and 

the United States argue that it was "understood" that the Rio Grande Compact requires the 

delivery of a specific amount of water at the New Mexico -Texas state line. They argue that the 

Rio Grande Compact resulted in a tacit apportionment of the groundwater of the Lower Rio 

Grande, resulting in New Mexico being locked into 1938 conditions not applicable to Texas and 

the United States, then posit that all surface water and hydrologically -connected groundwater 

below Elephant Butte Reservoir in New Mexico are Rio Grande Project water, which the United 

States contends cannot be diverted without obtaining a water supply contract from it. See United 

States' Complaint in Intervention at 4, ¶¶ 12 and 13. This position results in New Mexico being 

divested of state jurisdiction over all surface water and groundwater in the Lower Rio Grande, 

assuming that all groundwater is hydrologically connected, threatening the viability of 

Las Cruces' water supply and requiring the City to enter into a water supply contract with the 

United States to divert groundwater in the Lower Rio Grande for municipal use, despite the fact 

that the City's groundwater use was initiated more than 100 years ago, prior to the Rio Grande 

Project. New Mexico filed a Motion to Dismiss which addressed claims by both Texas and the 

United States. Las Cruces filed an amicus curiae brief in support of New Mexico's motion. 

Oral argument was held before the Court's Special Master, Gregory Grimsal, in New Orleans on 

August 19, 2015. A draft Report was issued for comments on July 1, 2016, and comments were 

received from the parties and amici on August 1, 2016. A conference call hearing was held on 

August 11, 2016. 

7 Texas' Motion for Leave to File Complaint, Complaint, and Brief in Support of Leave to File Complaint, State of 
Texas v. State of New Mexico and State of Colorado, January 2013, p. 9. 
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In his draft Report, the Special Master denied New Mexico's motion to dismiss Texas' 

claims, but granted the motion to dismiss the United States' claims with the following proviso - 

he recommended that "the Court extend its original, but not exclusive, jurisdiction...to allow for 

the resolution by the Court of the United States' project claims to occur simultaneously with the 

resolution of Texas's compact claims against New Mexico. (First Report of Special Master, 

2011, p. 205)." If the Court concurs, and the United States prevails on this point, Las Cruces' 

groundwater may be deemed to be Rio Grande Project water and the City may be required to 

enter into a contract with the BOR to continue to divert it. In that case, it is possible that the 

water would be subject to re- assignment to, for example, Endangered Species Act purposes, as 

has occurred in the Middle Rio Grande. 

Las Cruces has established, in the context of the adjudication of Lower Rio Grande water 

rights (see below), a priority date of 1905 for its pre -basin (and pre -Rio Grande Project) water 

rights under File No. LRG -430. The Special Master's report (sec First Report of the Special 

Master, June 28, 2016, p. 184) seems to imply that such pre -basin and pre -Rio Grande Project 

rights are recognized, but that the water to supply them must come from the New Mexico 

allocation under the Rio Grande Project. The question remains, then, whether Las Cruces' rights 

would be fully supplied in priority, in their status as senior to the January, 1906 filing of the 

notice of appropriation for the Rio Grande Project by the U.S. Reclamation Service (see, e.g., 

First Report of the Special Master, June 28, 2016, p. 83), as they would be under New Mexico 

law, or would be subject to the shortage -sharing implicit in the distribution of water within the 

Project (see, e.g., Frank Clayton letter, reproduced in part in First Report of the Special Master, 

June 28, 2016, p. 179). If the Rio Grande Project is the "sole method" by which the Rio Grande 

valley in New Mexico receives its equitable apportionment from the stream (First Report of the 

Special Master, June 28, 2016, p. 175), it seems probable that Las Cruces would share shortages. 

The Special Master's report does not deal explicitly with the relation between 

groundwater and surface water, and seems to treat surface water and its allocation as the only 

hydrologic issue. This could be the situation only if the groundwater system has always been 

and will continue to be full. In that context, the streamflow depletion associated with declared 

pre -Lower Rio Grande Basin groundwater rights, such as LRG -430, would represent an 

appropriation to be supplied by Rio Grande Project surface water in amounts equivalent to the 

amounts pumped from wells, less the return flow to the river. Arguably the withdrawal from 

groundwater in storage in the aquifer represented by a permanent lowering of the water table 

should not be considered an appropriation of Project water, although any natural replenishment 

of the water withdrawn from storage, if and as it occurs, would be by Project water. 
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The Utton Transboundary Resources Center at the University of New Mexico has 

described the consequences of a New Mexico loss in part as follows (references omitted).s 

[It]...would be very expensive for the communities in south- central New 
Mexico in terms of losses in agricultural and supporting businesses and to the 

state in general. The area is already strained by reduced surface water 
availability from the drought and under the Operating Agreement. If the U.S. 

Supreme Court ordered curtailment of groundwater pumping, the pecan 
orchards and other crops may be severely damaged or lost. The Supreme Court 
could also order restitution in the form of water or money or both. Texas is 

asking the Court for compensation for New Mexico pumping since the date of 
the Rio Grande Compact, that is, 1938. If, as in the Pecos litigation, New 
Mexico must retire farmland water rights to accommodate a judgment, the cost 

has been estimated to be upwards of $1 billion dollars. If solutions such as 

augmentation well fields or pipelines are required, millions more will follow. 

However, the cost of doing nothing could be just as devastating. In June of 
2012, the Interstate Stream Commission reported that estimated value of water 
reallocated in the Project between EBID and EP No. 1 was between several 
million to 2.5 billion dollars. 

Between the reallocation and the [then continuing] drought, fanners, 
municipalities and others have turned increasingly to groundwater. Not only 

does extensive groundwater use threaten the aquifer sustainability but it also 

threatens to change the aquifers from sustainably managed resources to mined 

resources. If groundwater pumping must continue over the long run, river 
losses to the aquifers are likely to remain high, and deliveries to EP No. 1 will 

continue to be a problem. 

Another consequence of a New Mexico loss in the Supreme Court may be "federalization" 

of the management of the river. The United States has alleged that "New Mexico has allowed the 

diversion of surface water and the pumping of groundwater that is hydrologically connected to the 

Rio Grande downstream of Elephant Butte Reservoir by water users who either do not have 

contracts with the Secretary [of the Interior] or are using water in excess of contractual 

amounts...," and has asked the Supreme Court to "declare that New Mexico...may not permit 

parties not in privity with the Bureau of Reclamation...to intercept or interfere with delivery of 

water from the Rio Grande Project (see First Report of the Special Master, June 28, 2016, p. 188)." 

8 Utton Transboundary Resources Center, University of New Mexico, 2013, uttoncenter.un/f.edu/pdfsí2013-05- 
16 BushnellTX -NM Final.pdf 
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If New Mexico ultimately prevails in Texas v. New Mexico and Colorado, and operation 

of the Rio Grande Project returns to something like the pre -Operating Agreement procedures, it 

seems likely that some of the economic stress in the Lower Rio Grande would still occur if water 

shortages continue. The probability of priority administration seems likely to increase, and 

either in that context or in a process of promulgating new administrative guidelines, the State 

Engineer may seek to curtail or limit groundwater pumping. Las Cruces' 1905, pre -Rio Grande 

Project, priority date would presumably protect the City's full supply from the LRG -430 rights in 

the case of a priority call, but permits for supplemental and replacement wells may become more 

difficult to obtain under new administrative guidelines. 

Figure 7 presents a summary of the Lower Rio Grande Basin water balance based on the 

groundwater flow model prepared for the NMOSE by S.S. Papadopulous & Associates, Inc. 

(SSPA, 2007), and illustrates how water shortages and groundwater pumping have resulted in 

losses in groundwater storage. The SSPA (2007) model represents one of the most sophisticated 

models available for the Lower Rio Grande Basin. A version of it is currently being updated, 

and other models are being developed in preparation for the litigation described above. The high 

pumping in 2003 and 2004, and precipitous decline in groundwater storage, is likely 

representative of more recent years. 

2.11.2 Rio Grande Adjudication 

New Mexico v. EBID, et al., 96 -CV -888 (1996) is a state court adjudication being 

undertaken to identify and to formalize the scope and the description of valid water rights in the area 

between the Elephant Butte Dam and the state line with Texas. The adjudication is one of the 

largest in New Mexico and will determine water right claims in about 14,000 subfiles - each of 

which deals with one or more water rights - and for about 18,000 claimants. The adjudication court 

and the parties are also working out the stream system issues: so -called because their resolution will 

affect many if not all of the claimants in the case. The court has or will determine the following 

stream system issues: 1) the farm delivery requirement (FDR) and the consumptive irrigation 

requirement (hereinafter CIR) for all crops; 2) the groundwater rights of the Elephant Butte 

Irrigation District (hereinafter EBID); 3) the status and description of domestic wells; 4) the rights 

and the nature of the rights of the United States in the Rio Grande Project; 5) the claims of those 

whose water rights predate those of the Project; and 6) the claims of the Nathan Boyd Estate. 

JOHN SHOMAKER & ASSOCIATES, INC. 
WATER-RESOURCE AND ENVIRONMENTAL CONSULTANTS TX_MSJ_001504



JSAI 38 

400,000 
350,000 
300.000 
250.000 
200,000 
150,000 

100,000 

50,000 

o 

PUMPING 

rn Crt 

CUMULATIVE CHANGE IN 
GROUNDWATER STORAGE 

100.000 

0 

.100.000 
200,000 

300,000 
-400,000 

.500.000 

.600.000 

.700,000 Ì Ì 11 

.n o ° m ° 
Cl tA 4) t,7 6 +n 

ó 
Ñ 

LRG Basin model- simulated water balance 
in acre -feet per year, 1941 to 2004 (SSPA, 2007) 

PUMPING 
2,000 TO 348,000 OUT 

SURFACE WATER: 
RIO GRANDE, 
CANALS, 
LATERALS, 
DRAINS 
168,000 TO 231,000 IN 
54,000 TO 292,000 OUT 

EVAPO- 
TRANSPIRATION 
16,000 TO 35,000 our 

MOUNTAIN 
FRONT 
RECHARGE 
15,000 IN 

GROUNDWATER 
STORAGE 
55,000 TO 190,000 IN 
9,000 TO 95,000 OUT 

IRRIGATION RETURN 
87,000 to 154.000 IN 

TRANS -BASIN 
FLOWS 
cle IN 

<10 OUT 

O 

u- 
z 

Groundwater storage 
Mountain -front recharge 
Irrigation return 
Surface water 
Trans -basin flows 
Total inflow 

Groundwater storage 
Pumping wells 
Evapotranspiration 
Surface water 
Trans -basin flows 
Total outflow 

Year with maximum 
pumping - 2003 

189,531 
15,318 

109,415 
167,716 

7 

481,988 

9,288 
348,416 
19,155 
105.441 

5 

482,305 

Year with high 
pumping - 2004 

Nef loss/gain in groundwater storage -180,299 

Year with average 
pumping - 1997 

Year with low 
pumping - 1986 

Year with minimum 
pumping - 1941 

95,767 76,456 55,293 72,080 
15.318 15,318 15,318 15.318 
87,084 123,095 1 54,273 96.665 
176,440 231,046 223,330 201,183 

7 7 8 "7 

374,616 445,923 448.223 385.254 

26,960 72.731 95,127 58,816 
276,832 82.854 62,900 2,262 
16,420 32,934 35,434 32,370 
54,464 257,386 254,790 292,034 

5 6 7 7 

374,681 445,910 448,258 385,488 

-68,807 -3,725 +39,834 -13,264 

Figure 7. Illustration of Lower Rio Grande Basin water balance based on the groundwater flow model prepared by SSPA (2007). 
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As of the writing of this report, the adjudication court has established the farm delivery 

requirements and consumptive irrigation requirements for irrigation, and, as may be of interest to 

Las Cruces, has ordered that "[f]or fixture transfers to non -irrigation purposes of use, a CIR of 

2.6 afay (ac -ft /yr per acre) shall apply to all irrigated acreage in the Lower Rio Grande," and that 

"[o]nly the full amount of combined surface water rights and groundwater rights can be trans - 

ferred. "9 The court has also established the groundwater rights of the EBID.10 The court granted 

a motion to dismiss the claims of the Boyd Estate, and the New Mexico Court of Appeals has 

affirmed the adjudication court's dismissal. A newly raised issue to be resolved is "the question 

of whether surface water rights developed before the Rio Grande Project and now served by the 

Project were extinguished by any means. "t1 This may become important for Las Cruces in that 

depletion of the Rio Grande due to pumping under the pre- Project groundwater rights represents 

an implied pre -Project surface -water right. The City may make pre -Project claims for uses by 

the Acequia Madre de Las Cruces in connection with this stream system issue. 

As of the State's annual report for Fiscal Year 2016,12 the majority of the City of 

Las Cruces rights, consisting of the LRG -430 wells with the right to divert 21,839 ac -ftlyr, and 

excepting the Jornada and West Mesa wells and some other rights, had been adjudicated. 

Almost all of the rights in the Nutt -Ilockett and Rincon sections of the Lower Rio Grande had 

been adjudicated, and offers of judgment had been served for about one -half of the subfiles in the 

combined Northern Mesilla and Southern Mesilla sections. Of the total number of subfiles in the 

Mesilla sections, about 35 percent had been adjudicated. 

The United States' interest, designated as Stream System Issue No, 104, has been partially 

completed. On August 16, 2012, the Court ruled that the United States' interest consisted of 

surface water stored in Elephant Butte Reservoir and released for use by the Rio Grande Project - 

and not a commensurate amount of groundwater. An outstanding issue concerns the United States' 

priority date. The United States claims a date of no later than March 1, 1903. The City and the 

State assert that the United States' priority date is January 23, 1906, for 730,000 ac- ft /yr, and April 

14, 1908, for 60,000 additional ac -ft /yr in accordance with filings by the U.S. Reclamation service 

with the Territorial Engineer. The adjudication court has not yet decided the priority date issue. 

9 See Final Judgment, SS -97 -101, New Mexico v. EJJID, et al., 96 -CV -888 (1996), August 22, 2011. 
10 See Stipulated Subfile Order, Subfile No. LRS -28- 003 -0018, New Mexico y. EBID, et al., 96 -CV -888 (1996), 

October 4, 2010. 
11 Sec Order designating Stream System Issue No. 107 regarding surface water rights developed before the Rio 

Grande Project, SS -97 -107, New Mexico v. ERII), et al., 96 -CV -888 (1996), July 6, 2016. 
12 Lower Rio Grande Adjudication Bureau, State of New Mexico's Rule 71.3 Report, FY 2016. 
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From the layman's point of view, the outcome of the adjudication would seem largely 

irrelevant if Texas prevails in Texas v. New Mexico and Colorado, and the distribution of all 

waters downstream from Elephant Butte dam by the Bureau of Reclamation is based on acreages 

and shortage -sharing rather than priority administration. It would remain only to determine the 

fraction of New Mexico's allocation that is represented by Las Cruces' pre -Project water rights, 

and for Las Cruces to enter into a contract with the Bureau of Reclamation. 

2.11.3 Return Flow Discussion 

Las Cruces' water rights and permits carry with them a variety of conditions, including 

requirements for discharge of certain amounts of water to the natural system after use. 

Las Cruces' Return -Flow Plan (JSAI, 2009), which compiles the various requirements for return 

flows, and presents the City's plan for meeting them, was accepted by the NMOSE in 2009. 

Figure 8 presents a schematic illustration of the City's return -flow requirements and accounting. 

2.11.4 Water Banking Discussion 

Discussions of water banking and how it might be implemented in the Lower Rio Grande 

Basin to repay groundwater over -diversion and out -of- priority diversion are ongoing among the 

NMISC, NMOSE, and stakeholders in the region (Colby, 2015). Water banking in the Lower 

Rio Grande Basin will depend on the outcome of Texas v. New Mexico and Colorado (see 

Section 2.1 i .1, above). 
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LRG -5039 et al. 
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thru -3285, and LRG -3288 thru -3296 

Jornada del Muerto Basin 

WA East Mesa well field, attributable to LRG -430 et al. 

Mesilla Basin 

I VWF _ Valley well field, attributable to LRG -430 el al. 

Mesilla Basin 

WMWF West Mesa well field, attributable to LRG -430 et al. - 

offsets required 

minimal offsets required; remainder of return flow can be used 
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offset requirements associated with other permits, 

unless FFilf] allotment is <2 ac-ft/ac, in which case 

return flow cannot be used but must be discharged 

to the river 

Mesilla Basin 

WMWF West Mesa well field, attributable to LRG -3275 et al. offsets required 

Mesilla Basin 

LRG -389 offsets required 

t.RG -399 offsets inquired 

LRG -5818 et al. offsets required 

- Dona Ana MDWCA 

NMSU 

San Pablo MDWCA 

Town of Mesilla 

Winterhaven MDWCA 

Moongate Water Co. 

Figure 8. Schematic illustration of City of Las Cruces return flow accounting. 
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3.0 WATER DEMAND PROJECTIONS 

Water demand projections are based on projected population growth and goals for total 

gallons per capita per day (GPCD) water use. 

3.1 Population Projections 

Figure 9 and Table 4 present projected population growth for 2015 to 2055. Figure 9 also 

presents historical population growth from 1960 to 2014, Projected population growth is 

presented as lines spanning low to high growth in Figure 9. 

The medium- growth projection represents 1.9- percent annual growth between 2015 and 

2055. The medium- growth projection is from the City's Land Use Assumptions Study (Water 

and Wastewater Impact Fee Study; Duncan Associates, 2013). It is based on the range of 

estimated population growth forecasts used by the City and County in the Vision 2040 regional 

planning project (Doha Ana County, 2012), and assumes that the City's share of future growth 

will be a consistent 46.9 -percent share of the County's population. 

Table 4. City of Las Cruces population projections 

year 
high 

growth n 

medium 
growth to 

low 
growth 

2015 109,094 `t 109,094 `" 109,094 ̀ ' 

2020 122,829 119,859 117,544 

2025 138,293 13 1,687 126,462 

2030 155,704 144,682 135,481 

2035 175,307 158,959 144,500 

2040 197,378 174,645 153,519 

2045 222,228 191,878 162,753 

2050 250,207 210,813 172,542 

2055 281,708 231,616 182,920 
a 2.4- percent annual growth (historical average, 1960 -2014) 

h Based on 1.9- percent annual growth indicated in City of Las Cruces Water and Wastewater Impact Fee Study, 

Land Use Assumptions (Duncan Associates, 2013) 

1.5- percent annual growth (2015 to 2023) decreasing to 1.2- percent annual growth (2035 to 2055), City of Las 

Cruces Comprehensive Plan 2040 (City of Las Cruces, 2013) 
d 2015 estimate presented in City of Las Cruces fiscal year 2015 -2016 budget adopted by the City Council in 

May 2015, plus 2,016 Jornada eater Company customers outside City limits multiplied by average household 
size of 2.43 (U.S. Census 2010) 
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Figure 9. Graph showing City of Las Cruces historical and projected population growth, and percent annual growth, 1960 to 2055. 
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The high- growth projection is based on U.S. Census historical population data for City of 
Las Cruces from 1960 to present, with an average annual growth rate of 2.4 percent. Although 

population growth has been significantly less than the historical average over the last few years, the 

historical average growth rate should be considered for long -range planning purposes. Planning 

according to the historical average rate will allow LCU to perfect the water rights in the place-of-use 

area; LCU recognizes that there is some overlap with areas served by other utilities and place -of -use 

of water rights from other utilities, such as Moongate Water Company. 

The low- growth projection represents 1.5- percent annual growth in 2015 decreasing to 

1.2- percent annual growth in 2035. The low- growth projection is from the City's 
Comprehensive Plan 2040 (City of Las Cruces, 2013), which was adopted by City Council in 

November 2013. It agrees closely with population projections for Doña Ana County prepared by 
the University of New Mexico Geospatial and Population Studies (GPS) Group, which 

represents 1.5- percent annual growth in 2015 decreasing to 1.0- percent annual growth in 2035 

(GPS Group; https: //bber.unm.edu /demo/ PopProjTable2.htm). 

The New Mexico Universities Working Group on Water Supply Vulnerabilities (2015) 
indicates that "recent investments and developments in the Santa Teresa, NM area will likely 

lead to additional businesses (re)locating to the area, and thus to additional population growth." 
In early 2014, the Union Pacific Santa Teresa Intermodal Terminal was opened. Located about 

40 miles from Las Cruces near the Santa Teresa Port of Entry, the terminal can handle 
250,000 shipping containers annually. Santa Teresa also includes two industrial parks. 

A Las Cruces Sun -News article from October 19, 2015, indicates that plans for 

construction of the Center for Innovation, Testing and Evaluation (CITE) are moving forward on 

a 500 -acre site about 25 miles west of Las Cruces (Gibbs, 2015a). CITE will be used for 

scientific research and testing of innovative technologies, building materials, and renewable 

energy, and will be open to private companies to test products. The facility could be operational 
by 2018, and the construction investment could run as high as $600 million. CITE will offer the 

opportunity for interconnection and research with NMSU, Spaceport, and other regional assets. 

Las Cruces also includes the 1,800 -acre West Mesa Industrial Park, located about 8 miles 

west of the City and directly south of Las Cruces Airport. The Industrial Park currently has 

14 tenants, and it is the City's intent to develop light industry, general manufacturing, and aviation 

related and technology based industries, within the Industrial Park over the 40 -year planning period. 

The City is dedicated to bringing in industries and manufacturing businesses that will expand and 

diversify the local economic base and provide new jobs for the community. A Las Cruces Sun - 

News article from September 10, 2015, indicates that manufacturing businesses in the Industrial 
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Park are showing growth. F &A Dairy Products has two processing plants, and is currently hiring as 

it ramps up from 80- percent production capacity to 100- percent capacity. ARCA Space 

Corporation and Engineered Wire Products are also hiring (Gibbs, 2015b). 

The NMOSE GPCD Calculator calculates utility -served population based on actual single - 

family and multi- family residential connections, and U.S. Census data on household size and 

population in group quarters. In the case of City of Las Cruces, utility -served population has ranged 

from about 98 to 105 percent of U.S. Census population, and 100 percent of U.S. Census population 

on average. Therefore, it was not necessary to adjust City population numbers to reflect utility - 

served population even though some areas on the East Mesa are served by Moongate Water 

Company. The current utility -served population has been adjusted to account for 2,016 new utility 

customers (formerly Jornada Water Company customers) outside the City limits, multiplied by an 

average household size of 2.43 (U.S. Census 2010). 

3.2 Goals for Total Gallons Per Capita Per Day Water Use 

Using historical data on total diversions, and utility- served population calculated using the 

NMOSE GPCD spreadsheet (version 2 -05) and U.S. Census 2010 data, total GPCD water use was 

calculated for years 2009 to 2015 and presented in Table 5. Figure 10 presents current and 

projected total GPCD water use, and Figure 11 presents average total GPCD use by month (also 

see Appendix L). Total GPCD represents total water supply (total water diverted plus imports 

minus exports) divided by the population served by the utility. 

Current total GPCD of 181 GPCD does not factor in GPCD for former Jornada Water 

Company customers; water use data for the former Jornada Water Company are currently 

inadequate to calculate GPCD for these customers. Current total GPCD of 181 GPCD does not 

factor in the City's effluent discharge to the Rio Grande. If effluent discharge to the Rio Grande 

(attributable to City water sources; 39 percent of total water supply on average, 2009 -2014) were 

factored into Las Cruces GPCD, the City's current total GPCD would be only 110 GPCD. Current 

total GPCD of 181 GPCD is in -line with the average for Doña Ana County of 182 GPCD based on 

GPCD calculations for 63 public water systems (NMISC, 2016). It should be noted that this GPCD 

dataset for Doña Ana County includes high variability, and may include data of varying quality. 

Las Cruces has the goal of reducing total GPCD water use to 165 GPCD by 2030, and 

140 GPCD by 2055 (Fig. 8). This number does not factor in former Jornada Water Company 

customers; water use data for the former Jornada Water Company are currently inadequate to 

determine a realistic GPCD goal for these customers. This number does not factor in effluent dis- 

charge to the Rio Grande. Table 5 presents projected total GPCD use, and corresponding reductions 

in total GPCD use with respect to the current value of 181 GPCD (2009 to 2015 average). 
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Figure 10. Chart showing City of Las Cruces crurent and projected total and single-family 
residential gallons per capita per day (GPCD) water use, 2015 to 2055. 
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Figure 11. Chart showing City of Las Cruces average (2009 to 2015) total and single -family 
residential gallons per capita per day (GPCD) water use by month. 
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Table 5. City of Las Cruces total GPCD projections 

year total 
GPCD 

reduction in total GPCD 
with respect to 2009 -2015 

average value u 
tactics for reducing total GPCD 

2009 188 - - 

2010 181 - - 

2011 192 - - 

2012 184 - - 

2013 176 - - 

2014 176 - - 

2015 171 - 

2009 -2015 avg 181 0 - 

2015 181 0 

reduce non -revenue water lo 9 percent; 
reduce single -family residential 
GPCD use; implement Water 

Conservation Program 

2020 176 5 

2025 170 11 

2030 165 16 

2035 160 21 

2040 155 26 

2045 150 31 

2050 145 36 

2055 140 41 
a based on high -growth population projections GPCD - gallons per capita per day 

Details on how the City will meet the goal of reducing total GPCD water use to 140 GPCD 

by 2055 are presented in Section 4: Water Conservation. Total GPCD water use goals will be met 

by implementation of the Water Conservation Program, which aims at reducing single -family 

residential GPCD and also works with City government and industrial, commercial, and 

institutional customers, and by reducing total non -revenue water from the 2010 -2015 average of 

15 percent of diversions, to 9 percent by 2055. 

Las Cruces' total GPO) goal of 140 GPO) will allow the City to maintain the ability to 

serve future commercial and industrial accounts that will develop in the West Mesa Industrial Park 

over the next 40 years, thereby regulating industrial development to insure environmental sustain - 

ability and protect water quality. Las Cruces is part of the rapidly -developing commercial and 

industrial complex along the U.S./Mexico border. As the City grows over the next 40 years, 

Las Cruces' water system will serve existing and new water users in the commercial and industrial 

sectors, while private water companies and mutual domestic water consumers associations in the 

area will serve primarily residential users. Thus, the proportion of City water used for commercial 

and industrial purposes may grow, and the proportion of City water used for residential purposes 

may decrease. 
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Las Cruces' total GPCD goal of 140 GPCD is progressive in comparison to other water 

systems in the southern part of New Mexico (Table 6). City of Alamogordo has a goal of 165 

GPCD (Livingston Associates, 2006; JSAI, 2005). The preliminary 40 -year plan for City of Hobbs 

does not indicate a specific goal, and uses 264 GPCD when calculating projected demand (DBSA, 

2009a). The 40 -year plan for City of Deming does not indicate a specific goal, and uses 206 GPCD 

when calculating projected demand (DBSA, 2009b). City of Lovington has a goal of 242 GPCD 

(JSAI, 2014). Truth or Consequences/Williamsburg has a goal of 176 GPCD (WHPaciiic, 2012). 

City of Jal indicates a goal of 165 GPCD; however, this is in terms of residential GPCD (JSAI, 

2005). The City of Jal 40 -year plan uses 290 GPCD when calculating projected demand. 

Table 6. Comparison of City of Las Cruces total GPCD goal with 
other water systems in southern New Mexico 

community 
projected 

year 
projected 

population b 

projected total demand, 
ac -ft/yr 

total GPCD 
goal 

Las Cruces 2055 269,058 42,222 140 

Alamogordo 2045 58,663 10,842 165 

Alamogordo without 
wastewater reuse 

2045 58,663 10,842 + 3,363 a 216 

Hobbs 2050 54,660 16,190 264 

Deming 2050 39,526 9,119 206 

Lovington 2053 22,670 6,157 242 

Truth or Consequences 
and Williamsburg 

2050 14,134 2,795 176 

Jal 2045 6,127 1,990 290 

a 3,000,000 gallons per day wastewater reuse 

b high growth projection 

ac -ft/yr - acre -feet per year 
GPCD - gallons per capital per day 

It is important to note a key difference between these water systems and Las Cruces: Las 

Cruces has return flow, and these other systems do not (with the exception of Truth or Consc- 

quences/Williamsburg). In the case of Alamogordo, wastewater reuse is considered into its total 

GPCD goal of 165 GPCD; its total GPCD goal without wastewater reuse would be about 216 GPCD, 

3.3 Goals for Single- Family Residential Gallons Per Capita Per Day Water Use 

Single- family residential GPCD water use, calculated for years 2009 to 2015, is presented in 

Table 7. Historical single -family residential GPCD water use was calculated using the NMOSE 

GPCD spreadsheet (version 2 -05). Figure 10 presents current and projected single -family residential 

GPCD water use. Figure 11 presents average single- family residential GPCD use by month (also see 

Appendix L). Single- family residential use represents about half of total use in Las Cruces (Fig. 12). 
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Table 7. City of Las Cruces single -family residential GPCD water use 

year single- family 
residential GPCD 

reduction in single- family residential GPCD with respect to 2010 -2014 average value 2009 132 
- 2010 . 125 
- 2011 133 
- 2012 126 
- 2013 123 
- 2014 119 
- 2015 114 

F2009-2015 average 125 J - 
2015 125 

0 2020 122 
3 2025 118 
7 2030 115 

10 2035 112 
13 2040 109 
16 2045 106 
19 2050 103 
22 2055 100 
25 GPCD - gallons per capita per day 

single- family residential 50% 

mi industrial, commercial, and 
institutional 24% 

O non -revenue water 16% 

multi -family residential 10% 

Figure 12. Chart summarizing City of Las Cruces average (2010 to 2014) water use. 
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Las Cruces has the goal of reducing single- family residential GPCD use to 100 GPCD by 

2055 (Table 7). This savings of 25 GPCD in terms of single- family residential GPCD translates to a 

17 GPCD savings in terms of total GPCD. Thus, the City's goal for reducing total GPCD use over 

the next 40 years will be accomplished in part through the reduction of single -family residential 

GPCD water use. 

The City's single- family residential water use in summer (June, July, and August) is, on 

average, more than double the single -family residential water use in winter (November, December, 

January, Febr uaiy, and March) (Fig. 11; Appendix L), due to the City's semi -arid to arid climate 

(Appendix M) and the resultant landscape irrigation and use of evaporative coolers in summertime. 

3.4 Water Demand Projections 

Water demand projections for years 2015 through 2055 presented in Table 8, in terms of 

total diversions, are based on projected population growth and projected total GPCD use. 

Fiore 13 presents a graph of projected demand from 2015 to 2055, under low- to high - 

growth scenarios, and the City's groundwater rights and permits. Figure 13 shows that, under the 

high -growth scenario, diversions will exceed the LRG -430 et al. pre -basin right plus East and West 

Mesa permits at the end of the 40 -year planning period, and approach the City's total groundwater 

rights and permits. 

During the 40 -year planning period, LCU aims to develop an alternate supply up to the 

amount 44,207 ac -ft/yr to meet current and future demand in the case that activities in the Lower 

Rio Grande Basin pose challenges to using existing rights and permits to meet demand. 

Table 8. City of Las Cruces water demand projections 
[projected population * projected total GPCD water use] 

year 
high growth, 

ac -ft /yr 
medium growth, 

ac -ft /yr 
low growth, 

ac- -ft /yr 

2015 22,133 22,133 22,133 

2020 24,186 23,601 23,145 

2025 26,404 25,143 24,145 

2030 28,797 26,759 25,057 

2035 31,440 28,508 25,915 

2040 34,293 30,343 26,672 

2045 37,364 32,262 27,365 

2050 40,666 34,264 28,044 

2055 44,207 36,347 28,705 

ac -ftlyr - acre -feet per year 
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Figure 13. Graph showing City of Las Cruces projected water demands for 2015 to 2055 under low to high growth rate 
sccnarios, City's total existing adjudicated water rights, and existing permits. 
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3.5 Non- Revenue Water 

Non -revenue water is defined by the AWWA water balance (Table 9). Between 2010 and 

2015, Las Cruces' non -revenue water represented about 15 percent of total diverted water 

(Table 10; also see AWWA water audit worksheets completed annually for LCU and included in 

Appendix P: Water Conservation Plan). The City's Infrastructure Leakage Index (ILI) is about 

3.40, which is typical for a community the size of Las Cruces in the United States, with existing 

water supply infrastructure capable of meeting long -term demand as long as reasonable leakage 

management controls are in place. 

Non -revenue water numbers may be somewhat elevated due to water system flushing, 

hydrant flushing, and fire protection field testing (unbilled authorized deliveries, see Table 9). 

These flushing processes represent important preventive maintenance, remove sediment from lines, 

and are critical to fire protection. These processes are described in the City's Standard Operating 

Procedure on Hydrants Flushing, included as Appendix N. Some hydrant flushing is performed for 

the City's iron and manganese program. Although not required by law, LCU chlorinates the water 

supply to eliminate any potential issues with coliform bacteria; however, even a tiny amount of 

chlorine can cause iron and manganese to drop out of solution in the water, turning it red. Although 

there are no health risks associated with the red water, LCU has a program to address it, which 

involves a fire hydrant flushing procedure in affected areas. Details are included in the LCU Red 

Water Fact Sheet, included in Appendix N. 

The City is utilizing the highest and best technology available and economically feasible for 

the intended use to ensure conservation of water to the maximum extent practical. In order to 

reduce non -revenue water, the City operates an advanced supervisory control and data acquisition 

system ( SCADA) with redundant flow meters at a number of locations, and conducts numerous 

water and wastewater system rehabilitation projects. The City has performed global positioning 

system (GPS) addressing of utility meters to help locate leaks more quickly, and has implemented 

enhanced meter calibration and automatic meter reading (AMR). A water metering program has 

been implemented recently on most water production and waterline maintenance trucks, to track 

non -revenue water. Another effort to account for non -revenue water is a pilot program to log water 

consumption from the Fire Department Training Facility and hose -testing hydrants, as well as water 

meters on hydrants used for field construction. Annual water and wastewater rehabilitation 

expenditures planned through 2021 range from $7.7 to $15.9 million. Table 11 presents the details 

of the City's 5 -Year Capital Improvement Program for water and wastewater rehabilitation. 

AWWA has set an industry standard goal of less than 10 percent for water losses (AWWA, 

1996). The City has the goal of reducing non -revenue water from 15 percent of total diversions to 

9 percent of total diversions by 2055 through water and wastewater system rehabilitation. This 

reduction of non -revenue water would translate to a reduction of 8 GPCD in terms of total GPCD. 
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Table 9. American Water Works Association (AWWA) water balance 

otal water 
diverted 

authorized 
deliveries 

billed authorized a 
billed metered 

revenue 
billed unmetered 

unbilled authorized b 
unbilled metered 

non -revenue 

unbilled unmetered 

water losses 

apparent losses c 

unauthorized 

customer metering inaccuracies 

systematic data handling errors 

real losses d 

leakage on transmission and /or distribution lines 

leakage and overflows at Utility storage tanks 

leakage on service connections 
a examples include metered deliveries for residential, industrial, commercial, and institutional use, and park and golf course irrigation 
b examples include metered main flushing, sewer cleaning, potable well flushing, non -potable production 

examples include theft and vandalism, custot ter metering inaccuracies, and data handling errors 
examples include line leakage, and storage tank leakage and overflow 

Table 10. City of Las Cruces non -revenue Nvater and total water losses 

year 
total 

diversions, 
ac -ft/yr 

authorized 
deliveries, a 

ac -ft /yr 

non -revenue 
water, 
ac -ft/yr 

percentage of diversion 
that represents 

non -revenue water 

16 

water 
losses, 
ac -ft/yr 

percentage of diversion 
that represents water 

losses 
ILI b 

2010 20,235 
Il 

17,194 3,208 3,041 15 4.24 

2011 21,796 18,487 3,444 16 3,309 15 3.73. 

2012 20,626 17,260 3,464 17 3,366 16 3.69 

2013 19,540 17,268 2,302 12 

16 

2,272 

3,217 

12 2.12 

2014 19,760 16,543 3,241 16 3.36 

2015 19,430 16,674 2,892 15 2,756 14 3.28 

average 20,231 17,238 3;092 15 2,994 15 3.40 

a includes billed (account and bulk sales) and unbilled (main Hushing, sewer cleaning, potable well flushing, non -potable production) metered deliveries 
h ILI = Infrastructure Leakage Index (real losses / unavoidable annual real losses) 
ac -ft/yr - acre -feet per year 
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'Cable 11. Summary of City of Las Cruces 5 -Year Capital Improvement Program 
for water and wastewater rehabilitation 

rehabilitation 
project 

fiscal year expenditures, millions of U.S. dollars 

2016 
(funded) 

2017 2018 2019 2020 2021 

drill replacement wells 2.896 1.846 - - - - 

line extension 0.655 - - - - - 

pump station for well - - 0.464 - 0.492 - 

pump station rehabilitation - 0.070 - 0.072 - 0.074 

rehabilitate pump/PRV - - - - - - 

reservoir rehabilitation - 0.410 - - - - 

SCADA rehabilitation 0.015 0.015 - - - - 

street improvement projects 1.594 1.194 - - - - 

street utility rehabilitation 1.784 0.840 

- 

0.788 0.827 0.868 0.912 

water production - - - - - 

water projects 2015A 8.763 8.763 

total water rehabilitation 15.707 13.138 1.252 0.899 1.360 0.986 

force main rehabilitation 0.168 0.200 0.173 - 0.179 - 

lift station renovations 0.330 0.330 0.340 - 0.350 

line rehabilitation 0.137 0.172 0.176 0.181 0.185 0.190 

line and manhole rehabilitation 0.538 0.100 0.103 0.106 0.109 0.113 

East Mesa water reclamation 0.025 0.225 0.225 0.225 0.225 0.225 

SCADA rehabilitation 0.150 0.100 - - - - 

street improvement project 1.571 1.171 - - - - 

street utility rehabilitation 1.591 1.591 1.639 1.688 1.739 1.791 

VTWTF operations 0.100 0.100 0.100 0.100 0.100 0.100 

WWTF primary clarifier 1.400 1.200 - - - - 

WWTF rehabilitation 3.036 3.227 3.323 3.423 3.526 3.632 

WWTF odor control 0.150 - - - - - 

wastewater projects 2015A 5.011 5.011 - - - - 

total wastewater rehabilitation 14.207 13.427 5.739 6.063 6.063 6.401 

total water and wastewater rehabilitation 29.914 26.565 6.991 6.962 7.423 7.387 

SCADA - supervisory control and data acquisition system 
WWTF - wastewater treatment facility 
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4M WATER CONSERVATION 

4.I. Introduction 

LCU is utilizing the highest and best technology available and economically feasible for 

the intended use to ensure conservation of water to the maximum extent practical. It may not be 

possible to meet the City's water demands by conservation alone, in the case that current and 

future activities in the Lower Rio Grande Basin pose challenges to using existing rights and 

permits to meet demand. 

Las Cruces has adopted a comprehensive Water Conservation Program to ensure the 

long -range sustainability of the City's water supply. While other cities have successfixlly 

implemented demand -side reductions in the face of drought or emergency shortages, Las Cruces 

is implementing its Water Conservation Program proactively and systematically, and in a manner 

appropriate to the conditions and needs of the community. In 2003, Las Cruces City Council 

approved the Water Utility Drought and Water Emergency Response Plan (Appendix O). The 

City's Water Conservation Ordinance was enacted in 1999, and the Phase I 2005 -2010 Water 

Conservation Program was approved by City Council in April 2005. In 2014, a revised and 

simplified version of the Water Conservation Ordinance was enacted (Appendix P), with 

administrative fees for violations of outdoor vegetation watering restrictions and water wasting 

restrictions. The LCU Water Conservation Plan was submitted to NMOSE in 2012, and an 

updated version is appended to this 40 -year plan as Appendix P. 

Future conservation measures will be chosen based on the City's needs and evaluation of 

the Water Conservation Program performance: specifically, shifts in metered demand in response 

to implementation of various conservation measures. Evaluation of long -range success of a 

conservation program, as acknowledged in New Mexico Administrative Code Title 17, Chapter 

14, comes with the understanding that every community is unique and dynamic in its population, 

and commercial and industrial base, and conservation measures should be implemented in a 

manner that is efficient and cost -effective. 

Pursuant to the NMOSE's (1999) definition of conservation, "any action that reduces the 

amount of water withdrawn from water supply sources, reduces consumptive use, reduces the 

loss or waste of water, improves the efficiency of water use, increases recycling and reuse of 

water, or prevents the pollution of water," the City of Las Cruces' Water Conservation Program 
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is being implemented in a comprehensive manner incorporating the highest levels of 

quantification of program performance. Methods of quantification and demand trending are 

being utilized to direct and maintain optimum benefits of actual water conserved with the costs 

of implementation to the community. Whenever possible, conservation shall be reported in 

terms of GPCD, yet it must also be understood that the City is engaged in best management 

practices that may not be quantifiable in terms of GPCD saved. Examples of best management 

practices that conserve water through pollution prevention include the following: 

Wellhead Protection Program 

Industrial Pollution Prevention compliance and enforcement 

Storm Water Management Plan and Ordinance 

Remediation of contaminated sites 

Solid Waste Department Recycling Program 

Las Cruces Dam Environmental Restoration Project 

Rio Grande Riparian Ecological Corridor Project 

Las Cruces is committing substantial economic resources to these best management 

practices, which represent the City's responsibility to the protection of water resources. For 

example, Las Cruces is collaborating with Doña Ana County and the U.S. EPA to remediate the 

Griggs and Walnut groundwater tetrachloroethylene (PCE) plume. LCU Wells 18 and 27 are 

operating as plume capture wells. Water pumped from Wells 18 and 27 is treated and stored in a 

tank, and the City uses the treated water for municipal water supply; treatment system operation 

and reporting to the EPA is being performed voluntarily until LCU has a consent decree with EPA, 

and represents a positive example of proactive water management. 

Las Cruces Dam Environmental Restoration Project represents a fully coordinated effort 

between U.S. Army Corps of Engineers, Las Cruces, and other federal, tribal, and local entities 

to restore over 78 acres of riparian habitat, about 4 acres of playa habitat, and construct several 

acres of emergent wetlands on the east side of Interstate -25 within the City limits. A limited 

amount of reclaimed water from the East Mesa water reclamation facility will facilitate the 

wetlands, and storm runoff will facilitate riparian habitat restoration, with socioeconomic and 

recreational benefits for the community (USACE, 2011). 

Las Cruces is providing up to 15 ac -ft/yr of water under LRG -5818 et al. to Southwest 

Environmental Center for the Rio Grande Riparian Ecological Corridor Project, a wetland 

restoration project. 
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4.2 Baseline Water Conservation 

4.2.1 Water Conservation Program 

The City's Water Conservation Program works to reduce water use among city residents 

and customers, and within the city government, and utilizes the following components: 

Reporting 

Education and on -line resources 

Working with City departments 

Indoor efficiency 

Outdoor efficiency 

Compliance 

Planning 

Ordinances and regulations 

These components to the Water Conservation Program are briefly summarized below, 

and described in detail in the updated version of the Water Conservation Plan appended to this 

40-year plan as Appendix P. 

4.2.1.1 Reporting 

LCU provides GPCD water use reports and AWWA water audits to NMOSE on an 

annual basis. 

4,2,1.2 Education and On -line Resources 

The Water Conservation Program provides education programs for adults and children 

including Lush and Lean Workshops, Water Festival, and Demonstration Garden. The Water 

Conservation Program provides numerous on -line resources on the City's wet-mite 

(http:// www. las- cruces.org/WaterConservation) including: 

Lush and Lean Workshops 

Water Festival 

Demonstration Garden 

Report Water Waste 

Tips for Residential Conservation 

How to Detect Leaks, and How to Read a Water Meter 

Water Efficiency Checklist 

Other Water Conservation Resources, including Calculating Water Needs 
of Plants, and Rainwater Harvesting Resources 
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4.2.1.3 Working with City Departments 

The Water Conservation Program assists the Parks and Recreation Department with 

water conservation by providing water audits, and consulting on irrigation issues, water 

accounts, and level of use. The Water Conservation Program also assists with the Sustainability 

Program (see Section 4.2.6) and Planet Footprint, an energy and environmental scorekeeping 

program to which the City subscribes that monitors the City's electric, gas, and water accounts. 

4.2.1.4 Indoor Water Efficiency 

The Water Conservation Program performs informal water audits for LCU customers 

with high water bills, and promotes indoor water efficiency through educational programs (see 

Section 4.2.1.2). The Water Conservation Program has created a water efficiency evaluation 

form for use by homebuyers, homeowners, and inspectors. 

4.2.1.5 Outdoor Water Efficiency 

The Water Conservation Program performs informal water audits for LCU customers 

with high water bills, and promotes outdoor water efficiency practices such as use of Smart 

irrigation controllers and calculation of water needs of plants (on -line resources provided, see 

Section 4.2.1.2). The City's Demonstration Garden is an educational tool for promoting outdoor 

water efficiency. 

4.2.1.6 Compliance 

The Water Conservation Program assists with compliance to the City's water- conserving 

ordinances and regulations by publicizing the watering rules, receiving calls from community 

members reporting water wasting, and providing field staff to observe and record violations, and 

actively monitor problematic sites. Water Conservation Program staff encourage responsible 

parties to fix problems, and administer notices of violation and fees where called for, variances 

for special situations, and appeals to fees. 
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4.2.1.7 Planning 

The Water Conservation Program provides input and helps develop planning documents 

related to water conservation including: 

Water Conservation Plan 

Drought and Water Emergency Response Plan 

Regional Water Plan 

City Comprehensive Plan 

40 -Year Water Development Plan 

4.2.1.5 Ordinances and Regulations 

The Water Conservation Program has provided input and helped to develop the City's 

Water Conservation Ordinance, and helps with evaluation of proposed legislation. 

4.2.2 Water Conservation Ordinance 

The City's current Water Conservation Ordinance was adopted in August 2014. 

To review the entire Water Conservation Ordinance, refer to Appendix P. It includes an 

odd/even address watering schedule, and restrictions on daytime landscape watering between 

April 1 and September 30. Violators of the Water Conservation Ordinance are subject to 

progressively higher administrative fees until the violation ceases or until a variance is granted. 

Administrative fees are assessed on active City utility accounts. In lieu of paying the first 

administrative fee, the responsible person may have a landscape water audit performed by an 

authorized irrigation auditor. 

4.2.3 Design Standards and Storm Water Ordinances 

The City's Design Standards (Land Development Code, Chapter 32) include requirements 

for urban drainage, soils, plant materials, and erosion control. The City's Storm Water 

Management code (Land Development Code, Chapter 34, Article ITT) promotes the elimination or 

reduction of pollutants from entering the city's municipal separate storm sewer system, control 

over discharges to and from the system, and quality of surface water and groundwater within the 

City limits. The Storm Water Management code includes numerous prohibitions and requirements 

related to discharges, release reporting and cleanup. The Storm Water Management code also 

prohibits the installation of impervious underlayment for landscaping related uses. 
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4.2.4 Water Reclamation 

The City currently practices wastewater reclamation on the East Mesa and on the West 

Mesa. The East Mesa water reclamation facility is used to collect wastewater from interceptors 

serving the East Mesa, High Range, and Sonoma Ranch area, and produces very high quality 

reclaimed water for landscape irrigation, dust suppression, supply to purple fire hydrants, and 

potential supply to a future aquifer storage and recovery project. Customers include the Sonoma 

Ranch Golf Course, Veteran's Park, Sagecrest Park, the closed Foothills Landfill, the City compost 

operation, Las Cruces Dam Environmental Restoration Project, and Centennial High School. The 

facility has the capacity to treat 1,000,000 gallons per day. Peak summer demand from the facility 

is currently about 710,000 gallons per day; however, the facility must ramp down in winter when 

there is very little demand for the water. 

On the West Mesa, reclaimed water is treated at the West Mesa wastewater treatment plant 

and used for sprinkler- irrigation of native vegetation in the West Mesa Industrial. Park. The facility 

has the capacity to treat 400,000 gallons per day, and is currently operating below design capacity. 

4.2.5 Water Rates 

The City's current water rate structure represents a cost -of- service pricing program and is 

not considered a primary conservation tool, although the single- family residential rate increases 

above the 3,000 -gallon volume threshold, and summer rates are higher (City of Las Cruces, 2015). 

Under the cost-of-service pricing program, single- family residential rates are $0.70 per 

1,000 gallons per month (gal /mo) of water up to 3,000 gallons, and $2.08 per 1,000 gallons above 

3,000 gal /mo during the summer period (June through September; $1.89 per 1,000 gallons above 

3,000 gal /mo during the non -summer period). To review rates for commercial, industrial, multi- 

unit, parks, and bulk water categories, refer to Appendix P. 

4.2.6 Sustainability Program 

The City's Sustainability Program draws from a well -established sustainability framework, 

the Triple Bottom Line, designed to help organizations balance economic vitality, environmental 

health, and social responsibility. It is a departure from making decisions based solely on the 

financial bottom -line and refl ects a greater awareness of the impacts of decisions on the 
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environment, society and the economy. The City's Sustainability Action Plan, adopted by the City 

Council in June 2014, includes the following water -related 3 -year objectives for the Sustainability 

Program: 

Monitor water consumption in City facilities and other operations to 
identify variances monthly for departmental review 

Reduce water consumption in City buildings, parks, and operations by 
3 percent of the end of 2013 baseline rate 

Continue reduction of non -revenue water from end of 2013 baseline 
level 

Increase green infrastructure capabilities in four City -owned properties 

Put into place mechanisms to fulfill new National Pollutant Discharge 
Elimination System permit requirements 

These objectives involve collaboration of numerous City departments including LCU, 

Public Works, Parks and Recreation, Information Technology, Fire, Police, and Community 

Development. 

4.3 Water Conservation flan 

The LCU Water Conservation Plan was submitted to NMOSE in 2012, and an updated 

version is appended to this 40 -year plan as Appendix P. The Water Conservation Plan aims to 

meet the City's conservation goals, and meet conditions of approval associated with the City's 

water rights permits. 

The Water Conservation Plan indicates evaluation, continuation, modification, or update of 

the baseline water conservation measures described above in Section 4.2. Some baseline measures 

are relatively new; for example, the process of assessing administrative fees for violations of the 

water conservation ordinance was adopted in 2014, and the full impact of this measure has not yet 

been realized. The new process of assessing administrative fees also offers the opportunity to 

establish a database of repeat offenders. Water efficiency and leak detection audit was 

implemented as a voluntary conservation measure beginning in October 2011. Thus, baseline 

measures have contributed to increased water conservation as customers have become aware of 

these measures; this allows LCU the opportunity for outreach and education to individual 

customers based on data. 
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The Water Conservation Plan evaluates baseline and past water conservation measures, 

and is used to determine whether they are working, need adjustment or modifications, and 

provides for recommendations and improvements. For example, the odd/even address watering 

schedule and the daytime landscape watering restrictions from April 1st through September 30th, 

are working as effective conservation measures to control peak water demand. The educational 

and outreach programs are working, and are continually being extended to homeowners, 

commercial and industrial customers, youth and seniors to encourage water conservation. 

The Water Conservation Plan identifies numerous voluntary, mandatory, and supply -side 

conservation measures to be maintained, enhanced, and evaluated to meet conservation goals 

over the 40 -year planning period. 

4.4 Meeting Total GPCD Goals 

Total GPCD water use goals will be met by implementation of the Water Conservation 

Program, which aims at reducing single -family residential GPCD, working with industrial, 

commercial, and institutional customers, conservation at City facilities, and reducing total non- 

revenue water. A savings of 25 GPCD in terms of single- family residential GPCD, translates to 

a 17 GPCD savings in terms of total GPCD; thus, the City's goals for reducing total GPCD use 

over the next 40 years will be accomplished in part through the reduction of single -family 

residential water use. In addition, the City's goal of reducing total non -revenue water to 

9 percent of total diversions, translates to a reduction of 8 GPCI) in terms of total GPCD; thus, 

the City's goal for reducing total GPCD use over the next 40 years can also be accomplished in 

part through the reduction of non- revenue water. Additional GPCD savings will be achieved 

through the Water Conservation Program by working with industrial, commercial, and 

institutional customers, and through conservation at City facilities. 
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          BEFORE THE OFFICE OF THE SPECIAL MASTER
                  HON. MICHAEL J. MELLOY

 STATE OF TEXAS            )
                           )
         Plaintiff,        )
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                           )     (Original 141)
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******************************************************
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                   LEE WILSON, Ph.D.
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1               THE VIDEOGRAPHER:  The time is 9:03 a.m.

2 We're on the record.

3               (The witness was sworn.)

4               MS. KLAHN:  Before we get started, let's

5 take appearances.  For the State of Texas, I'm Sarah

6 Klahn.  I don't see anyone else on for the State of

7 Texas, but if there's someone else who I've missed,

8 speak up and let me know.

9               New Mexico?

10               MS. THOMPSON:  Yes.  Lisa Thompson on

11 behalf of the State of New Mexico, and I believe it's

12 just me today.

13               MS. KLAHN:  Okay.  United States of

14 America?

15               MR. DUBOIS:  This is Jim Dubois on

16 behalf of the United States, and I believe Chris Rich

17 is from the Solicitor's Department of Interior is also

18 on.

19               MS. KLAHN:  All right.  EBID?

20               MS. ONTIVEROS:  Naomi Ontiveros for Gary

21 Esslinger.  He'll be in and out.

22               MS. KLAHN:  Thank you.

23               MR. DUBOIS:  Sarah, I'm sorry.  I'll

24 also note that -- that Shelly Randel from the

25 solicitor's office is on at least for a while.
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1               MS. KLAHN:  Looks like Ian Ferguson is,

2 too, maybe.

3               MR. DUBOIS:  No -- you're right.  And

4 Ian is, as well.  My apologies.

5               MS. KLAHN:  Okay.  I skipped right over

6 my favorite state, Colorado.

7               MR. HARTMAN:  Thanks, Sarah.  Preston

8 Hartman for the State of Colorado.

9               MS. KLAHN:  How about City of Las

10 Cruces?

11               MR. STEIN:  This is Jay Stein for the

12 City of Las Cruces.

13               MS. KLAHN:  New Mexico State?  Looks

14 like John Utton is on but doesn't want to make a

15 record of his presence.  Anyone else I've missed?

16               MR. UTTON:  I'm sorry, Sarah.  I was

17 muted.  This is John Utton representing NMSU.

18               MS. KLAHN:  Okay.  Thanks.  Anyone else

19 on that wants to make a record of their appearance?

20                   (No response.)

21                   LEE WILSON, Ph.D.,

22 having been first duly sworn, testified as follows:

23                  E X A M I N A T I O N

24 BY MS. KLAHN:

25     Q.   Good morning, Dr. Wilson.  How are you?
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1     A.   Fine.  Thank you.  How are you?

2     Q.   Good.  Have you ever been deposed before?

3     A.   Yes, ma'am.

4     Q.   Could you get a little closer to your

5 microphone?

6     A.   How's that?

7     Q.   Better.  Thank you.

8     A.   I can't get too much closer than this.

9     Q.   No, you can't.  So when was the last time you

10 were deposed?

11     A.   Oh, several years ago.

12     Q.   Okay.  But presumably, you're familiar with

13 the rules of a deposition?  We should endeavor not to

14 speak over each other, so the court reporter can

15 create a clear record.  If you don't understand a

16 question, please ask me to repeat it.  I'll be happy

17 to do so.  If you answer a question, I'm going to

18 assume that you believe you have knowledge to support

19 your answer, and even though this is sort of an

20 extraordinary situation where you're in, what, are you

21 in Albuquerque or Santa Fe right now?

22     A.   Santa Fe.

23     Q.   Santa Fe.  I'm in Denver.  The court reporter

24 is in Houston.  Lisa is in Denver.  We're in all sorts

25 of different places.  The oath you took is good in a
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1     A.   Stuff that was specific -- very specific to

2 Las Cruces.  She said she just didn't have the time to

3 get familiar enough to defend them, and she didn't see

4 any reason why I couldn't write my own report.

5     Q.   Let's go down --

6     A.   Pretty much the stuff that's in my report is

7 what she didn't feel she had time to get on top of.

8     Q.   Okay.  So let's go down to the next bill,

9 which would be for April -- the April bill for -- no,

10 the May bill for April services.  Yeah.  In the month

11 of April, what were you working on?

12     A.   Same stuff.

13     Q.   Okay.  Down to the next bill, which would be

14 the June bill for the month of May.  So what -- this

15 was more hours and more -- a higher total.  What were

16 you -- what were y'all working on in that month?

17     A.   That's when I started drafting my -- my

18 report.  So it was research related to that, then

19 writing and interaction.  There was still going on at

20 that time -- I think in May, we had a hydrology

21 committee meeting, if I recall, on the model -- the

22 state's model.  We were still doing conservation

23 stuff.  Roger was still looking particularly at the

24 USGS model.  We were also looking at -- at -- at

25 the -- the published USGS model.  A lot of that was --
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1 that's when I really started working on -- on the

2 document that ended up being disclosed on the 15th.

3     Q.   Okay.  So let's go to the next bill.  So this

4 would be work done during the month that the New

5 Mexico disclosure came out that had your non-retained

6 expert summary of opinions in it, so some of the time

7 here was presumably spent helping to prepare that; is

8 that right?

9     A.   Correct.

10     Q.   And then after June 15th, what did you work

11 on?

12     A.   Well, I was -- at that point, I was able to

13 look at Dr. Barroll's report and -- and the other

14 reports, I didn't -- as I say, I've only really looked

15 at Peggy's closely.  I began to start pulling together

16 the supporting materials, organizing them.

17     Q.   Okay.

18     A.   I -- I also at that time, there were -- I

19 think that's when I really started looking at

20 depositions.

21     Q.   Which ones?

22     A.   Oh, I want to say -- I don't have a memory in

23 front of me, but I looked at -- at Phil King and Erek

24 Fuchs, Al Blair, Rolf Schmidt-Petersen, John

25 D'Antonio.  I started looking at Estevan Lopez's depo,
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1 but I didn't -- I haven't finished that.

2     Q.   Okay.

3               MS. KLAHN:  Kayla, would you put up the

4 document I e-mailed to Heather this morning?  It's the

5 State of New Mexico's disclosure of rebuttal expert

6 witnesses dated June 15th, 2020.

7               (Exhibit No. 2 was marked.)

8     Q.   (BY MS. KLAHN)  So this has been marked LW002,

9 and it's the document that contains your summary of

10 opinions.  If you could get into that document,

11 Dr. Wilson, and scroll down to Page 4.

12     A.   Okay.  I'm trying to figure out how to

13 accomplish that.

14     Q.   Yeah, it is cumbersome, I know.

15     A.   Page 4?

16     Q.   Yeah.

17     A.   Yeah.

18     Q.   Okay.  So what I see in that first paragraph

19 is a sentence that starts with some preliminaries and

20 says, "Dr. Wilson will provide testimony in rebuttal

21 to the opinions of Dr. J. Phillip King, including

22 Dr. King's statements that, quote, there is currently

23 no effective administrative scheme for non-project

24 groundwater users to offset their impact on the RGP

25 and, therefore, on EBID."  Do you see that?
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1     A.   Yes.  Yes.

2     Q.   And then -- and then the second part of that

3 sentence goes on, "As well as Dr. King's statement

4 that, quote, to further exacerbate the situation,

5 groundwater withdrawals by non-project water users in

6 New Mexico have increased dramatically over the past

7 40 years, end quote."  Do you see that?

8     A.   Yes.

9     Q.   Those -- that is the scope of the opinions

10 that you're responding to; is that correct?

11     A.   I -- I believe so.  There may be some stray

12 thing in there, but that's certainly my focus.

13     Q.   Okay.  The last sentence of that paragraph

14 says, "For his work in this matter, Dr. Wilson has

15 received no compensation other than the compensation

16 he receives from the City of Las Cruces in his

17 capacity as a consultant."  So you are being paid for

18 your work in this case, correct?

19     A.   Yes.  We just saw the bills.

20     Q.   Yes.  Okay.  So let's go through this and

21 then we'll take a look at the documents that your

22 lawyers provided in response to the subpoena.  If you

23 go down to the next page to Page 5, "A summary of the

24 facts and opinions to which Dr. Wilson is expected to

25 testify are as follows."  Number one there
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1 says, "Extensive information on the City of Las

2 Cruces' water supplies and water rights as provided in

3 the City of Las Cruces' 40-year water development

4 plan.  This plan includes projections of the City's

5 growing need to expand its groundwater supplies."  Can

6 you tell me how the information in that Paragraph No.

7 1 relates to the two statements we looked at over on

8 Page 4 that are the scope of your rebuttal opinions in

9 this case?

10     A.   It doesn't -- it isn't directly related to

11 Dr. King.  It's the -- it's a sort -- a foundation

12 document that I rely on for some of the -- the

13 opinions that I express later on.

14     Q.   Okay.  I'm not going to read every single

15 word in this summary of facts and opinions, but if you

16 could just look at Paragraph 2 and --

17     A.   Yes.

18     Q.   -- that relates to the origins of the City of

19 Las Cruces; would you agree?

20     A.   The origins of the City of Las Cruces and the

21 growth -- and its growth over the years.

22     Q.   Okay.  Is that similarly foundational

23 information that you have summarized here in order to

24 respond to Dr. King's testimony?

25     A.   I believe so.  I'm looking at it.  I -- I
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1 think that's correct, yes.

2     Q.   How does the Paragraph 3, which relates to

3 the water supplies for the City of Las Cruces, how

4 does that relate to the opinions expressed by Dr. King

5 that you're responding to?

6     A.   Well, he -- he's talking about -- I would

7 have to go back and see it.  Let me --

8     Q.   Yeah.  You're welcome to move around.

9     A.   No, I -- I'm going to -- basically, he's

10 talking about -- I think I do need to go back.  So

11 he's talking about no effective administrative scheme

12 for non-project groundwater users to offset their

13 impact and groundwater withdrawals by non-project

14 water users have increased.  So the subject is

15 groundwater withdrawals of -- his primary focus is on

16 groundwater withdrawals and so Paragraph 3 and --

17 and -- primarily is where the -- is pointing to where

18 Las Cruces does its groundwater withdrawals.  So,

19 again, that's -- that's a foundation for the actual

20 discussion.  But this is -- this is responding to him

21 by saying this is where our groundwater comes from.

22     Q.   Okay.  And then number -- Paragraph No.

23 4, "The City's groundwater diversions are subject to

24 regulation and oversight by the New Mexico State

25 Engineer.  The City works closely with OSE to ensure
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1 that it remains in compliance with its State of New

2 Mexico permits."

3     A.   Without a period.

4     Q.   Without a period.  Which statements is that

5 responsive to?

6     A.   Again, this's responsive to Dr. King's basic

7 assertion that there is no regulation.  On EBID water

8 users, they're pretty much left untouched.  So this is

9 a initial statement, which I will -- which I elaborate

10 on considerably later on that we are, in fact,

11 regulated and overseen by the state engineer and that

12 we -- that we work very closely with a lot of activity

13 done by the City to make sure we comply with our

14 permits.

15     Q.   So Dr. King's statement, if you want to go

16 back up to Page 4, you're welcome to do so, but

17 Dr. King's statement says, "There's currently no

18 effective administrative scheme."

19     A.   That's what he says.  That's right.  And this

20 is a rebuttal to that.

21     Q.   And for administration, what do you

22 understand Dr. King's scope of the word administration

23 to mean?

24     A.   Something that would effectively manage and

25 control diversions and lead to offsets so that those
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not allowed to fully consume all of the water? 

A. No. There would be no -- there would be no 

practical ability of the City to find some other way 

to use the water such as the reuse project when -

knowing that the supply was not only interruptible, 

but almost constantly interruptible. The City simply 

would not do that. So as a practical matter, the 

exemption is meaningless. It -- the -- the 

requirement is permanent. 

Q. As -- as a legal matter? 

A. No. I'm not a lawyer. But as -- as a 

decision maker, as an engineer, as a water manager, no 

water manager would take a water supply that's so 

unreliable and invest lots of money on the off chance 

that they might get something from it. 

Q. I think you said earlier that you were 

assuming about 90 percent of the pumping at 11,000 

acre-feet would affect the river flow; is that 

correct? 

A. Yes. 

Q. Okay. So ifLRG-430, under LRG-430, 21,869 

acre-feet are pumped, that would effect the river in a 

roughly 90 percent of that; is that correct? 

A. If that ever happened, yes. 

Q. Okay. And then there is some return flow 
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from that, that comes through the wastewater treatment 

plant? 

A There's a return flow from that, yes, and 

from whatever -- from sources like the Jomada should 

they also be being used. 

Q. Correct. Okay. And the -- the increase in 

use in the Jornada started when? 

A. Around 20 -- after 2000, before 2010. 

Q. Okay. All right. 

MR. DUBOIS: Okay. I don't have any 

more questions. Thank you. 

THE WITNESS: Thank you. 

MR. STEIN: If there are no more direct 

questions, I'm going to ask for about ten minutes and 

decide if I'll do any cross. 

MS. KLAHN: All right. Colorado? 

Preston, do you have any questions? 

(No response.) 

MS. KLAHN: I guess not. So ten-minute 

break, Mr. Stein? 

MR. STEIN: Yes. 

THE VIDEOGRAPHER: The time is 2:57 p.m 

We're off the record. 

(Break.) 

THE VIDEOGRAPHER: The time is 3:07 p.m 
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We are on the record. 

MR. STEIN: I have no questions. 

MS. KLAHN: Okay. So I think unless 

anybody -- Preston, going once, going twice? This 

deposition is concluded, and, Kayla, if you could let 

your people know that we do not need a deposition 

setting for tomorrow or do you want us to handle it 

from our end? 

THE VIDEOGRAPHER: No, I can let them 

know. 

MS. KLAHN: Okay. 

THE VIDEOGRAPHER: Okay. The time is 

3:07 p.m. We're off the record. 

(The deposition concluded at 3:07 p.m.) 
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WITNESS CORRECTIONS AND SIGNATURE 
Please indicate changes on this sheet of paper, 

giving the change, page number, line number and reason 
for the change. Please sign each page of changes. 
PAGE/LINE CORRECTION REASON FOR CHANGE 

P. 8, Line 8 "GBCD" should be "GPCD" Transcript correcJiQn 

P. 38, line 20 "deep-couple" should be "decouple" Transcript correction 

P. 53 line 2 "G2" should be "D2" Transcript correction 

P. 60 line 24 Insert "is" before or after "certainly" Transcript correction 

P. 83, line 14 "back" should be "buck" Transcript correction 

~ ~ 
LEE WILSON, Ph.D. 
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(800) 745-1101 

TX_MSJ_001548



(800) 745-1101
Worldwide Court Reporters, Inc.

Page 150

1          IN THE SUPREME COURT OF THE UNITED STATES
2           BEFORE THE OFFICE OF THE SPECIAL MASTER

                  HON. MICHAEL J. MELLOY
3

4  STATE OF TEXAS            )

                           )
5          Plaintiff,        )

                           )     Original Action Case
6  VS.                       )     No. 220141

                           )     (Original 141)
7  STATE OF NEW MEXICO,      )

 and STATE OF COLORADO,    )
8                            )

         Defendants.       )
9

10

THE STATE OF TEXAS :
11 COUNTY  OF  HARRIS :
12     I, HEATHER L. GARZA, a Certified Shorthand
13 Reporter in and for the State of Texas, do hereby
14 certify that the facts as stated by me in the caption
15 hereto are true; that the above and foregoing answers
16 of the witness, LEE WILSON, Ph.D., to the
17 interrogatories as indicated were made before me by
18 the said witness after being first remotely duly sworn
19 to testify the truth, and same were reduced to
20 typewriting under my direction; that the above and
21 foregoing deposition as set forth in typewriting is a
22 full, true, and correct transcript of the proceedings
23 had at the time of taking of said deposition.
24          I further certify that I am not, in any
25 capacity, a regular employee of the party in whose
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1 behalf this deposition is taken, nor in the regular
2 employ of this attorney; and I certify that I am not
3 interested in the cause, nor of kin or counsel to
4 either of the parties.
5

6          That the amount of time used by each party at
7 the deposition is as follows:
8          MS. KLAHN - 03:19:40

         MS. THOMPSON - 00:00:00
9          MR. DUBOIS - 00:28:22

         MR. HARTMAN - 00:00:00
10

11          GIVEN UNDER MY HAND AND SEAL OF OFFICE, on
this, the 6th day of August, 2020.

12

13

                    _____________________________
14                     HEATHER L. GARZA, CSR, RPR, CRR

                    Certification No.:  8262
15                     Expiration Date:  04-30-22
16

Worldwide Court Reporters, Inc.
17 Firm Registration No. 223

3000 Weslayan, Suite 235
18 Houston, TX 77027

800-745-1101
19

20

21

22

23

24

25
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TO ALL PARTIES AND THEIR ATTORNEYS OF RECORD:

Pursuant to Federal Rule of Civil Procedure 26(a)(2) and the Case Management Plan 

adopted by the Honorable Michael J. Melloy, Special Master, on September 6, 2018, as amended

(“CMP”), including the Special Master’s May 26, 2020 Order extending the State of New 

Mexico’s (“New Mexico”) deadline to file expert rebuttal reports for its modeling experts to July 

15, 2020, New Mexico hereby discloses the identities of the following retained non-modeling 

rebuttal experts:

1. Richard Allen, Ph.D., P.E.
Evapotranspiration Plus LLC
631 Saratoga Drive
Twin Falls, ID 83301
(208) 320-2837

2. Margaret Barroll, Ph.D.
691 East Zia Road
Santa Fe, NM 87505
(505) 660-8079

3. Dana L. K. Hoag, Ph.D.
415 E. Laurel St
Fort Collins, CO 80524
(970) 217-3149

4. David Jordan, M.S., P.E.
INTERA
6000 Uptown Boulevard NE
Suite 220
Albuquerque, NM 87110
(505) 246-1600

5. Estevan R. Lopez, P.E.
Estevan Lopez Consulting LLC
P.O. Box 302
Peñasco, NM 87553
(575) 770-0866

6. Lewis Munk, Ph.D.
Munk Consulting, LLC
1074 Sugar Road
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Rio Rancho, NM 87124
(505) 508-9040

7. Jennifer Stevens, Ph.D.
Stevens Historical Research Associates
445 West Main Street
Boise, ID 83702
(208) 426-0206

8. Bryan Thoreson, Ph.D., P.E.
Davids Engineering, Inc.
1772 Picasso Avenue, Suite A
Davis, CA 95618

In accordance with Federal Rule of Civil Procedure 26(a)(2)(B) and the CMP, and 

agreement between the parties, written reports prepared and signed by the above-referenced 

retained experts are served concurrently herewith. Please note that the expert rebuttal report of 

David Jordan, with Intera, generally discusses certain Land IQ proprietary information that 

counsel for Texas asserts cannot be disclosed to individuals who have not executed the 

Acknowledgement of Agreement to Be Bound attached as Exhibit A to the Stipulated Protective 

Order entered October 9, 2019.  Consequently, a copy of Mr. Jordan’s report will be provided 

separately only to individuals who have executed the Acknowledgement of Agreement to Be 

Bound.

With the exception of Mr. Jordan’s rebuttal report, all written reports and supporting data, 

files, and references are available to download using the following link:

https://troutlaw.sharefile.com/d-sfc05695a8414f9b9

New Mexico is also transmitting all reports and other disclosures to the Veritext Vault, 

and will notify all parties and amici when they are available from Veritext.

New Mexico continues to reserve its right to rely upon and use the testimony of any and 

all expert witnesses identified by all parties to this action and to present rebuttal testimony to any 
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such witnesses.  New Mexico also reserves the right to amend or supplement this disclosure 

pursuant to Federal Rules of Civil Procedure 26(a)(2) and 26(e).  

Additionally, pursuant to Federal Rule of Civil Procedure 26(a)(2)(C), New Mexico 

hereby discloses the following non-retained rebuttal expert witness: 

1. Lee Wilson, Ph.D.
Lee Wilson and Associates
105 Cienega Street
Santa Fe, New Mexico 87501

Under Rule 26(a)(2)(C), Dr. Wilson will provide testimony in rebuttal to the opinions of 

Dr. J. Phillip King, including Dr. King’s statements that “[t]here is currently no effective 

administrative scheme for non-Project groundwater users to offset their impact on the RGP and 

therefore on EBID,” United States of America’s Disclosure of Expert Rebuttal Witness Dr. J 

Phillip King at 11, as well as Dr. King’s statement that, “[t]o further exacerbate the situation, 

groundwater withdrawals by non-Project water users in New Mexico have increased 

dramatically over the past 40 years.” Id. Dr. Wilson’s qualifications are summarized in his 

curriculum vitae, attached as Exhibit A.  Dr. Wilson’s opinions are based on his work as a

consultant to the City of Las Cruces for 40 years. For his work in this matter, Dr. Wilson has 

received no compensation other than the compensation he receives from City of Las Cruces in 

his capacity as a consultant.

The subject matter of Dr. Wilson’s expected expert testimony, including a summary of 

the specific facts and opinions, are as follows:

Subject matter: Dr. Wilson will provide opinions on the City of Las Cruces’ water use, 

past, present and future, including locations of Las Cruces wells, the hydrologic isolation of the 

wells located in the Jornado Bolson, and the City’s offsets.
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Summary of facts and opinions: A summary of the facts and opinions to which Dr. 

Wilson is expected to testify are as follows:

1. Extensive information on the City of Las Cruces’ (City) water supplies and water rights is 

provided in the “City of Las Cruces 40-year Water Development Plan” (2017). This plan 

includes projections of the City’s growing need to expand its groundwater supplies. 

2. Las Cruces was founded in 1849, had a population of a few thousand persons when the Rio 

Grande Project was authorized, had a population of about 8,000 when the Rio Grande Compact 

was adopted, had a population of about 43,000 when the Lower Rio Grande Underground 

Water Basin was declared in 1980, and has a current population of more than 100,000 in the 

City limits with considerably more in the service area. 

3. The initial water supplies for Las Cruces were diverted from Acequia Madre de Las Cruces.

Today the City obtains its groundwater supplies from two geologic areas, the Mesilla Bolson 

and the Jornada Bolson.

4. The City’s groundwater diversions are subject to regulation and oversight by the New Mexico 

State Engineer (OSE). The City works closely with OSE to ensure that it remains in compliance 

with its State of New Mexico permits 

5. The City’s LRG-430 et al. combined and comingled water rights are adjudicated at 21,869 

acre-feet per year (AFY) with a priority date of 1905. 

6. The City has steadily developed the LRG-430 et al. water rights over time through diversions 

from dozens of wells, most of which are located in the Mesilla Bolson and are of large capacity 

(several hundred to a few thousand gpm each). 

7. Offsets are not required for the exercise of LRG-430 et al. but in periods of drought (EBID 

allotment less than 2 AFY per acre) the City is required to discharge all of its effluent to the 

river. As a practical matter the City commits all of its effluent to the river all of the time.

8. State Engineer Permits LRG-3283-3285 and 3288-3296 are the City’s permitted groundwater 

rights for 10,200 AFY in the Jornada del Muerto. The City has been diverting Jornada water 

for 30 years. 
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9. Minimal offsets are required for the City’s Jornada wells due to their hydrological isolation 

from the Mesilla Basin and the Rio Grande. 

10. If the City continues to grow as it has in the past, then within a few decades the City expects 

to develop a new source of groundwater, up to 8,000 AFY from wells on the West Mesa under 

permit LRG-3275 et al. The State Engineer requires that river effects from diversions from 

these new West Mesa wells must be fully offset. 

11. At the time the Lower Rio Grande Underground Water Basin was declared in 1980, the City’s 

LRG-430 et al. diversions were almost 11,000 AFY. Currently the City’s total diversions are 

about 21,000 AFY. Of the 10,000 AFY increase in the last 40 years, as much as half has come 

from the City’s Jornada wells. 

12. Overall, the effects of the City’s pumping on the Rio Grande are largely offset by several 

factors, such as the importation of water from the Jornada as discussed above, and the fact that 

some river effects occur at times when the Rio Grande Project is not operating. Also important 

is that the City has a large and continuous discharge of highly treated wastewater directly into 

the Rio Grande above Mesilla Dam.

13. The City owns EBID water rights on more than 1,350 Project acres that have been acquired 

over many years from City extensions of water lines to serve new development on small parcels

with EBID rights, and the purchase of rights from various farms for possible use should EBID 

provide surface water to the City. The annual EBID assessment for these acres is on the order 

of $120,000 per year. 

14. Fallowing of these rights, as now occurs on most of the tracts, effectively increases the supply 

to other EBID farms. Formal retirement of the acreage and transfer of the rights into City 

permits would provide offsets to stream effects from City pumping that remain after the 

considerations discussed in paragraph 12 are accounted for.

15. The 1938 “Rio Grande Joint Investigation in the Upper Rio Grande Basin,” documents water 

uses that were part of the Project at that time. This report indicates that the acreage for the 

Elephant Butte Irrigation District includes lands for “Cities, Towns and Villages.” Based on 

Census data for 1940, in 1938 the only “City” using water within the District was Las Cruces. 
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16. The effects of the City’s pumping as of 1978 when the D2 curve was adopted by the Bureau 

of Reclamation are appropriately discussed in the report of Dr. Peggy Barroll. 

17. In summary, since it was first established in 1849, the City has diligently developed its water 

supply with important benchmarks that include the initiation of the LRG-430 et al. diversions 

with a 1905 priority, and diversions of nearly 11,000 AFY existing when the Lower Rio Grande 

Underground Water Basin was declared in 1980. 

18. Pumping effects are limited because a large component of the current supply is imported from 

the Jornada, and effects that may occur are compensated for by a large wastewater discharge 

directly to the river, and may be offset by fallowing of the City’s EBID water rights.
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Respectfully submitted: June 15, 2020

HECTOR H. BALDERAS

Attorney General of New Mexico
TANIA MAESTAS

Chief Deputy Attorney General
CHOLLA KHOURY

Assistant Attorney General
STATE OF NEW MEXICO

P.O. Drawer 1508
Santa Fe, New Mexico 87501
505-239-4672

JEFFREY WECHSLER

Special Assistant Attorney General 
MONTGOMERY & ANDREWS

325 Paseo de Peralta 
Santa Fe, NM 87501 
505-986-2637

JOHN DRAPER

Special Assistant Attorney General
DRAPER & DRAPER LLC
325 Paseo de Peralta
Santa Fe, NM 87501
505-570-4591

MARCUS J. RAEL, JR.*
LUIS ROBLES

Special Assistant Attorneys General
ROBLES, RAEL & ANAYA, P.C.
500 Marquette Avenue NW,
Suite 700
Albuquerque, New Mexico 87102
505-242-2228
marcus@roblesrael.com
*Counsel of Record

BENNETT W. RALEY

LISA M. THOMPSON

MICHAEL A. KOPP

Special Assistant Attorneys General
TROUT RALEY

1120 Lincoln Street, Suite 1600
Denver, Colorado 80203
303-861-1963
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No. 141, Original 

IN THE

SUPREME COURT OF THE UNITED STATES

STATE OF TEXAS,  
Plaintiff,

v.

STATE OF NEW MEXICO and 
STATE OF COLORADO, 

Defendants. 

OFFICE OF THE SPECIAL MASTER

STATE OF NEW MEXICO’S CERTIFICATE OF SERVICE

This is to certify that on the June 15, 2020, I caused a true and correct copy of the State of New 
Mexico’s Disclosure of Rebuttal Expert Witnesses to be served by e-mail on all counsel of 
record and interested parties on the Service List, attached hereto.

Respectfully submitted this June 15, 2020. 

/s/
Michael A. Kopp 
Special Assistant Attorney General
TROUT RALEY
1120 Lincoln Street, Suite 1600 
Denver, Colorado 80203 
(303) 861-1963
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MICHAEL E. GANS TXvNM141@ca8.uscourts.gov
Clerk of the Court (314) 244-2400
United States Court of Appeals – Eighth Circuit
Thomas F. Eagleton United States Courthouse
111 South 10th Street, Suite 24.329
St. Louis, MO 63102

UNITED STATES

JAMES J. DUBOIS* james.dubois@usdoj.gov
R. LEE LEININGER (303) 844-1375
THOMAS K. SNODGRASS Lee.leininger@usdoj.gov
DAVID W. GEHLERT (303)844-1364
U.S. DEPARTMENT OF JUSTICE Thomas.snodgrass@usdoj.gov
Environment & Natural Resources Division (303)844-7233
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Denver, Colorado 80202 Seth.allison@usdoj.gov
SETH C. ALLISON, Paralegal (303)844-7917
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Solicitor General (202)514-2217
JEAN E. WILLIAMS
Deputy Assistant Attorney General
FREDERICK LIU
Assistant to the Solicitor General
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Washington, DC 20530-0001
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U.S. DEPARTMENT OF JUSTICE (916) 930-2204
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FIGURE 1: The Rio Grande basin 
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FIGURE 2: The Upper Rio Grande basin 
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FIGURE 3: Groundwater wells in  

New Mexico in 1938 
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FIGURE 4: Groundwater wells in  

New Mexico in 2020 
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FIGURE 5: Map of Rio Grande Project Area 
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FIGURE 6: Table 90 of the JIR 
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FIGURE 7: Illustration of a Gaining Stream  

(from Winter and others, 1988) 
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FIGURE 8: Illustration of a Losing Stream  

(from Winter and others, 1988) 
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FIGURE 9: Illustration of a Disconnected Stream  

(from Winter and others, 1988) 
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FIGURE 10: Schematic of Rio Grande and Groundwater System 

Interaction Prior to Development of Groundwater  

Pumping in Rincon and Mesilla basins 
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FIGURE 11: Schematic of Rio Grande and Groundwater System 

Interaction After Development of Groundwater  

Pumping in Rincon and Mesilla basins 
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I, Scott A. Miltenberger, declare as follows: 

1. I am a professional consulting historian, specializing in water and natural 

resources issues.  I am a partner at JRP Historical Consulting, LLC (JRP), located at 

2850 Spafford Street, Davis, CA 95618.  My qualifications to render the opinions contained in 

this Declaration are set forth in my professional resume, attached hereto as Attachment 1 and 

incorporated herein by this reference. 

2. I have been retained as an expert by Somach Simmons & Dunn to provide 

expert opinions and testimony on behalf of the State of Texas as to the history and historical 

issues concerning the Rio Grande Compact of 1938 (“Compact” or “Compact of 1938”).  

3. To develop my expert opinions, I researched, collected, and analyzed 

thousands of archival documents, published primary and secondary sources, and academic 

monographs over the course of eight years.  This material was obtained by myself, my former 

business partner (now retired) Mr. Stephen Wee, and JRP staff under my direction (all of 

whom possess graduate degrees in history) from several federal, state, and local records 

repositories. These include: 

 The National Archives in Washington, DC; 

 The National Archives at College Park, Maryland; 

 The National Archives at Denver, Colorado; 

 The National Archives at Fort Worth, Texas; 

 The Dolph Briscoe Center for American History at The University of Texas at 
Austin; 

 The Texas State Archives in Austin; 

 The C.L. Sonnichsen Special Collections Department of the University of 
Texas at El Paso; 

 The El Paso Historical Society; 

 The New Mexico State Records Center and Archives in Santa Fe; 

 The University of New Mexico Center for Southwest Research and Special 
Collections in Albuquerque; 

 The New Mexico State University Archives and Special Collections in Las 
Cruces; 
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 History Colorado (formerly the Colorado Historical Society) in Denver; 

 The Water Resource Archives at Colorado State University, Fort Collins; 

 The American Heritage Center at the University of Wyoming in Laramie; 

 The Water Resources Collections and Archives at the University of California, 
Riverside; and 

 The Harvard Law School Library, Historical and Special Collections, in 
Cambridge, Massachusetts. 

4. I have also examined documents produced in this litigation by the states of 

Texas, Colorado, and New Mexico, and the United States. I have reviewed expert reports 

submitted in this action by New Mexico and the United States.  I further reviewed the First 

Interim Report of the Special Master and the historical documents appended to that Report. 

5. Based on my review of the historical record of the Rio Grande Compact of 

1938, the following sub-paragraphs are a summary of my opinions regarding the states’ 

agreed-to apportionment of the Rio Grande.  I have, in brackets, indicated the specific 

locations within this declaration that provide support in the historical record for these 

opinions.  True and correct copies of all the references contained in the footnotes of this 

declaration are attached as Attachment 2.  The references may also be viewed in the electronic 

version of this declaration by selecting the links embedded in the footnote citations. 

a. The Rio Grande Compact of 1938 was rooted in the conflicts over 

upstream depletions in the Upper Rio Grande Basin that began in the late-nineteenth 

century and persisted into the twentieth century.  The issue of depletions and 

responses to that issue – the 1896 federal embargo, the federal Rio Grande 

Reclamation Project (“Rio Grande Project,” or “Project”); the 1906 Mexican treaty, 

the Compact negotiations of the 1920s and 1930s, Texas’s suit against New Mexico, 

and the Rio Grande Joint Investigation – shaped the Compact’s “equitable 

apportionment” [paragraphs 6-19]; 

b. That “equitable apportionment” did not assign a specific quantity of 

water to each state.  Rather, because the water resources of the basin were considered 

to be fully appropriated, the Compact was designed effectively to freeze depletions at 
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the Colorado-New Mexico state line and at San Marcial to “present conditions” to 

ensure “present uses” of water downstream of these points as of 1938.  All three states 

nonetheless had “freedom of development” of their waters, provided depletions did 

not exceed those permitted by the Compact [paragraphs 20-28]; 

c. For Texas specifically in 1938, “present uses” required flows to be 

delivered by New Mexico at San Marcial to produce a 790,000 acre-feet (af) average 

annual release from Elephant Butte Dam.  Only by diversion and re-diversion through 

the Rio Grande Project could this water serve lands in Texas down to Ft. Quitman 

pursuant to the Compact.  Development of the Project rendered a state line delivery to 

Texas by New Mexico impossible, and thus San Marcial, at the head of the reservoir 

created by the federal dam, became the de facto state-line delivery to Texas 

[paragraphs 29-46]; and 

d. The historical record indicates that groundwater was not considered a 

source of water augmentation to the existing surface water supply at the time of the 

Compact.  Hydrological investigations prior to and following the Compact highlighted 

an interdependence between basin groundwater and surface flows in the Rio Grande.  

Later studies suggested groundwater could be used as a supply in times of drought or 

even a sustainable source of water within certain limits but recognized that 

groundwater extraction would ultimately deplete surface flows below Elephant Butte. 

By at least the 1950s, the New Mexico State Engineer was aware of this as well, and 

by the 1980s acknowledged that groundwater pumping since the 1950s imperiled the 

Compact [47-62]. 
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CONFLICTS OVER UPSTREAM DEPLETIONS IN THE UPPER  
RIO GRANDE BASIN FORM THE ESSENTIAL HISTORICAL CONTEXT  

OF THE RIO GRANDE COMPACT OF 1938 

6. Conflicts over upstream depletions in the Upper Rio Grande Basin form the 

essential historical context for the Rio Grande Compact of 1938.  Water users in Mexico near 

Juarez, in New Mexico’s Mesilla Valley, and in Texas’s El Paso Valley began complaining in 

the 1890s that diversions within Colorado’s San Luis Valley, near the Rio Grande headwaters, 

diminished river flows reaching their lands.  In response to Mexican protests, the federal 

government imposed an “embargo,” or moratorium, on the use of federal land for reservoirs 

and other water facilities in 1896.1  This action largely forestalled further private irrigation 

efforts in San Luis Valley, and facilitated both development of the federal Rio Grande 

Reclamation Project in New Mexico and Texas (authorized by Congress in 1905, extending 

the provisions of 1902 Reclamation Act) and an international treaty with Mexico in 1906.2  

Water from the Project’s Elephant Butte Dam was to serve Mexico under the treaty and lands 

in southern New Mexico and western Texas by contract.  Despite agitation by Colorado, 

federal authorities retained the embargo with little modification into the 1920s to protect the 

waters intended for Elephant Butte from upstream depletions.3 

 
1 D.B. Francis, Secretary, to The Commissioner of the General Land Office, December 5, 1896. ff. 
RG48 E-631 Rio Grande Project, Contract, Suspension of Applications for use of water of the Rio 
Grande, Box No. 41 Rio Grande, Rouge Canyon, Sacramento Valley, Saint Mary’s River, Salt River, 
Entry 631 Records Relating to Specific Reclamation Projects 1889-1907, Records of the Department 
of the Interior, Office of the Secretary, Record Group 48 [hereafter RG 48], National Archives at 
College Park, Maryland [hereafter NARA II]; and National Resources Committee, Regional Planning 
Part VI – The Rio Grande Joint Investigation in the Upper Rio Grande Basin in Colorado, New 
Mexico, and Texas 1936-1937, vol. 1 (GPO, 1938) [hereafter JIR], 8. 
2 An Act Relating to the construction of a dam and reservoir on the Rio Grande, in New Mexico, for 
the impounding of the flood waters of said river for purposes of irrigation, February 26, 1905, chap. 
798, Public No. 104, 33 Stat. 814; Proclamation of the Convention Between the United States and 
Mexico, signed at Washington on May 21, 1906, Providing for the equitable distribution of the waters 
of the Rio Grande for Irrigation Purposes, January 16, 1907.  Folder 690, Rio Grande Project. Corres. 
With Secy of State and Others as to Claims of Mexico.  June 1, 1905 to Dec. 31, 1909, Box 823 Rio 
Grande, 874A- -690, Entry 3 General Administrative and Project Records, 1902-1919 [hereafter Entry 
3], Record Group 115, Records of the Bureau of Reclamation [hereafter RG 115], National Archives 
at Denver [hereafter NARA-Denver]; and JIR, 8. 
3 Ottamar Hamele, “The Embargo on the Upper Rio Grande,” November 11, 1924, 13-15, and 20-30.  
8-3 Rio Grande Distribution of Waters (Loose File), Box 1638 8-3, Rio Grande C-D, Central 
Classified File 1907-1936 [hereafter CCF 1907-36], RG 48, NARA II; and JIR, 8. 
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7. In the early 1920s, Colorado sought to conclude an interstate compact solely 

with New Mexico to obtain relief from the embargo.  Concern about renewed upstream 

depletions in the wake of a Colorado-New Mexico compact led Texas to push for its inclusion 

in the negotiations, and the upstream states acquiesced.4  Revocation of the embargo in 1925 

and federal approval of new right-of-way applications in Colorado prompted New Mexico to 

withdraw from the negotiations.5 

8. The three states did not meet again until December 1928. At that conference, 

Colorado argued that construction of a Colorado state line reservoir would not impair flows to 

New Mexico and Texas, that it would only make use of waters otherwise wasted in the basin 

or lost to Mexico, and in fact, the downstream states stood to benefit from augmented flows 

into Elephant Butte created by upstream storage.  New Mexico and Texas, however, feared 

that Colorado’s plans would imperil water projects in their respective states.  New Mexico 

expressed concern for the fledgling Middle Rio Grande Conservancy District (“MRGCD”) 

project above San Marcial and insisted that a quantity of water for delivery at the Colorado-

New Mexico state line be fixed.  Texas was protective of the Project’s water supply which it 

maintained served lands down to Ft. Quitman.6 

 
4 First Meeting, Rio Grande River Compact Commission, Breadmoor Hotel, Colorado Springs, Colo., 
Sunday, October 26, 1924, 1-37. Folder 1. First Meeting Rio Grande Compact Commission. Oct. 26, 
1924, Box 02-D.002, MS 0235 Elephant Butte Irrigation District Records, 1883-1981, Rio Grande 
Historical Collections, New Mexico State University Archives and Special Collections, Las Cruces 
5 Hubert Work to The Commissioner of the General Land Office, Rio Grande Embargo, May 20, 
1925. ff. 032.02 Rio Grande Basin Water Rights; Rio Grande River Basin Embargo. THRU 1925 
Transfer Case, Box No. 924 Rio Grande Basin 023.- -032.02, Entry 7, Project Files, 1919-1929, 
General Administrative and Project Records, 1919-1945 [hereafter Entry 7], RG 115, NARA Denver; 
J.O. Seth, Rio Grande Commissioner for New Mexico, to Hon. A.T. Hannett, Governor of New 
Mexico, June 1, 1925. ff. Gov. Arthur T. Hannett Rio Grande Compact Commission, 1925, 209, Box 
5, Serial No. 14153, Governor Arthur T. Hannett report, penal papers, New Mexico State Records 
Center and Archives, Santa Fe [hereafter NMSA]. 
6 Proceedings of the Rio Grande Compact Conference, Held December 19-20-21, 1928, At Santa Fe, 
New Mexico, 3, 10-11, and 13-19. ff. Rio Grande Compact Commission Records, 1924-1941, 1970, 
Richard F. Burges Papers, Proceedings of the Rio Grande Compact Conference Held Dec. 19-20-21 at 
Santa Fe, N.M. (Title page, 78 pp.), Box 2F471, Rio Grande Compact Commission Records, 
1924-1941, 1970 [hereafter RGCCR, 1924-1941, 1970], Dolph Briscoe Center for American History, 
The University of Texas at Austin [hereafter UTA]. 
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9. The resulting temporary compact of February 1929 reflected the impasse 

among the states over the question of whether proposed upstream developments would 

deplete flows to the detriment of existing uses downstream.  The compact provided for 

construction of a Closed Basin drain and a “State line reservoir” by the federal government 

(Article II) and the establishment of several stream-gaging stations to gather flow data 

(Article III).  The compact also restricted any further upstream depletions until consummation 

of a permanent compact.  Neither Colorado at the state line (Article V) nor New Mexico at 

Elephant Butte (Article XII) was to “cause or suffer the water supply” of the river “to be 

impaired by new or increased diversions or storage” during the duration of this compact, 

which was set to expire in June 1935.  New Mexico further recognized that “prior vested 

rights above and below Elephant Butte Reservoir shall never be impaired hereby” 

(Article XII).  Whether a “closed basin drain and the State line reservoir be built” in Colorado 

prior to the compact’s expiration, the commissioners for each state were to meet in June 1935 

for “the purpose of concluding a Compact . . . providing for the equitable apportionment of 

the use of the waters of the Rio Grande among said States” (Article VII).7 

10. When negotiations for a permanent compact resumed in December 1934, little 

progress was made.8  The following month, Colorado made a detailed presentation, arguing 

once more that reservoir construction in the San Luis Valley would not deplete downstream 

 
7 Francis C. Wilson, Rio Grande Compact Commissioner, Rio Grande Compact: Report of 
Commissioner for New Mexico and Memorandum of Law on Interstate Compacts on Interstate 
Streams 2/19/29, 4 (Article II), 5-6 (Article III), 6 (Article V), 7 (Article VII), and 9 (Article XII), and 
11-21. ff. 032.1, Rio Grande Basin.  Water Rights: Rio Grande Compact.  THRU 1929., Box 924 Rio 
Grande Basin 023.- -032.02, Entry 7, RG 115, NARA Denver.  
8 Proceedings of the Rio Grande Compact Conference held at Santa Fe, New Mexico, 
December 10-11, 1934, 1-38. ff.  Proceedings of the Rio Grande Compact Commission, Santa Fe, 
New Mexico.  1934-1935, Box 62, Series 7: Publications and reports, 1856-1992 and undated 
[hereafter Series 7], Subseries 7.1: Compacts and rivers, 1893-1986 and undated [hereafter Series 7.1], 
Papers of Delph E. Carpenter and Family [hereafter PDECF], Water Resources Archives [hereafter 
WRA], Colorado State University, Fort Collins [hereafter CSU-FC]; and S. O. Harper to Secretary of 
the Interior, December 14, 1934. File No. 8-3 (Part 2), Rio Grande-Distribution of Waters-Compact, 
C-D, August 18, 1930-February 25, 1936, Box 1638, CCF 1907-1936, RG 48, NARA II. 
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flows. New Mexico and Texas, although not convinced, agreed to a two-year extension of the 

temporary compact, until June 1937, to consider Colorado’s proposal in detail.9 

11. During this period, concern in Texas that MRGCD’s operations within the 

Middle Rio Grande Valley were impairing the Elephant Butte water supply in violation of the 

1929 compact led the state to file a complaint against New Mexico and the district in the 

United States Supreme Court in October 1935.10  After extensive hearings, citing the current 

investigation by the National Resources Committee (“NRC”) and at the request by counsel 

representing Texas, New Mexico, and MRGCD, Special Master Charles Warren 

recommended postponement of the case until January 1938, to give the states an opportunity 

to conclude a compact. The Supreme Court subsequently approved his recommendation, and 

adoption of the 1938 Compact brought an end to the suit.11 

12. The investigation referenced by Warren was a direct outgrowth of the 

stalemate in the Upper Rio Grande Basin over the question of permissible upstream 

depletions.  The NRC – a special working group within the Roosevelt administration that 

 
9 Proceedings of the Rio Grande Compact Commission, Santa Fe, January 28-30, 1935, 1-45. ff.  
Proceedings of the Rio Grande Compact Commission, Santa Fe, New Mexico. 1934-1935, Box 62, 
Subseries 7.1, Series 7, PDECF, WRA, CSU-FC. 
10 The State of Texas, By Wm. McCraw, Its Attorney General, H. Grady Chandler, Assistant Attorney 
General, Richard F. Burges, Walter S. Howe, Edwin Mechem, Of Counsel, Supreme Court of the 
United States, October Term, 1935, No. – Original, State of Texas, Complainant, vs. State of New 
Mexico, et al., Motion for Leave to File Bill of Complaint and Bill of Complaint [October 29, 1935].  
w. Texas’ Briefs, A.G. 51-238, State of Texas v. State of New Mexico, et al., Box 1993/127-1, 
Litigation Files, Texas Attorney General [hereafter LF-TAG], Texas State Archives, Austin [hereafter 
TSA]. 
11 Special Master to Richard F. Burges, Esquire, March 26, 1937. ff.  4-1 Warren Charles, 
Correspondence re Texas v. New Mexico June 1936; State of Texas v. State of New Mexico, No. 12 
Original, 1936 Term, Statement by Special Master, March 5, 1937, 4-7. ff.  Warren Charles, 
Correspondence re Texas vs. New Mexico / March, 1937, Box 4 Correspondence, Notes, Reports re: 
Texas vs. New Mexico, Series 1: Materials re: cases, Charles Warren Papers 1885-1954, Manuscripts 
Unit, Harvard Law School Library, Historical and Special Collections, Cambridge, Massachusetts; 
Supreme Court of the United States, October Term 1936, No. 12 Original, State of Texas vs. State of 
New Mexico, et al., Ad Interim Report of the Special Master, received Mar. 26, 1937, 9-10 and 12-13; 
and Supreme Court of the United States, October Term 1936, No. 10 Original, State of Texas vs. State 
of New Mexico, et al., Final Report of the Special Master, filed Sep. 25, 1939, 4-6. ff. RG 267, Entry 
26, TX v NM #10, Box 401 1939 to 1939 PI 139, Entry 26, Original Jurisdiction Case Files, 1792-
2005 [hereafter Entry 26], Record Group 267, Records of the Supreme Court of the United States 
[hereafter RG 267], National Archives Building, Washington, DC [hereafter NAB].  
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aimed to foster planned development of the nation’s natural resources – appointed a “Board of 

Review” (“Board”) in September 1935, a month prior to Texas’s filing in the Supreme Court, 

“to consider various projects and problems related to the use and control of waters” in the 

Upper Rio Grande Basin.12 

13. Surveying the problems posed by increased water consumption above existing 

projects, the Board concluded in September 1935 that “the water resources of the Rio Grande 

were fully appropriated.”  The most established uses of the Rio Grande flow, reflecting the 

basin’s history, emanated from the waters stored in Elephant Butte for the Rio Grande Project.  

The Board expressed concern that proposed and existing upstream projects in New Mexico 

above San Marcial (notably, MRGCD’s) and in Colorado’s San Luis Valley imperiled this 

supply.13 

14. By the 1930s, the Project had been fully developed.  Waters entering the 

federal dam not only fulfilled the 1906 Mexican treaty obligation of 60,000 af annually, but 

also served lands downstream to Ft. Quitman.14  Under notices of appropriation filed with the 

New Mexico territorial engineer, the United States Reclamation Service (predecessor to the 

Bureau of Reclamation, or BOR) claimed 730,000 af annually in 1906, and “[a]ll of the 

unappropriated water of the Rio Grande and its tributaries” at Elephant Butte in 1908.15 

 

 
12 JIR, 10. 
13 “Report of the Rio Grande Board of Review,” September 13, 1935, 1, and 3-8.  Folder 390-Rio 
Grande Joint Investigation Purpose and Organization, 1935-1937 [hereafter Folder 390], Box 26, 
Frank Adams Collection [hereafter FAC], Water Resources Collections and Archives, University of 
California, Riverside [hereafter WRCA]. 
14 JIR, 83-84. 
15 B.M. Hall, Supervising Engineer to Mr. David L. White, Territorial Irrigation Engineer, Jan. 23, 
1906. ff.  41 New Mexico, Water Appropriations- -General, Thru 1910, Box 6 38C- -41; and 
Supervising Engineer [Louis C. Hill] to Mr. Vernon L. Sullivan, Territorial Engineer, Subject: 
Supplemental notice of the intention of the United States to use the waters of the Rio Grande for 
irrigation purposes on the Rio Grande Project, April 14, 1908. ff.  41-D New Mexico.  Water 
Appropriations.  RIO GRANDE PROJECT THRU 1910, Box 9 41B- -41D, Entry 3, RG 115, NARA 
Denver.  
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15. Absent importation of water from outside the basin, the Board believed 

“adjustments in use rather than new uses” was required.16  It therefore recommended certain 

projects already approved by certain agencies be disapproved and that no future projects for 

the Upper Rio Grande Basin’s waters proceed without the NRC’s prior approval.  A 

September 1935 executive order adopted this recommendation, and effectively reinstated the 

embargo.17 

16. The Board also proposed a joint federal-state investigation to develop the 

information that would assist the states in formulating a permanent compact.18  The Rio 

Grande Compact Commission embraced this idea when it was presented by NRC 

representatives in December 1935, provided that the investigation would be limited to the 

“collection, correlation and presentation of factual data.”19 

17. Available in the late summer of 1937 and published in February 1938, the Rio 

Grande Joint Investigation report, or JIR, compiled a considerable amount of information.  It 

described the Upper Rio Grande Basin’s geography and known hydrology and surveyed all 

the important events leading to the investigation, beginning with the nineteenth-century 

protests over upstream depletion.  Laying out the water resources problem of the basins, the 

monumental report offered data and detailed analyses of hydrology, hydrogeology, irrigation 

development and irrigated acreage, and water uses and requirements for the basin’s three 

major sections defined by geography and history – Colorado’s San Luis Valley, New 

 
16 “Report of the Rio Grande Board of Review,” September 13, 1935, 1. Folder 390, Box 26, FAC, 
WRCA. 
17 “Report of the Rio Grande Board of Review,” September 13, 1935, 8. Folder 390, Box 26, FAC, 
WRCA; and Franklin D. Roosevelt, To Federal agencies concerned with projects or allotments for 
water use in the Upper Rio Grande Valley above El Paso, September 23, 1935.  File No. 8-3 (Pt. 7). 
Reclamation Bureau - Rio Grande Project - Rio Grande River - Distribution of Waters – General,  
February 6, 1933 to December 12, 1956, Box 1642, 8-3, Rio Grande, R, Riverton, CCF 1907-1936, 
RG 48, NARA II. 
18 “Report of the Rio Grande Board of Review,” September 13, 1935, 10. Folder 390, Box 26, FAC, 
WRCA. 
19 “Resolution Passed by Rio Grande Compact Commission at Santa Fe, New Mexico,” December 3, 
1935, 1-2. Folder 401-Rio Grande Compact Commission Resolutions, 1935-1937, Box 26, FAC, 
WRCA. 
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Mexico’s Middle Rio Grande Valley above San Marcial, and the lands between Elephant 

Butte and Ft. Quitman – all to assist in apportioning the Rio Grande waters to meet present 

and future needs in these sections.20 

18. With information from the JIR, the Rio Grande Compact engineering advisors,

Royce Tipton for Colorado, John Bliss for New Mexico, Raymond Hill for Texas, and 

E.B. Debler for the United States, developed the “technical basis” for a Compact that was 

adopted in March 1938 and apportioned the waters of the Rio Grande.21  Central to that 

apportionment were two delivery schedules for the basin’s three sections: one for Colorado to 

New Mexico near the state line (Article III), and another for New Mexico to Texas at the head 

of Elephant Butte Reservoir (Article IV).22  These delivery points were effectively the same 

points that the 1929 compact had used to restrict depletions.  These schedules, in Tipton’s 

words, “would insure each section of the basin against injury by acts of water uses in another 

section and yet would permit of the construction and operation of additional reservoirs above 

Elephant Butte Reservoir.”23 

19. Upstream depletions have continued to be a source of conflict despite the

Compact.  On two prior occasions, Texas has defended its downstream supply against the 

upstream states.  In 1951, the state revived its suit against New Mexico and MRGCD, alleging 

once again that district operations were diminishing flows that should reach Elephant Butte 

20 Proceedings of the Meeting of the Rio Grande Compact Commission Held in Santa Fe, New 
Mexico, September 27, to October 1, 1937, 1 and 6-8.  Unnamed folder 5, Box 2F463, Rio Grande 
Compact Comm'n. Frank B. Clayton Papers [hereafter RGCC-FBCP], UTA; and JIR, 7-18 and 
passim. 
21 R.J. Tipton, Analysis of Report of Committee of Engineers to Rio Grande Compact Commissioner, 
Dated December 27, 1937 (February, 1938), 1. ff.  70, Box 44-70, MSS 312 Michael Creed 
Hinderlider Collection, 1897-1987 [hereafter MCHC 1897-1987], History Colorado, Denver [hereafter 
HC]; and “Rio Grande Compact,” in Proceedings of the Meeting of the Rio Grande Compact 
Commission Held at Santa Fe, March 3rd to March 18th, inc., 1938, Appendix No. 11, 72-82. ff.  
032.1 Rio Grande Basin, Corres. re Compact between States of Colorado; New Mexico & Texas re 
Rio Grande Basin Water Rights Jan. 1938 thru May 1939, Box No. 936 Rio Grande Basin 023._246., 
Entry 7, RG 115, NARA Denver. 
22 “Rio Grande Compact,” Article III and Article IV, in Proceedings of the Meeting of the Rio Grande 
Compact Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 74-78. ff.  032.1, 
Box No. 936, Entry 7, RG 115, NARA Denver. 
23 Tipton, Analysis, 6. ff. 70, Box 44-70, MCHC 1897-1987, HC. 
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pursuant to the Compact.24  In 1966, Texas and New Mexico together filed suit in the 

Supreme Court against Colorado, alleging that the upstream state was failing to adhere to its 

Compact delivery obligations and was depleting the waters available downstream.25 

 

“PRESENT CONDITIONS” AND “PRESENT USES” IN 1938 STRUCTURED THE 
“EQUITABLE APPORTIONMENT” OF THE WATERS OF THE RIO GRANDE IN 
THE UPPER RIO GRANDE BASIN AMONG THE STATES OF COLORADO, NEW 

MEXICO, AND TEXAS 

20. “Present conditions” and “present uses” in 1938 structured the “equitable 

apportionment” of the waters of the Rio Grande in the Upper Rio Grande Basin among the 

states of Colorado, New Mexico, and Texas.  In developing the basis for an apportionment in 

the fall of 1937, the Rio Grande Compact engineering advisors “avoided discussion of the 

relative rights of waters users in the three States,” and did not assign each state a fixed 

quantity of water.26  They concurred with the Board and the JIR that only water from outside 

the basin could address all on-going and then-planned water uses in the basin fully, and did 

not consider the development of groundwater as an additional source of supply.27 

 
24 In the Supreme Court of the United States, October Term, 1951, No. . . . , Original, State of Texas, 
Plaintiff, v. State of New Mexico, et al. Defendants, Motion for Leave to File Complaint and 
Complaint, 2-3, and 10-14.  The complaint was eventually “dismissed because of the absence of the 
United States as indispensable party.  No. 9. Orig – State of Texas v. State of New Mexico, et al., Filed 
April 28, 1952, 6-24-58. ff.  RG 267 Entry 26 TX v. NM #9, Box 459 1957 (Begin TX v. MN #9) to 
1957, Entry 26, RG 267, NAB. 
25 In the Supreme Court of the United States, October Term, 1966, No. . . . , Original, State of Texas 
and State of New Mexico, Plaintiffs, v. The State of Colorado, Defendant, Motion for Leave to File 
Complaint and Complaint, 2-3, and 5-7.  This suit was ultimately settled by the states out of court.  
Vince Taylor, “Colorado’s Snow Melt Reaching El Paso: A Status Report on No. 29 Original, U.S. 
Supreme Court,” Texas Bar Journal (October 1968): 831-832, 871-872, and 874. ff.  B-12.2.6.3 Tri-
State Rio Grande Compact Commission 4 of, Oct 1966 thru Mar 1977, Box 6-25, Acc #076-89-0004 
6-25, Records of Boundary and Claims Commissions and Arbitrations, Record Group 76, National 
Archives at Ft. Worth, Texas.  
26 “Report of Committee of Engineers to Rio Grande Compact Commissioners,” December 27, 1937, 
in Proceedings of the Meeting of the Rio Grande Compact Commission . . . New Mexico, March 3rd 
to March 18th, inc., 1938, Appendix No. 1, 47. ff. 032.1, Box No. 936, Entry 7, RG 115, NARA 
Denver. 
27 Raymond A. Hill, Memo to Mr. Clayton: In re Meeting of Committee of Engineers, at Santa Fe, 
November 22 to 24, 1937, November 26, 1937, 3. [1937], Box 2F467, RGCC-FBCP, UTA; and 
“Report of Committee of Engineers to Rio Grande Compact Commissioners,” December 27, 1937, in 
Proceedings of the Meeting of the Rio Grande Compact Commission . . . March 3rd to March 18th, 
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21. The engineers instead focused on distributing the known available water 

supply to meet existing demands for that water – as Tipton put it, “to permit not only present 

uses of water, but also to allow increased diversion and consumption of water above Elephant 

Butte Reservoir by utilizing water which otherwise would spill from that reservoir.”  The only 

way Tipton and his fellow advisors found “[t]o accomplish this end” was by developing 

delivery schedules based on “present conditions” of flow manifesting at the Lobatos gaging 

station near the Colorado-New Mexico state line, and at Elephant Butte Reservoir, later the 

San Marcial gaging station.28  

22. What constituted “present conditions” varied for each upstream section, but 

each was predicated on data and analyses from the JIR.  For Colorado’s delivery to New 

Mexico (Article III), those “present conditions” were reflected in the waters reaching the 

Lobatos “the period 1928 to 1937.”29  Stream flow data and analyses in the JIR had suggested 

a stability in consumptive water use in the San Luis Valley for much of this period, and 

Tipton was convinced that a state line delivery schedule on this basis would not hamper 

Colorado proposed developments in the valley.30 

23. For New Mexico’s delivery schedule to Texas (Article IV), those “present 

conditions” were reflected in the waters reaching San Marcial for “the period prior to 1930.”31  

The engineering advisors initially considered a schedule based on Otowi Bridge-San Marcial 

 
inc., 1938, Appendix No. 1, 47. ff. 032.1, Box No. 936, Entry 7, RG 115, NARA Denver. 
28 Tipton, Analysis, 5-6. ff. 70, Box 44-70, MCHC 1897-1987, HC. In February 1948, the Rio Grande 
Compact Commission adopted a resolution that, in pertinent part, changed the delivery point from the 
San Marcial gaging station to the Elephant Butte gaging station. “Minutes of the Ninth Annual 
(Nineteenth) Meeting of the Rio Grande Commission Held in El Paso, Texas,” February 22, 23, 24, 
1948, 5-8. ff. Opinions of Attorney Generals concerning switch of Gaging Stations, w. Factual 
Research, State of Texas vs. State of New Mexico, et al, AG No. 51-238, Box 1991/17-188, LF-TAG, 
TSA. 
29 Tipton, Analysis, 6. ff. 70, Box 44-70, MCHC 1897-1987, HC. 
30 JIR, 29-30; and Tipton, Analysis, 5. ff. 70, Box 44-70, MCHC 1897-1987, HC. 
31 “Letter from Committee of Engineering Advisers,” March 9, 1938, in Proceedings of the Meeting of 
the Rio Grande Compact Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 7, 
61-62; and “Rio Grande Compact,” Article IV, in Proceedings of the Meeting of the Rio Grande 
Compact Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 76-78. ff. 032.1, 
Box No. 936, Entry 7, RG 115, NARA Denver. 
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relationship for the period roughly between 1912 and 1935, a schedule developed by Hill.32 

According to the JIR, the relationship between flows at Otowi Bridge at the head of the 

Middle Rio Grande Valley and at San Marcial suggested a stability in consumptive use above 

San Marcial for the period between 1890 and 1935 similar to that found in the San Luis 

Valley for the period 1927 to 1935.  The report, however, acknowledged that the data of 

tributary inflow between Otowi and San Marcial was poor, and that the impact of MRGCD’s 

operations on downstream flows was difficult to assess.33  The engineers subsequently 

decided that a relationship between Otowi Bridge discharge and Elephant Butte inflow 

(excluding the months of July, August, and September) for a 1915-1937 time frame was a 

more accurate measure of “present conditions.”34 

24. Objections to this Otowi Bridge-Elephant Butte schedule made by the New 

Mexico compact commissioner Thomas McClure, prompted by criticisms raised by 

MRGCD’s consulting engineer H.C. Neuffer, led the engineering advisors in March 1938 to 

return to an Otowi Bridge-San Marcial relation (excluding the months of July, August, and 

September) “for the period prior to 1930.”35  As later explained by Bliss and McClure, this  

 
32 Proceedings of the Meeting of the Rio Grande Compact Commission . . . September 27, to October 
1, 1937, 20. Untitled folder 5, Box 2F463, RGCC-FBCP, UTA. 
33 JIR, 42-43. 
34 Preliminary Draft of Report of Committee to Rio Grande Compact Commissioners, December 22, 
1937, 5. CB-F-137-34, Box 4X215, RAHP, UTA; Tipton, Analysis, 6. ff. 70, Box 44-70, MCHC 
1897-1987, HC; and “Report of Committee of Engineers to Rio Grande Compact Commissioners,” 
December 27, 1937, in Proceedings of the Meeting of the Rio Grande Compact 
Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 1, 42-43. ff. 032.1, Box No. 936, 
Entry 7, RG 115, NARA Denver. 
35 H.C. Neuffer, Memorandum, Subject: Report of Committee of Engineers to Rio Grande Compact 
Commissioners, December 27, 1937, January 6, 1938, np [1-2]. NM_00156900 – NM_00156901 and 
NM_00156905; H.C. Neuffer, Consulting Engineer, to Mr. John H. Bliss, State Engineer’s Office, Re: 
Report of Committee of Engineers to Rio Grande Compact Commissioners, December 27, 1937, 
January 7th, 1938. NM_00054005; [H.C. Neuffer] to Mr. Thomas M. McClure, State Engineer, 
January 13, 1938; Thomas M. McClure, State Engineer, to Mr. S.O. Harper, Chairman, Rio Grande 
Compact Commission, January 25th, 1938; and “Letter from Committee of Engineering Advisers,” 
March 9, 1938, in Proceedings of the Meeting of the Rio Grande Compact Commission . . . March 3rd 
to March 18th, inc., 1938, Appendix No. 7, 61. ff. 032.1, Box No. 936, Entry 7, RG 115, NARA 
Denver. 
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different time scale avoided the effects of development in the MRGCD since 1929.36  

Nevertheless, according to Bliss, “[t]he Compact recognize[d] by implications, in several of 

its provisions storage in Elephant Butte reservoir” – and waters for the Rio Grande Project 

which served lands in Texas – were “prior in right to storage in reservoirs constructed in the 

Rio Grande basin after 1929.”37 

25. These schedules effectively froze upstream depletions to “present conditions” 

that would not compromise “present uses” downstream, circa 1938.  The potential for 

increased upstream depletions were strictly addressed through a system of credits and debits, 

adopted as Article VI, and were ultimately contingent on downstream uses being met.38  

Colorado, pursuant to this credits-and-debits system, was permitted to pursue post-1937 

reservoir construction.39  Similarly, New Mexico, like Colorado, could depart from its 

delivery schedule; it could hold water in “reservoirs constructed after 1929” pursuant to the 

Article VI credits-and-debits system.40  Yet, in accordance with Article VIII, New Mexico 

could call upon Colorado to release the water in its reservoirs to satisfy the upstream state’s 

accrued debits, and Texas could call upon both upstream states to release water from 

 
36 J.H. Bliss, Engineer, “Provisions of the Rio Grande Compact,” Santa Fe, N.M., April 2, 1938, 1. ff. 
Rio Grande Compact Engineer-Adviser Data, 1937-1938, Box No. 27, Accession Number 7978, John 
H. Bliss Collection [JHBC], American Heritage Center, University of Wyoming, Laramie [hereafter 
AHC]; and Thomas B. McClure, State Engineer, “Analysis of the Compact,” undated, 21. 
NM_00164500. 
37 Bliss, “Provisions of the Rio Grande Compact,” 4. ff. Rio Grande Compact Engineer-Adviser Data, 
1937-1938, Box No. 27, Accession Number 7978, JHBC, AHC. 
38 “Rio Grande Compact,” Article VI, in Proceedings of the Meeting of the Rio Grande Compact 
Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 78-79. ff. 032.1, Box No. 
936, Entry 7, RG 115, NARA Denver. 
39 “Rio Grande Compact,” Article III, in Proceedings of the Meeting of the Rio Grande Compact 
Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 74-76 and 78-79. ff. 032.1, 
Box No. 936, Entry 7, RG 115, NARA Denver.  
40 “Rio Grande Compact,” Article VI, in Proceedings of the Meeting of the Rio Grande Compact 
Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 74-76. ff. 032.1, Box No. 
936, Entry 7, RG 115, NARA Denver. 
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“reservoirs constructed after 1929” to satisfy accrued debits.41  Correspondingly those debits 

were forgiven when “actual spill” from Elephant Butte occurred.42   

26. The “present uses” for the apportioned Rio Grande water were left unstated in 

the Compact, but the positions articulated by the states throughout the Compact negotiations 

leave little doubt that these uses encompassed the plans Colorado had for its San Luis Valley, 

New Mexico’s Middle Rio Grande development, and the Rio Grande Project through which 

Texas obtained its apportioned water.  For the Project in particular, as Bliss suggested, various 

Compact provisions recognized its essential importance and protected it. Article IV required 

“appropriate adjustments” to be made to New Mexico’s delivery schedule at San Marcial for 

“depletion after 1929 . . . at any time of the year of the natural runoff at Otowi Bridge” and 

“depletion of the runoff during July, August, and September of tributaries between Otowi 

Bridge and San Marcial by works constructed after 1937.”  Article VII limited the amount of 

water the two upstream states could store in post-1929 reservoirs to ensure a minimum 

amount of water in Rio Grande “project storage.” Article VIII further provided for an average 

or “normal release of 790,000 acre-feet” from Rio Grande Project storage.43 

27. United States compact commissioner S.O. Harper also believed the Compact 

was inclusive of the Project’s water supply.  Days following the conclusion of the Compact 

negotiations, he informed the Secretary of the Interior that not only was the Compact “an 

eminently fair and equitable solution” but also that U.S. “interests” were “fully safeguarded” 

in the Compact, in part as a result of the “inclusion, in the State allocations, of all water to 

which Federal irrigation projects are entitled.”44 

 
41 “Rio Grande Compact,” Article VIII, in Proceedings of the Meeting of the Rio Grande Compact 
Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 80. ff. 032.1, Box No. 936, 
Entry 7, RG 115, NARA Denver. 
42 “Rio Grande Compact,” Article I and Article VI, in Proceedings of the Meeting of the Rio Grande 
Compact Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 73 and 78-79. ff. 
032.1, Box No. 936, Entry 7, RG 115, NARA Denver. 
43 “Rio Grande Compact,” Article IV, Article VII, Article VIII, in Proceedings of the Meeting of the 
Rio Grande Compact Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 77-78 
and 79-80. ff. 032.1, Box No. 936, Entry 7, RG 115, NARA Denver. 
44 S.O. Harper, Chairman, Rio Grande Compact Commission, to The Honorable, The Secretary of the 
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28. Although the Compact permitted Colorado and New Mexico to pursue other 

irrigation developments while protecting the Project, it did not explicitly limit water use to 

irrigation.  Any use of the apportioned waters was permissible, as Hill testified when deposed 

in the original action against Colorado in the 1960s: “subject only to the maintenance of 

depletions that had occurred, subject only to not increasing those overall depletions, there is a 

freedom in each State to store, develop, improve or do anything else within that State.”45   

 

THE WATER APPORTIONED TO TEXAS BY THE 1938 COMPACT WAS THE 
WATER TO BE DELIVERED BY NEW MEXICO TO SAN MARCIAL, SUFFICIENT 
TO ENABLE “A NORMAL RELEASE OF 790,000 ACRE-FEET” OF WATER FROM 

RIO GRANDE PROJECT STORAGE 

29. The water apportioned to Texas by the 1938 Compact was the water to be 

delivered by New Mexico to San Marcial, sufficient to enable “a normal release of 790,000 

acre-feet” of water from Rio Grande Project storage.46  BOR pursued the Project in the early 

1900s to mollify water users in Mexico, New Mexico, and Texas. Those users all protested 

upstream diversions in Colorado, contending that those diversions had deprived them of the 

flows that until the late-nineteenth century had reached their lands.  Initially, an “international 

dam” at El Paso was contemplated to supply both the United States and Mexican irrigators.  

Subsequent assessment by federal engineers, however, identified a dam site at the geological 

formation in New Mexico known as Elephant Butte – more than 100 miles from the present 

New Mexico-Texas state line – as providing the opportunity to water the most land within the 

United States while also serving Mexico.  Presented to the 1904 National Irrigation Congress 

 
Interior, Washington, D.C., Re: Rio Grande Compact, March 26, 1938, 2. ff. 032.1 Box No. 936, 
Entry 7, RG 115, NARA Denver. 
45 In the Supreme Court of the United States, October Term 1967, No. 29, Original, State of Texas and 
New Mexico, Plaintiffs, vs. State of Colorado, Defendant, Deposition of: Raymond A. Hill, Taken 
December 4, 1968, Denver, Colorado, 36. ff. Texas & New Mexico v. Colorado, w. Texas vs. 
Colorado 66-1061, Box 1989 41-240, LF-TAG, TSA. 
46 “Rio Grande Compact,” Article VIII, in Proceedings of the Meeting of the Rio Grande Compact 
Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 80. ff. 032.1, Box No. 936, 
Entry 7, RG 115, NARA Denver. 
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in El Paso, the proposed Elephant Butte Dam received the endorsement of delegates from 

Mexico, New Mexico, and Texas.47 

30. Although there were two separate irrigation districts that contracted for the 

water appropriated for the Project, Elephant Butte Irrigation District (“EBID”) in New 

Mexico and El Paso County Water Improvement District No. 1 (“EP #1”) in Texas, BOR 

treated the Project “as an administrative unit” in Clayton’s words.48  Project infrastructure was 

built largely without regard to state boundaries, and diversions to serve lands in Texas were 

made within New Mexico.49   

31. These circumstances shaped the Compact.  Both McClure and Bliss 

acknowledged, as Clayton had, that the “Project must be operated as a unit.”50 Consequently, 

as Bliss noted in recommending the Compact’s adoption, “no schedule of releases from 

Elephant Butte Project storage” was provided aside from the 790,000-af “normal release” 

provision (Article VIII).51  

32. Texas contemplated asking for a state-line delivery in the 1930s, but decided 

against it because of the Project.52  As far back as the 1929 temporary compact, New Mexico 

 
47 International Dam in Rio Grande River, Near El Paso, Tex., 54th Cong., 1st sess., 1896, H. Doc. 
125, 1-6; Guy Elliott Mitchell, ed., The Official Proceedings of the Twelfth National Irrigation 
Congress, Held at El Paso, Texas, Nov. 15-16-17-18, 1904 (Galveston, TX: Clarke & Courts, 1905), 
107-109 and 214-216; and B.M. Hall, Supervising Engineer, U.S. Reclamation Service, “A Discussion 
of Past and Present Plans for Irrigation of the Rio Grande Valley,” November 1904, 3-8, and 56-57. ff. 
46 Rio Grande Project. Penasco Rock Resv. Site-Elephant Butte Resv. Site, 1904-1905, Box No. 792 
Rio Grande 17-46, Entry 3, RG 115, NARA Denver. 
48 Frank B. Clayton, Rio Grande Compact Commissioner for Texas, to Mr. Sawnie B. Smith, 
October 4, 1938, 1. Box 2F466, RGCC-FBCP, UTA. 
49 Clayton to Smith, October 4, 1938, 1. Box 2F466; and Proceedings of Meeting Held on Friday, May 
27, 1938 at El Paso, Texas, between Representative of Lower Rio Grande Water Users and 
Representatives of Irrigation Districts Under the Rio Grande Project of the Bureau of Reclamation, 
15. ff. Proceedings and Minutes 1935-1938, Box 2F463, RGCC-FBCP, UTA. 
50 Thomas B. McClure, State Engineer, “Analysis of the Compact,” undated, 21-22. NM_00164500; 
and Bliss, “Provisions of the Rio Grande Compact,” 1. ff. Rio Grande Compact Engineer-Adviser 
Data, 1937-1938, Box No. 27, Accession Number 7978, JHBC, AHC. 
51 Bliss, “Provisions of the Rio Grande Compact,” 1 and 3. ff. Rio Grande Compact Engineer-Adviser 
Data, 1937-1938, Box No. 27, Accession Number 7978, JHBC, AHC. 
52 Raymond A. Hill to Mr. Frank B. Clayton, February 8, 1938. Box 2F466; and Proceedings of 
Meeting Held on Friday, May 27, 1938, 10 and 11. ff. Proceedings and Minutes 1935-1938, Box 
2F463, RGCC-FBCP, UTA. 
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and Texas acknowledged that “New Mexico’s obligations . . . must be in reference to 

deliveries at Elephant Butte reservoir [i.e., San Marcial],” as Clayton explained to attorney 

Sawnie Smith in October 1938.  Federal control of the dam and Project works, spanning 

across New Mexico and Texas, anticipated to continue, defeated any effort to establish 

obligations for the upstream states for a specific quantity of water to Texas in 1938.  

“[N]either Colorado nor New Mexico,” the Texas commissioner stressed, “could be expected 

to guarantee any fixed deliveries at the Texas line” owing to those circumstances.53  Clayton 

made this same point to state representative Homer L. Leonard in August 1938, observing that 

the upper states’ “only responsibility was to see that Texas’ equitable share was delivered at 

the state line, or, rather, delivered into Elephant Butte reservoir, which is the point of 

control.”54  San Marcial was thus the de facto state line delivery to Texas.55  

33. Texas concentrated on safeguarding the Rio Grande Project water supply 

throughout the Compact negotiations for only through the Project did Rio Grande waters 

reach lands in Texas.  It was joined in this effort by EBID in New Mexico.  The shared 

interest of EBID and Texas in limiting depletions above Elephant Butte reflected their mutual 

dependence on the waters captured and released from the dam.  Clayton pointed this out to 

water users in Texas below Ft. Quitman in May 1938, telling them, “[a]s far as they [EBID] 

and we are concerned, our source is the same.  If the supply is impaired above Elephant Butte, 

we all suffer alike.”56 

34. Water released from the federal dam to serve lands in EBID under federal 

contract formed a portion of the water supply to Texas, manifesting as return flows to the 

channel or in Project drains once those waters had been used within New Mexico.  In the 

 
53 Clayton to Smith, October 4, 1938, 1. Box 2F466, RGCC-FBCP, UTA. 
54 Frank B. Clayton, Rio Grande Compact Commissioner for Texas, to Hon. Homer L. Leonard, 
August 3, 1938, 2. Box 2F466, RGCC-FBCP, UTA. 
55 Proceedings of Meeting Held on Friday, May 27, 1938, 10, 11, and 15. ff. Proceedings and Minutes 
1935-1938, Box 2F463, RGCC-FBCP, UTA. 
56 Proceedings of Meeting Held on Friday, May 27, 1938, 11. ff. Proceedings and Minutes 1935-1938, 
Box 2F463, RGCC-FBCP, UTA. 
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1910s, federal engineers and BOR officials recognized that return flows could help meet 

downstream demands.57  Although such flows became of poorer quality (higher in salts) down 

through the Project, both Project lands in the El Paso Valley of Texas in EP #1 and lands in 

Hudspeth County outside the Project were dependent upon return flows by the 1920s.58  

Water users within Hudspeth County Conservation and Reclamation District No. 1 

(“Hudspeth”) were permitted by a federal Warren Act contract to divert water passed beyond 

the Project only when those waters were “available.”59 However, Project releases from 

Elephant Butte to EP #1 intended to improve the quality of water reaching EP #1 lands 

indirectly benefitted Hudspeth.60 

35. Reliance on return flows within and from the Project explains why Texas in 

October 1937 asked that Colorado and New Mexico “release and deliver at San Marcial a 

supply of water sufficient to assure the release annually from Elephant Butte Reservoir of 

 
57 United States Congress, House of Representatives, Fund for Reclamation of Arid Lands: Message 
from the President of the United States, Transmitting a Report of the Board of Army Engineers in 
Relation to the Reclamation Fund, H. Doc. No. 1262, 61st Cong. 3d sess. (1911-12), 106; “Water 
Supply of Rio Grande, from Official Records, 1912,” 4-5, enclosed with A.P. Davis, Chief Engineer, 
Memorandum for Secretary Lane, April 17, 1913. File 8-3 (Part 4) Reclamation Service, Rio Grande 
Project, New Mexico, Rio Grande River, Distribution of Waters, Nov. 21, 1912 – Apr. 17, 1914, Box 
No. 1639 8-3, Rio Grande D-E, CCF 1907-1936, RG 48, NARA II; and Harold Conkling, Engineer, 
and Erdman Debler, Asst. Engr., Water Supply for and Possible Developments on Irrigation and 
Drainage Projects on the Rio Grande River Above El Paso, Texas, June-1919, 110-112. ff. 302.31, 
New Mexico.  Report dated June 1919 by Conkling and Debler on Water Supply for and Possible 
Developments on Irrigation and Drainage Projects on the Rio Grande River Above El Paso, Texas, 
transmitted by letter July 15, 1919, Box 262 302.28--302.31 A. NV-NM, Entry 7, RG 115, NARA 
Denver. 
58 E.B. Debler, Engineer, Bureau of Reclamation, “Return Flow and Its Problems on Reclamation 
Projects,” New Reclamation Era (August, 1927), 125. ff. 030.1, Box 33, General Files, 1919-1929, 
Entry 7, RG 115, NARA Denver, and JIR, 85-86, 99-104, and 403. 
59 Contract, Ilr-493, Hudspeth County Conservation & Reclamation District, December 1, 1924, 
Department of the Interior, Bureau of Reclamation, Contract Between the United States and Hudspeth 
County Conservation and Reclamation District No. 1, Providing for the Rental of Water to the District, 
December 1, 1924, 2. ff. 223.02 Rio Grande Water, Hudspeth County Conservation & Reclamation 
District, Transfer Case, Thru 1929, Box 907 Rio Grande 223.02, Entry 7, RG 115, NARA Denver. 
60 Proceedings of Meeting, held on Friday, May 27, 1938, 16, 17, and 25. ff. Proceedings and Minutes 
1935-1938, Box 2F463, RGCC-FBCP, UTA; and L.R. Fiock, Superintendent to Commissioner, 
Subject: Protest of Hudspeth County Conservation and Reclamation District No. 1 – Rio Grande 
Project, May 22, 1939, 4. ff. 301 Rio Grande Project - Board and Engineering Report on Construction 
Features, Jan 1, 1937, Box 927 Rio Grande Pro. 246. - 301., Entry 7, RG 115, NARA Denver. 
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800,000 acre-feet of the same average quality as during the past ten years . . . .”61  This was a 

figure that Hill had calculated would provide lands in Texas with a sufficient quantity and 

quality of water while also meeting the Mexican treaty obligation.62  The JIR and Bliss 

assessed lower quantities for Texas but both appreciated the importance of return flows for 

lands in the downstream state. The JIR offered 773,000 af as a “conservative estimate,” with 

“necessary allowances for drain flow, wastes, arroyo inflow, and “salinity control.”63  During 

the engineering advisors’ meetings in late 1937, Bliss estimated 750,000 af as sufficient for 

the Elephant Butte-Ft. Quitman section, and made provision for water to Hudspeth (water that 

would have included return flows from upstream diversions) and the achievement of a “salt 

balance” down to Ft. Quitman (recognition that lands downstream relied on poor-quality 

return flows).64 

36. The engineering advisors initially agreed to an 800,000-af release, linking this

release to a delivery schedule based on an Otowi Bridge-Elephant Butte relationship, before 

revising this figure downward along with changing the schedule in March 1938.65  As with 

the change to the delivery schedule, criticism by Neuffer led to this revision. The MRGCD 

consulting engineer believed that a 700,000-af release from Elephant Butte was “liberal,” but 

was willing to accept as much as a 750,000 af release.  Despite not making specific provision 

for lands outside the Project, Neuffer’s own allowances for “[u]navoidable project wastes 

61 Proceedings of the Meeting of the Rio Grande Compact Commission . . . September 27, to October 
1, 1937, 13. Untitled folder 5, Box 2F463, RGCC-FBCP, UTA. 
62 State of Texas vs. State of New Mexico, et al, Plaintiff's Case in Chief, Volumes V, VI & VII, 1202-
1206, 1220-1221, and 1235-1236. CB-F-171A thru CB-F-1716: Transcripts of TX v. NM, Vol. 1-16, 
Box 4X219, RAHP; and Hill to Clayton, November 26, 1937, 2. [1937], Box 2F467, RGCC-FBCP, 
UTA. 
63 JIR, 103-104. 
64 [Raymond Hill], “TEXAS COMPACT: John Bliss Estimate of Project Requirements at Elephant 
Butte,” 12/17/37, and “John Bliss Estimate of Project Requirements at Elephant Butte,” typescript, 
n.d. CB-F-137-34, Box 4X215, RAHP, UTA.
65 “Report of Committee of Engineers to Rio Grande Compact Commissioners,” December 27, 1937, 
in Proceedings of the Meeting of the Rio Grande Compact Commission, Held at Santa Fe, New 
Mexico, March 3rd to March 18th, inc., 1938, Appendix No. 1, 45. ff. 032.1, Box No. 936, Entry 7, 
RG 115, NARA Denver. Both the 800,000-af release and the later 790,000-af release (as discussed 
below) were subject to the 60,000-af Mexican treaty obligation. 
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below Riverside heading” and “[w]inter discharge of Project drains in New Mexico not 

redivertable” in that release figure would have entailed return flows for lands in Hudspeth.66 

37. New Mexico’s actions in the Compact negotiations demonstrated little concern 

about lands below Elephant Butte; it instead focused on the lands above San Marcial.  With 

Texas advocating for the Rio Grande Project water supply, New Mexico appeared willing to 

cede EBID’s interests to Texas in order to secure water for the Middle Rio Grande.67  

McClure’s responsiveness to Neuffer’s opposition to the higher release figure and the original 

schedule – both of which would have benefitted EBID – is indicative of this.  Hinderlider and 

Clayton were critical of their New Mexico counterpart for listening to the MRGCD engineer, 

with the latter insisting to Harper in January 1938 that McClure “seems to lose sight of the 

fact that there is a very extensive section of his own State lying below the Elephant Butte 

dam . . . .”68  

38. In March 1938, Texas agreed to a smaller figure of 790,000 af for a “normal 

release,” or average release, and this was adopted as Article VIII in the Compact along with 

the new delivery schedule (Article IV).69  Thirty years after the Compact had been signed, 

Hill explained that the 790,000 af figure recommended by him and his fellow engineers and 

adopted in the Compact was 730,000 af “for uses in the United States and sixty [thousand] for 

uses in Mexico . . . .”70  Those “uses in the United States” were the “present uses” at the time 

of the Compact. 

 
66 Neuffer to Bliss, January 7th, 1938. NM_00054005; and Neuffer, Memorandum, January 6, 1938, 
np [2-3, and 6]. NM_00156901 – NM_00156902 and NM_00156905. 
67 Hill to Clayton, February 8, 1938. Box 2F466, Box 2F463, RGCC-FBCP, UTA. 
68 Frank B. Clayton, Rio Grande Compact Commissioner for Texas, to Mr. S.O. Harper, Chairman, 
Rio Grande Compact Commission, January 27, 1938; and M.C. Hinderlider, Commissioner for 
Colorado, to S.O. Harper, Chairman, Rio Grande Compact Commission, February 4, 1938. ff. 032.1, 
Box No. 936, Entry 7, RG 115, NARA Denver. 
69 “Letter from Committee of Engineering Advisers,” March 9, 1938, in Proceedings of the Meeting of 
the Rio Grande Compact Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 7, 65; 
and “Rio Grande Compact,” Article VIII, in Proceedings of the Meeting of the Rio Grande Compact 
Commission . . . March 3rd to March 18th, inc., 1938, Appendix No. 11, 80. ff. 032.1, Box No. 936, 
Entry 7, RG 115, NARA Denver. 
70 Deposition of Raymond A. Hill, Taken December 4, 1968, Denver, Colorado, 18. ff. Texas & New 
Mex. v. Colo., w. 66-1061 Texas vs. Colorado, Box 1989 41-240, LF-TAG, TSA. 
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39. This release figure consequently constrained the Rio Grande waters 

apportioned to Texas. The water supply the City of El Paso obtained from Elephant Butte in 

the early 1940s illustrates this.  Because the apportionment was defined consistent with the 

Project, El Paso was only able to secure this water through the acquisition of Project lands 

within EP #1.71  Releases from the federal dam in accordance with Project operations would 

have served those EP #1 lands with water, by direct diversion and return flows, as of 1938. 

40. The same Compact provisions that protected the Project against upstream 

depletions ensured that Texas would receive its apportionment.  A 790,000-af average release 

from Elephant Butte; adjustments to be made in New Mexico’s delivery to San Marcial for 

increased depletions after 1929 at Otowi Bridge and “for works constructed after 1937” above 

San Marcial (Article IV); and limitations on the water that Colorado and New Mexico could 

store above San Marcial “in reservoirs constructed after 1929” to provide a minimum amount 

of “project storage” (Article VII) all assured Texas some water via the Project. Article VIII, 

moreover, gave the Texas Rio Grande Compact Commissioner the sole authority to call for 

releases from post-1929 reservoirs in Colorado and New Mexico that would result in a 

790,000-af release – underscoring Texas’s dependence on the waters to be delivered to 

Elephant Butte and delivered by the Project.72 

41. The absence of a state-line delivery requirement confounded some in Texas 

below Ft. Quitman who expected the Compact to apportion the Rio Grande down to the Gulf 

 
71 H.W. Bashore, Acting Commissioner, to Mr. W.E. Robertson, Chairman, Water Development 
Commission of the City of El Paso, Jul 25, 1940; Memorandum for Mr. Stinson (Harrell), Subject: Rio 
Grande Project – Sale of water to City of El Paso for supplemental supply for Municipal purposes, 
January 17, 1941, 2-4. ff. 223.02 Rio Grande – Leases, Sales & Rentals of Water, El Paso, City of, 
thru Dec 1941, Box 920 Rio Grande Pro. 223.02, Entry 7, RG 115, NARA Denver; John C. Page, 
Commissioner, to The Secretary of the Interior, Feb 17, 1941; and J. Kennard Cheadle, Acting 
Commissioner, to The Secretary of the Interior, Nov 22, 1944. File No. 8-3 (Part 8), Reclamation 
Bureau, Rio Grande Project, Distribution of Waters, General, January 27, 1937 thru February 10, 
1950, 8-3 Rio Grande-Distribution-Waters-General, Box 3623 8-3 Rio Grande-Contracts-Nelson, J.P. 
8-3 Rio Grande Flood Control, Central Classified Files, 1937-1953, RG 48, NARA II. 
72 Proceedings of the Meeting of the Rio Grande Compact Commission . . . March 3rd to March 18th, 
inc., 1938, 31-33; and “Rio Grande Compact,” Articles IV, VII, and VIII, in Proceedings of the 
Meeting of the Rio Grande Compact Commission . . . March 3rd to March 18th, inc., 1938, Appendix 
No. 11, 77-78, 79, and 80. ff. 032.1, Box No. 936, Entry 7, RG 115, NARA Denver. 
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of Mexico.  Yet, for Clayton the matter was clear. His “duty,” as he informed lower Rio 

Grande water users in May 1938, “[was] to see Texas got every drop of water originating in 

Colorado and New Mexico that she was entitled to and to see that that water was delivered 

into the Elephant Butte Reservoir,” and “[b]y that compact [i.e., the Compact of 1938] Texas 

got all she was entitled to. . . .”73 

42. That entitlement, Clayton emphasized to lower Rio Grande water users and 

their representatives, was for water for lands above Ft. Quitman.  In explaining to Smith in 

particular in October 1938 why there was no state line delivery for Texas, the compact 

commissioner also pointed to existing federal contracts for water from the Project – the 

contracts between the United States and EBID and EP #1 as well as the contract between 

EBID and EP #1 and Hudspeth’s Warren Act contract – as providing further assurance that 

those lands would receive their due.74 

43. The contracts involving the United States, EBID, and EP #1, referenced by 

Clayton and identified by the Supreme Court in this original action as the “Downstream 

Contracts,” however, did not prescribe specific quantities of water to either Project district. 

The Downstream Contracts, executed contemporaneous with the Compact, were: (1) the 

November 9, 1937 United States-EBID contract, (2) the November 10, 1937 United States-EP 

#1 contract, and (3) the February 16, 1938 EBID-EP #1 contract.  All these agreements 

primarily concerned the obligations of EBID and EP #1 to repay the federal investment in the 

Project, pursuant to the 1902 Reclamation Act, its subsequent amendments, and the 1905 act 

authorizing the Project.75  

 
73 Proceedings of Meeting, held on Friday, May 27, 1938, 10. ff. Proceedings and Minutes 1935-1938, 
Box 2F463, RGCC-FBCP, UTA.   
74 Clayton to Smith, October 4, 1938, 1. Box 2F466, RGCC-FBCP, UTA. 
75 Contract Dated Nov. 9, 1937, Ilr-982, Elephant Butte Irrigation District (Adjustment of project 
construction charges and other purposes), United States, Department of the Interior, Bureau of 
Reclamation, Rio Grande Project, New Mexico-Texas, Contract between the United States and the 
Elephant Butte Irrigation District adjusting construction charges and for other purposes. ff. 222.- Rio 
Grande Project. Contracts with Elephant Butte Irrigation District, Separate Folder, Box No. 917, Rio 
Grande Pro. 222._222.-; Contract Dated Nov. 10, 1937, Ilr-981, El Paso County Water Improvement 
District No. 1 (Adjustment of project construction charges and other purposes), United States, 

TX_MSJ_001608



25 

44. The 1902 Reclamation Act, or Newlands Act, created a federal program to 

irrigate the arid West through the construction of large-scale irrigation projects.  Water users 

within these projects were required to repay the United States for the costs of construction 

over a period of years.76  On the Rio Grande Project, the repayment obligation was dealt with 

first in a 1906 agreement between the United States and the Elephant Butte Water Users 

Association and the El Paso Valley Water Users Association, and then later in individual 

contracts to both districts in 1918 and 1920 following the dissolution of these associations.77 

45. Agricultural surpluses in the 1920s and the Great Depression of the 1930s 

undercut farming prices and undermined the ability of users to meet their repayment 

obligations.78  Congress thus amended reclamation law to provide relief to Project water 

users.79  These amendments paved the way for the Downstream Contracts.  In their 1937 

 
Department of the Interior, Bureau of Reclamation, Rio Grande Project, New Mexico-Texas, Contract 
between the United States and the El Paso County Water Improvement District No. 1, adjusting 
construction charges and for other purposes. ff. 222.- Rio Grande Project. Irrigation Districts, El Paso 
County Water Improvement District No. 1, Separate Folder, Box No. 918 Rio Grande Pro. 222._222.-; 
and Contract between Elephant Butte Irrigation District of New Mexico and El Paso County Water 
Improvement District No. 1 of Texas, signed February 16, 1938, and approved by Assistant Secretary 
of the Interior Oscar L. Chapman, April 11, 1938. ff. 400. Rio Grande, Lands-General, 1930 thru, Box 
932 Rio Grande Pro. 400.__400.08, Entry 7, RG 115, NARA-Denver. 
76 An Act Appropriating the receipts from the sale and disposal of public lands in certain States and 
Territories to the construction of irrigation works for the reclamation of arid lands, June 17, 1902, 
chap. 1093, Public, No. 161, 32 Stat. 388.  
77 Articles of Agreement by and between the U.S., acting in this behalf by Jesse E. Wilson, Acting 
Secretary of the Interior, and the Elephant Butte Water Users' Association of New Mexico and the El 
Paso Valley Water Users' Association, June 27, 1906. ff. 330-B Rio Grande. Contracts with Elephant 
Butte Irri. Dist., Transfer Case, Box 817 Rio Grande 330B- -348C, Entry 3; Department of the 
Interior, Bureau of Reclamation, Rio Grande Project-New Mexico-Texas, Contract Dated June 15, 
1918 – between The United States of America and The Elephant Butte Irrigation For Repayment of 
Construction and Operation and Maintenance Charges; and Department of the Interior, Bureau of 
Reclamation, Rio Grande Project-New Mexico-Texas, Contract Dated January 17, 1920 between The 
United States of America and The El Paso County Water Improvement District No. 1, For Repayment 
of Construction and Operation and Maintenance Charges, in Department of the Interior, Bureau of 
Reclamation, Rio Grande Irrigation Project, New Mexico-Texas, Contracts with Water User’s 
Organizations (Copies), Compiled November 1, 1929. 232-29 RG Separate Folder, 249-H, Contracts 
with Water Users, Box 716 Old Box 509-510, Code 104.RG 37 through Code 402.RG 28, Engineering 
and Research Center, Project Reports, 1910-55 [hereafter PR 1910-55], RG 115, NARA Denver. 
78 Donald J. Pisani, Water and American Government: The Reclamation Bureau, National Water 
Policy, and the West, 1902-1935 (Albuquerque: University of New Mexico Press, 1992), 149-150. 
79 An Act For the temporary relief of water users on irrigation projects constructed and operated 
under the reclamation law, April 1, 1932, 47 Stat. 75, chapter 94; An Act To extend the operation of 
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contracts with the United States, the districts relinquished their rights to hydroelectric power 

revenue from Elephant Butte in order to reduce their repayment obligations.80  The 1938 

contract executed between the two districts, and approved by the United States, memorialized 

the historical distribution of repayment costs for storage and general project features between 

EBID and EP#1 on the basis of the respective irrigated acreages, permitting a three-percent 

expansion in that acreage in any one year “to be subject to construction charges.”81 

46. For its part, New Mexico later directly acknowledged that the waters delivered 

to San Marcial, pursuant to the Compact, were for the benefit of lands in Texas above 

Ft. Quitman. In the state’s reply to Texas’s 1951 complaint in the Supreme Court, approved 

by former New Mexico engineering advisor and now New Mexico State Engineer John Bliss, 

it argued that the Compact “does not attempt to make an apportionment between the New 

Mexico area and the Texas area below Elephant Butte.”  This statement was evocative of 

Clayton, McClure, and Bliss’s observations at the time of the Compact that the Project 

functioned as “an administrative unit” or “operated as a unit.”  New Mexico with Bliss’s 

assent, however, went further in 1951.  The state asserted that “the natural dependable flow of 

the river below San Marcial was over-appropriated in 1906,” and in the absence of Project 

storage “no substantial quantity of water would be available for use in Texas.”82 

 

 
the Act entitled, “An Act For the temporary relief of water users on irrigation projects constructed 
and operated under the reclamation law,” approved April 1, 1932, March 3, 1933, 47 Stat. 1427, 
chapter 200. 
80 Contract Dated Nov. 9, 1937, Ilr-982, Elephant Butte Irrigation District (Adjustment of project 
construction charges and other purposes), Articles 3-5, 2-4. ff. 222.-, Box No. 917; Contract Dated 
Nov. 10, 1937, Ilr-981, El Paso County Water Improvement District No. 1 (Adjustment of project 
construction charges and other purposes), Article 3-5, 2-4. ff. 222.-, Box No. 918, RG 115, NARA 
Denver. 
81 Contract between Elephant Butte Irrigation District of New Mexico and El Paso County Water 
Improvement District No. 1 of Texas, signed February 16, 1938, 1. ff. 400. Box 932, Entry 7, RG 115, 
NARA-Denver. 
82 In the Supreme Court of the United States, October Term, 1951, No . . . ., Original, State of Texas, 
Plaintiff, v. State of New Mexico, et al., Defendants, Return of Defendants to Rule to Show Cause 
[December 15, 1951], 3 and 8. ff. RG 267 Entry 26 TX v. NM #9, Box 459 1957 (Begin TX v. MN 
#9) to 1957, Entry 26, RG 267, NAB. 
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THE HISTORICAL RECORD INDICATES THAT GROUNDWATER WAS NOT 
CONSIDERED A SOURCE OF WATER AUGMENTATION TO THE EXISTING 

SURFACE WATER SUPPLY AT THE TIME OF THE COMPACT – AND SINCE AT 
LEAST THE 1950S THE NEW MEXICO STATE ENGINEER HAS BEEN AWARE 

THAT GROUNDWATER PUMPING COULD DEPLETE SURFACE WATERS 
BELOW ELEPHANT BUTTE RESERVOIR 

 

47. The historical record indicates that groundwater was not considered a source of 

water augmentation to the existing surface water supply at the time of the Compact – and 

since at least the 1950s, the New Mexico State Engineer has been aware that groundwater 

pumping could deplete surface waters below Elephant Butte Reservoir. Investigations prior to 

and following construction of Elephant Butte found that the surface flow of the Rio Grande 

and the surrounding groundwater were hydrologically connected.  United States Geological 

Survey (“USGS”) hydrologist Charles Slichter in 1904 was the first to identify this 

relationship in lower New Mexico’s Mesilla Valley as part of the investigation leading to the 

Rio Grande Project.  He informed the delegates to the 1904 National Irrigation Congress that 

the valley’s groundwater derived from the Rio Grande itself.83  An overlapping investigation 

by fellow USGS hydrologist Willis Lee released in 1907 concurred in Slichter’s assessment.84 

48. An independent study by New Mexico engineering advisor John Bliss, made at 

the suggestion of Rio Grande Project superintendent L.R. Fiock and provided to New Mexico 

State Engineer and Rio Grande Compact commissioner Thomas McClure in February 1936, 

uncovered a “direct relation” between surface flow and the surrounding groundwater 

downstream of the federal dam.  At certain critical points between Elephant Butte and El 

Paso, Bliss found that Rio Grande underflow fed the groundwater table, providing basin lands 

 
83 Mitchell, ed., The Official Proceedings, 218. Slichter subsequently reiterated this finding in his 
published study in 1905. Charles S. Slichter, Observations on the Ground Water of Rio Grande Valley, 
Department of the Interior, United States Geological Survey Water-Supply and Irrigation Paper No. 
141 (GPO, 1905), 27. 
84 Willis T. Lee, Water Resources of the Rio Grande Valley in New Mexico and their Development, 
Department of the Interior, United States Geological Survey Water-Supply and Irrigation Paper No. 
188 (GPO, 1907), 41 and 49-50. 
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with additional water that was recovered by project drains and returned to the river channel 

for use on lands downstream.85 

49. The interconnection between the surface flow of the Rio Grande and the 

groundwater was apparent in the “water logging” of Project lands, which made construction 

of drainage works necessary in Mesilla Valley the 1910s.86  By returning excess ground water 

to the stream or otherwise making it available for lands downstream, drains ensured that the 

water table remained in balance, that the root zones of crops were not flooded.87 

50. Groundwater pumping had occurred in the Mesilla Valley prior to the Project 

but declined as users opted for surface water deliveries from Elephant Butte.88  The Project, in 

turn, came to rely upon the use of return flows from upstream diversions to meet irrigation 

demands to those lands furthest from Elephant Butte.  In the early 1910s, as completion of the 

dam neared, federal authorities in recognition of the importance of these return flows asserted 

claims “to all waste, seepage, spring, and percolating water arising within the project” with 

the intent “to use such water in connection therewith.”89 
 

85 John H. Bliss, “Report on Investigation of Invisible Gains and Losses in the Channel of the Rio 
Grande from Elephant Butte to El Paso.” Feb. 1936, 1-2 and 9-12. Folder 1435, Bliss, Report on 
Investigation of Invisible Gains and Losses in the Channel of the Rio Grande from Elephant Butte to 
El Paso, February 1936, Box 55, State Engineer Reports: Rio Grande, Exps. 161-163, Nos. 1417-1437, 
NMSRCA. 
86 Memorandum, From: Board of Engineers: E.H. Baldwin, Rio Grande Project Supervising Engineer; 
L.C. Hill, Consulting Engineer; D.W. Murphy, Engineer in charge of Drainage and L.M. Lawson, 
Project Manager, To: Reclamation Commission, Subject: Report on Drainage – Rio Grande Project, 
April 7, 1915, 2. Vol. 495, New Mex.-Texas, Rio Grande, Board of Engineers Report, ff. Rio Grande, 
1904, Box 474 Rio Grande (NM-TX), Entry 10 Project Histories, Feature Histories, and Reports 1902-
32 [hereafter Entry 10], RG 115, NARA Denver. 
87 Memorandum, From: Board of Engineers, To: Reclamation Commission, Subject: Report on 
Drainage – Rio Grande Project, April 7, 1915, 2-8. Vol. 495, Box 474, Entry 10; “Report on Mesilla & 
El Paso Valley Drainage, Rio Grande Project, February, 1917, 2-25. ff. Report on Mesilla & Rio Paso 
Valley Drainage Feb 1917; L.R. Fiock, Ass’t Engineer, History of Drainage on the Rio Grande 
Project, To December 31st, 1918, Investigations, Plans and Estimates, Surveys and Construction, 
Chapter VI, Department of the Interior, United States Reclamation Service, Rio Grande Project – New 
Mexico, Texas, Annual History – 1918, in Department of the Interior, US Reclamation Service, Rio 
Grande Project, Texas New Mexico, Drainage. 530-18 RG, Box 723 [Old Box 512] Code 520 RG 14 
through Code 550 RG 42, PR 1910-55, RG 115, NARA Denver. 
88 C. S. Conover, Ground-Water Conditions in the Rincon and Mesilla Valleys and Adjacent Areas in 
New Mexico, Geological Survey Water-Supply Paper 1230, Prepared in cooperation with the Elephant 
Butte Irrigation District, Department of the Interior (GPO, 1954), 9. 
89 Twelfth Annual Report of the Reclamation Service, 1912-1913 (GPO, 1914), 176. U.S. Department 
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51. There is little evidence that federal or state engineers in the years leading up to 

the Compact conceptualized underlying groundwater as a separate, independent supply for the 

Mesilla Valley or the basin.  Those that contemplated the possibility of groundwater 

extraction to expand Project lands in the 1910 and 1920s noted that pumping would deplete 

the available surface supply.90  Neither the Board, the JIR, nor the Rio Grande Compact 

engineering advisors considered groundwater as a solution to the basin’s strained supply. 

52. The JIR did make some broad observations about the interdependence of 

groundwater and surface flows in the basin, indicative of Slichter, Lee, and Bliss’s findings.  

“[E]xtensive development of ground water,” it noted, “would add no new water to the Upper 

Rio Grande Basin,” and “recharge of ground-water basin would necessarily involve a draft on 

surface supplies which are now utilized otherwise.”  The JIR further cautioned that 

“redistribution of the availability and use of present supplies and the resulting effect upon the 

water supply of lower major units [i.e., the Rio Grande Project and beyond to Ft. Quitman]” 

would have to be taken into account if groundwater was developed.91 

53. The JIR also discussed groundwater pumping by “cities, towns, and villages” 

in the basin.  Although municipal water use was modest when compared to irrigation 

diversions for agriculture in the 1930s, it was considered “a stream flow depletion” and 

factored into assessments of water use for the three sections of the basin.  In evaluating the 

Middle Rio Grande’s water uses, for instance, the investigation included the City of 

Albuquerque because its wells were “undoubtedly a draft, direct or indirect, on the Rio 

 
of the Interior, 14th Annual Report of the Reclamation Service, 1914-1915 (Washington: Government 
Printing Office, 1915), 215; and U.S. Department of the Interior, 17th Annual Report of the 
Reclamation Service, 1917-1918 (Washington: Government Printing Office, 1918), 251. 
90 Memorandum, From: Engineer Harold Conkling, To: Chief of Construction, Subject: Water Supply 
– Rio Grande River, June 18, 1919, 17-19. ff. 302.31 New Mexico. Surveys and Investigations. THRU 
1929, Box 262 NV-NM 302.28- -302.31 A, Entry 7, RG 115, NARA Denver; and D.C. Henny to Mr. 
J.W. Taylor, President, Elephant Butte Irrigation District, January 9, 1926, 1-2 and 10. 
19260109_NMSU-EBID_02-G_001_07. 
91 JIR, 56. 

TX_MSJ_001613



30 

Grande.”  Communities in lower New Mexico were similarly figured into the water use for 

the basin’s Elephant-Butte-Ft. Quitman section.92 

54. Knowledge of the interrelationship between groundwater and stream flow grew

in the years following the Compact and before significant groundwater development occurred.  

Detailed investigation by USGS hydrologist C.S. Conover in the late 1940s and early 1950s 

came to the same specific conclusions for the Rincon and Mesilla valleys of lower New 

Mexico that the JIR had generally arrived at for the basin.  Conover’s study, made at the 

request of EBID to assess the use of groundwater as the surface supply dwindled in the face of 

drought, was provided in preliminary form to the New Mexico State Engineer in 1947, with 

the final report published in 1954.93  Conover, like Slichter, Lee, and Bliss before him, noted 

that the Rio Grande surface flow and surrounding groundwater were hydrologically 

connected.  The hydrologist found that the two were in a state of balance in lower New 

Mexico, owing to the Project’s drainage system.  He did not believe that extracting 

groundwater could then permanently augment the existing surface supply, but rather would 

diminish it over time – particularly for those lands further downstream that were reliant upon 

return flow from drains.94  “Pumping of ground water,” as Conover put it in his final report, 

was “essentially a change in point of diversion of an existing supply.”95  

55. There is evidence that during the 1950s drought, both BOR and EBID

appreciated the connection between surface flow and groundwater that Conover had 

92 JIR, 104-105. The investigation did not include the City of El Paso in this assessment because its 
wells, unlike Albuquerque’s and others in the basin, drew upon groundwater fed by precipitation east 
of the city. JIR, 105. 
93 Chas. V. Theis, District Geologist, to Mr. John L. Gregg, Manager, Elephant Butte Irrigation 
District, October 23, 1947, attached to Clyde S. Conover, U.S. Geological Survey, Preliminary 
memorandum on ground-water supplies for Elephant Butte Irrigation District, New Mexico, 
September 1947, NM_00124166; and C. S. Conover, Ground-Water Conditions in the Rincon and 
Mesilla Valleys and Adjacent Areas in New Mexico, Geological Survey Water-Supply Paper 1230, 
Prepared in cooperation with the Elephant Butte Irrigation District, Department of the Interior (GPO, 
1954), 4-5. 
94 Conover, Preliminary memorandum, 1, 8, 12-15, 20-21, and 24-27. NM_00124167, NM_00124174, 
NM_00124178-NM_00124180, NM_00124167, NM_00124186-NM00124187, and NM_00124190-
NM_00124193; and Conover, Ground-Water Conditions, 2, and 132-135. 
95 Conover, Ground-Water Conditions, 132. 
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documented in lower New Mexico.  A 1952 BOR study of “river loss” above El Paso, for 

instance, found that groundwater pumping which had expanded to compensate for shortages 

in the surface supply was reducing both Rio Grande flows and return flows from drains.96  

Notably, in endorsing pumping during the drought, Project officials and EBID urged those 

Project water users with wells to “transfer” the water they otherwise would have received 

from Elephant Butte releases to those users without wells rather than continue to use both 

surface and ground waters.97  When the drought broke and surface flows improved in the late 

1950s, Project water users shifted away from groundwater pumping once more.98 

56. Subsequent investigations took some exceptions to Conover’s findings, but did 

not deny the interconnection between groundwater and surface flow in lower New Mexico 

and were attentive to the implications of groundwater development for lands below Elephant 

Butte.  A 1961 New Mexico State University study by Narendra Gunaji, for instance, found 

that drain flows recovered more quickly with the reduction of pumping following the drought 

than Conover had predicted.  This suggested use of groundwater “as a supplemental water 

supply” in drought years, yet Gunaji did not recommend “continued use and re-use of ground 

 
96 United States, Department of the Interior, Bureau of Reclamation, Rio Grande Project – New 
Mexico-Texas, River Loss, Caballo Dam to El Paso and Irrigation Wells, El Paso, Texas, July 1, 1952, 
Summary, Part I, A. NM_00138516. 
97 L.R. Fiock, “Rio Grande Project -- New Mexico-Texas, Water Announcement” (Department of the 
Interior, Bureau of Reclamation, August 1, 1951). JS000278; “Statement Issued by the Board of 
Directors of the Elephant Butte Irrigation District in Regard to the 1952 Water Situation” (Las Cruces, 
New Mexico: Elephant Butte Irrigation District, January 11, 1952). JS000280; L.R. Fiock, “Rio 
Grande Project -- New Mexico-Texas, Water Announcement” (Department of the Interior, Bureau of 
Reclamation, March 7, 1952). JS000281; L.R. Fiock, “Rio Grande Project -- New Mexico-Texas, 
Water Announcement” (Department of the Interior, Bureau of Reclamation, April 7, 1952). JS000282; 
“Statement from Elephant Butte Irrigation District Regarding the Water Situation” (Elephant Butte 
Irrigation District, June 3, 1953). JS000292; “Statement Regarding the Current Water Situation” (Las 
Cruces, New Mexico: Elephant Butte Irrigation District, March 4, 1954). JS000293; W.F. Resch, “Rio 
Grande Project -- New Mexico-Texas, Water Announcement” (Department of the Interior, Bureau of 
Reclamation, March 1, 1954). JS000283; and “Board of Directors, Elephant Butte Irrigation District, 
to All Irrigation Well Owners,” March 11, 1955. JS000285. 
98 Narendra Gunaji, “Ground Water Conditions in Elephant Butte Irrigation District” (University Park, 
New Mexico: Engineering Experiment Station, New Mexico State University, November 1961), 5. 
JS000286; and E.R. Leggat, M.E. Lowry, and J.W. Hood, Ground-Water Resources of the Lower 
Mesilla Valley, Texas and New Mexico, U.S. Geological Survey Water Supply Paper 1669-AA (GPO, 
1963), AA18-AA19 and AA24. JS000287. 
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water.”  The hydrologist instead urged EBID to “maintain, and use, all of its surface water 

rights to the fullest extent possible” because repeated use of groundwater would yield a 

supply of deficient quality for irrigation.99 

57. A 1963 USGS report of an investigation by E.R. Leggat, M.E. Lowry, and 

J.W. Hood of the lower Mesilla Valley (which included a portion of the valley lands in Texas) 

between 1952 and 1958 indicated that “sustainable supplies” could be obtained from wells in 

the lower valley, but recognized that surface water applied to the land recharged groundwater, 

and that “the surface-water supply will be reduced if ground-water withdrawals in the valley 

are increased” beyond the levels of the 1950s.100  Leggat, Lowry, and Hood warned that if 

surface supplies diminished and groundwater extraction expanded “drain flow will cease” and 

groundwater quality would degrade.101 

58. For its part, the New Mexico State Engineer’s Office (“OSE”) evidenced 

heightened awareness of the interrelationship between Rio Grande stream flow and subsurface 

water beginning in the 1950s.  Two years after the official release of Conover’s findings, 

citing a “scientific investigation” of this connection in the Middle Rio Grande, New Mexico 

State Engineer S.E. Reynolds declared an “underground water basin” above Elephant Butte to 

provide for state management and control.  Reynolds noted that “the waters of said basin are 

interrelated with the flow of the Rio Grande Stream System, so that such underground waters 

are a substantial source of the flow of said stream system,” and that “the waters of the Rio 

Grande Stream System are fully appropriated.”102 

 
99 Gunaji, “Ground Water Conditions in Elephant Butte Irrigation District,” 15, 27, and 36-37. 
JS000286. 
100 Leggat, et al., Ground-Water Resources of the Lower Mesilla Valley, AA25, AA45, and AA48. 
JS000287. 
101 Leggat, et al., Ground-Water Resources of the Lower Mesilla Valley, AA45. JS000287. 
102 S.E. Reynolds, State Engineer, Order Declaring the Rio Grande Underground Water Basin, 
November 29, 1956. ff. 245 Public Works Committee, Middle Rio Grande River - Elephant Butte 
Dam. 1957-58, 85th Cong, Box 6, Serial No. 6401. File 235-245, 246-254, 255-257, John Dempsey 
Papers, NMSA. 
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59. In remarks for an April 1968 symposium on “International Water Law Along 

the Mexican-American Border,” given as New Mexico and Texas were joined in challenging 

Colorado’s performance under the Compact in the Supreme Court, the state engineer linked 

his earlier action to the Compact.  Reynolds acknowledged that the Compact “makes no 

specific reference to ground water.”  “However,” he went on, “the inflow-outflow mechanism 

for determining delivery obligations makes the control of ground water appropriations in the 

upstream states essential for the protection of existing surface water rights in those states and 

the preservation of their ability to meet the compact commitments.”103 

60. In the 1980s, on this basis, Reynolds opposed El Paso’s efforts to mine Mesilla 

Valley groundwater to enhance its municipal water supply.  He declared a “Lower Rio Grande 

Underground Water Basin in Dona Ana County” in October 1980, and denied El Paso’s 

applications.104  In the ensuing litigation, City of El Paso v. Reynolds, the state engineer 

defended his decision in part on the hydrological connections between surface flow and 

groundwater and on the Compact.  Although the federal district court in New Mexico 

ultimately ruled against Reynolds and expressed skepticism about the sincerity of his position, 

the historical record indicates that he and those in his office were aware of the problem 

groundwater extraction in lower New Mexico posed to the Project and thus the Compact.105 

 
103 S.E. Reynolds, State Engineer, The Rio Grande Compact (April 29, 1968), 20-21. Folder 2062, 
Reynolds, The Rio Grande Compact, April 29, 1968, Box 78, Exps. 231-233, Nos. 2016-2085, State 
Engineer Reports: Basic/Rio Grande, NMSA; and S.E. Reynolds, State Engineer, State of New 
Mexico, “The Rio Grande Compact,” in Clark S. Knowlton, ed., International Water Law Along the 
Mexican-American Border, Contribution No. 11 of The Committee on Desert and Arid Zones 
Research, Southwestern and Rocky Mountain Division, A.A.A.S. (El Paso: University of Texas, 
1968): 58-59. 
104 Memorandum, To: S.E. Reynolds, From: D.E. Gray, Subject: Lower Rio Grande, September 10, 
1980; State Engineer of the State of New Mexico, Special Order No. 126, In the Matter of State 
Engineer Order No. 126 Declaring the Lower Rio Grande Underground Water Basin in Dona Ana 
County, September 11, 1980, signed S.E. Reynolds, State Engineer, Received and Approved: Richard 
A. Simms, Special Assistant Attorney General; and State Engineer of the State of New Mexico, 
Special Order No. 126-A, In the Matter of State Engineer Order No. 126 Declaring the Lower Rio 
Grande Underground Water Basin in Dona Ana County, October 22, 1980, signed S.E. Reynolds, 
State Engineer, Received and Approved: Richard A. Simms, Special Assistant Attorney General. 
Provided by the City of El Paso; and Ira G. Clark, Water in New Mexico: A History of Its Management 
and Use (Albuquerque: University of New Mexico Press, 1987), 675. 
105 United States District Court for the District of New Mexico, The City of El Paso, By and Through 
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61. In 1982, OSE circulated a paper to the International Boundary and Water 

Commission (the federal agency charged with ensuring delivery of water to Mexico pursuant 

to the 1906 treaty) that highlighted the issue.  Entitled “Rio Grande, Elephant Butte Dam to El 

Paso, Texas,” the paper summarized the result of “[a] study of streamflow depletion in the Rio 

Grande Valley between Elephant Butte Dam and El Paso, Texas,” plotted on four figures.  A 

double mass diagram (Figure 1), charted “the relationship between the flow of the Rio Grande 

below Elephant Butte Dam and the flow of the Rio Grande at El Paso, Texas, since storage 

began in Elephant Butte in 1915,” across three periods of time.  It took special note of the 

third period which began in 1951, “the start of the period of lowest water supply available 

from Elephant Butte Reservoir” that coincided with “extensive groundwater 

development . . . undertaken to offset shortages to Rio Grande Project lands.”  “This 

groundwater development,” according to the paper, “has changed the flow regime established 

 
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., Defendant-Intervenors, Civ. No. 80-
730 HB, January 17, 1983. 563 F. Supp. 379; 1983 U.S. Dist. LEXIS 19988; 13 ELR 20755. Provided 
by Somach Simmons & Dunn. The dispute persisted until 1989 when the U.S. Court of Appeals for 
the District of Columbia Circuit ruled that no live controversy remained. United States District Court 
for the District of New Mexico, 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 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, Civ. No. 80-730 HB, August 3, 1984. 597 F. Supp. 694; 1894 U.S. Dist. LEXIS 24568; 
15 ELR 20259; United States District Court for the District of New Mexico, 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 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, Civ. No. 80-730 HB, August 17, 1984. 1984 U.S. Dist 
.LEXIS 24276; and United States Court of Appeals for the District of Columbia Circuit, In re 
Applications of El Paso, No. 88-5357, September 22, 1989, Argued; October 20, 1989, Decided. 887 
F. 2d 1103; 1989 U.S. App. LEXIS 15897; 281 U.S. App. D.C. 112; 15 Fed. R. Serv. 3d (Callaghan) 
22. Provided by Somach Simmons & Dunn. 
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prior to 1951 such that a greater release is required from Elephant Butte Reservoir to achieve 

the same flow at El Paso.”106 

62. More recently OSE has recognized groundwater pumping in lower New 

Mexico directly threatens the Compact. An internal memorandum from 2003 warned that 

extensive groundwater development below Elephant Butte jeopardized the Project water 

supply and raised the possibility of a dispute with Texas.107 The following year, New Mexico 

State Engineer John R. D’Antonio, Jr. declared a “Lower Rio Grande Water Master District” 

to provide for the administration of groundwater rights and safeguard “prior surface 

water…rights.”108 

 

THE BODY OF RELEVANT HISTORICAL DOCUMENTS FOR UNDERSTANDING 
THE INTENT AND PURPOSES OF THE 1938 COMPACT IS DISCRETE 

63. The body of relevant historical documents for understanding the intent and 

purposes of the 1938 Compact is discrete.  The water resources history of the Upper Rio 

Grande Basin is broad and encompasses an array of subjects of scholarly interest.  However, 

in my expert opinion, the Rio Grande Compact proceedings and correspondence among the 

commissioners from the 1920s through the 1930s; records concerning the Rio Grande Joint 

Investigation and the resulting report; meeting notes and correspondence related to the 

development of the “technical basis” for the Compact; and subsequent retrospective 

 
106 [Office of the New Mexico State Engineer,] Rio Grande, Elephant Butte Dam to El Paso, Texas 
[1982], 1. Folder 11 Correspondence and data concerning Mesilla Valley pumping. 1982., Box 1, MS 
555 Joseph F. Friedkin Papers, C.L. Sonnichsen Special Collections Department, University of Texas 
at El Paso. 
107 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, 2-3, and 11-12. 
Provided by Somach Simmons & Dunn. 
108 State of New Mexico, Office of the State Engineer, In the Matter of the Creation of the Lower Rio 
Grande Water Master District for the Administration of Rights to and the Use of Ground Water from 
the Lower Rio Grande Groundwater Basin of New Mexico, Dated this 3rd day of December, 2004, 
signed John R. D’Antonio, Jr., P.E., State Engineer. NM_00018294 - NM_00018297. 
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assessments of the Compact deliberations by the commissioners and their engineering 

advisors offer the most crucial evidence for appreciating how and why the Rio Grande 

Compact of 1938 was drafted as it was. 

64. These historical documents – most produced at or near the time of the Compact

by those with direct involvement in the Compact negotiations – reveal the geographic, 

hydrological, political, and historical circumstances that made an apportionment of the waters 

of the Rio Grande challenging; the information available to the Rio Grande Compact 

commissioners and their engineering advisors in the mid-to-late 1930s; and the debates over 

how best to effectuate an “equitable apportionment” that began in the 1920s and continued 

into the 1930s.  These are many of the same documents relied upon by the first Special 

Master. 

65. Other materials I have reviewed, documents and expert reports produced in

these proceedings as well as academic monographs and secondary works, provide further 

details as to the events leading to and the issues informing the Rio Grande Compact of 1938, 

but do not fundamentally change my primary conclusions about the Compact and which I 

believe are clearly drawn from an examination of its history. These conclusions are set forth 

in Paragraphs 5. a-d above. 

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

2nd day of November 2020 at Davis, California. 

______________________________________ 
Scott A. Miltenberger, Ph.D. 
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expert historian report (based on extensive archival and library 
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112CV227801, Superior Court of the State of California, County of Santa Clara. Provided expert 

witness testimony (based on research in federal, state, county, and municipal [San Franciso] 

records) concerning historical land use and urban / suburban / industrial development of Santa 

Clara County in the 1950s as related to the Hetch Hetchy Aqueduct Right of Way. San Francisco, 

CA: City and County of San Francisco, City Attorney’s Office, San Francisco Public Utilities 

Commission, 2017. 

In Re the General Adjudication of All Rights to Use Water in the Gila River System and Source. Civil Nos. 

W-1, W-2, W-3, and W-4, Contested Case No. W-1-11-605, Maricopa County Superior Court, State 

of Arizona. Preparation of expert historian report (based on extensive archival and library research 

in Arizona, California, Colorado, and Washington, DC), and expert witness deposition and trial 

testimony concerning the history of Fort Huachuca, Arizona, its changing missions, population, and 

water use, for the purposes of a federal reserved water right claim. Washington, DC and Denver, 

CO: United States Department of Justice, 2012-2016. 

Modesto Irrigation District vs. Heather Robinson Tanaka, et al. Case No. 34-2011-00112886, Superior 

Court of the State of California, County of Sacramento. Expert witness deposition and trial 

testimony (based on research in state and county records) concerning the riparian status of a parcel 

in San Joaquin County and the historical land and water uses on that parcel. Sacramento, CA: 

O’Laughlin & Paris LLP for Modesto Irrigation District, 2014-2015. 

Consulting Historian Services Since 2006 

Historical Research and Analysis of “Cultivation,” Agricultural Practices, and the Origins of 

California Water Code Section 1004. San Francisco: Duane Morris, 2020-Present. 

Clear Lake Littoral Rights Analyses, Lake County, CA. Woodland: Yolo County Flood Control and 

Water Conservation District, 2019-Present. 

Riparian and Pre-1914 Appropriative Water Rights Investigation of Parcels along Merced River, 

Merced County, CA, 2018-Present. 

Investigation of Historical Water Right Entitlements within the Kern River Basin, Kern County, CA, 

2018-Present. 

Riparian Water Rights Investigation of Parcels in San Joaquin County, 2018-Present. 

Investigation of Historical Water Right Entitlements within the Stanislaus River Basin, 2018-
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Riparian and Pre-1914 Appropriative Water Rights Investigation of an Agricultural Parcel in 

Merced County, CA, 2017-Present. 
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River Basin, Fresno County, CA, 2017-Present. 
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Riparian and Pre-1914 Appropriative Water Rights Investigation of Sacramento-San Joaquin Delta 

Islands, 2016-Present. 

In Re the General Adjudication of Rights to the Use of Water from the Coeur d’Alene-Spokane River Basin 
Water System. District Court of the Fifth Judicial District of the State of Idaho, Twin Falls, ID. 

Assisted in the research, document / data management, and preparation of an expert report 

regarding water rights claims made in the general adjudication of water rights in the Coeur d’Alene-

Spokane River Basin, Idaho. Boise, ID: Natural Resources Division, Office of the Attorney General, 

State of Idaho, 2010-Present. 

Riparian Water Rights Investigation of the Cal West-South Meridian Road Property. Marysville, 

CA: Stromer Realty, 2020. 

Historical Research of California Public Utilities Records, 2018. 

Historical Research of Military Operations at McClellan United States Air Force Base, Sacramento, 

CA, concerning use of chromium and chromium products, 2018. 

Riparian Water Rights Investigation of Parcels in San Joaquin County, 2018-2019. 

Historical Research of Water Rights for a Parcel in Stanislaus County. Sacramento, CA: O’Laughlin 

& Paris, LLP, 2017-2018. 

Potentially Responsible Parties (CERCLA) Title Research for a Parcel in Tulare County. Rancho 

Cordova, CA: Geocon Consultants, Inc., 2017. 

Historical Research of Native American / Federal Reserved Water Rights Claims. Humboldt 

County, CA, 2017-2018.  

Historical Research of Water Rights acquired by the City of Santa Cruz. Santa Cruz, CA: Atchison, 

Barisone, Condotti & Kovacevich, 2016-2017. 

Historical Research on Dams and Flood Control Operations on the Boise River. Boise, ID: Natural 

Resources Division, Office of the Attorney General, State of Idaho, 2015-2017. 

Historical Research Concerning Reclamation District Assessments in Colusa County. Sacramento, 

CA: Somach Simmons & Dunn, 2016. 

In Re the General Adjudication of Rights to the Use of Water from the Snake River Drainage Basin Water 
System, State of Idaho v. United States; State of Idaho; and all unknown claimants to the use of water from 
the Snake River Drainage Basin Water System, District Court of the Fifth Judicial District of the State 

of Idaho, Twin Falls, ID.  Assisted in the research, document / data management, and preparation of 

several expert and consultant reports related to Idaho state water rights from statehood to the 

present of the more than 158,000 water claimants in the Snake River Drainage Basin, Idaho. These 

studies involved reservoir storage rights, appropriative water claims, groundwater use, submerged 

lands, hydro-electric power generation, municipal water uses, federal reserved water rights for 
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military, forest, and Indian reservations, tribal water claims, and legislative histories. Boise, ID: 

Natural Resources Division, Office of the Attorney General, State of Idaho, 2006-2016. 

Research regarding Pre-1914 Water Rights of Woods Irrigation Company, San Joaquin County, CA.  

Sacramento, CA: State Water Contractors and San Luis and Delta-Mendota Water Authority, 

2015-2016. 

Riparian Water Rights Investigation for Agricultural and Wetlands in the Cosumnes River 

watershed, Sacramento County, CA. Sacramento, CA: Sacramento County Counsel, 2015-2016. 

Riparian and Pre-1914 Appropriative Water Rights Investigation of Agricultural Lands in the 

Salinas River Basin, Monterey County, CA, 2015-2016.   

Riparian and Pre-1914 Appropriative Water Rights Investigation of Agricultural Lands adjacent to 

the Sacramento River, Yolo County, CA, 2015-2016.   

Historical Research and Analysis of the Construction of Cline Falls Dam and Power Plant on 

Deschutes River, Oregon. Bend, OR: Holland & Knight, LLP, 2015. 

Historical Research of Shipbuilding Operations at Swan Island Shipyards, Port of Portland, Oregon. 

San Francisco: Bassi, Edlin, Huie and Blum, 2015. 

Historical Research of Land Uses and Development West of Hunters Point, San Francisco. San 

Francisco, CA: Bassi, Edlin, Huie and Blum, 2015. 

Research Regarding Historical Background of Groundwater Pumping and Litigation in the 1950s 

among Orange County, Riverside, and San Bernardino Area Water interests in the Upper Santa Ana 

River Basin in Southern California. Redlands, CA: Thomas McPeters, Esq., McPeters McAlearney 

Shimoff & Hatt, 2013-2015.  

Historical Investigation of Riparian and Pre-1914 Appropriative Water Right Claims for Three 

Parcels in eastern Contra County, CA, 2014.  

Gallo Cattle Company v. Lincoln White Crane Hunter Farms; Merced Irrigation District, et. al. Case No. 

CV00105, Superior Court, State of California, County of Merced. Assisted in the collection of 

historical documentation in support of an expert witness deposition and planned testimony 

regarding Crocker Huffman Land and Water Company history, development of its irrigation and 

drainage system (later acquired by MID), and the background of a 1918 agreement to flow water 

from Merced County Drainage District #1 (later acquired by MID) to a private landowner. Walnut 

Creek, CA: Miller Starr Regalia; and San Francisco, CA: Duane Morris, LLP, 2013-2014.  

Land Use History, Union Lumber Company and adjacent properties, Fort Bragg, CA. San Francisco, 

CA: Bassi, Edlin, Huie and Blum, 2013-2014. 

Reclamation and Land Use History Investigation: Roberts Island, San Joaquin Delta, CA. 

Sacramento, CA: O’Laughlin & Paris LLP for Modesto Irrigation District; Kronick, Moskovitz, 
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Tiedemann & Girard for State Water Contractors; and Diepenbrock Harrison for San Luis and 

Delta-Mendota Water Authority, 2010-2014.  

History of Groundwater Development and Use in Antelope Valley to Fulfill the Changing Military 

Missions of Edwards Air Force Base, Kern, San Bernardino and Los Angeles Counties, CA. Denver, 

CO: US Department of Justice, 2009, 2012-2014.    

Research on a Pre-1914 Appropriative Water Rights Claim for a Ranch in Merced County, 2013.   

Cortopassi Partners v. California Department of Water Resources, et al. Case No. CV034843, Superior 

Court, State of California, County of San Joaquin. Assisted in the collection of historical 

documentation in support of an expert witness deposition and planned testimony concerning public 

and private dredging on the Mokelumne River. Sacramento, CA: California Department of Justice, 

2012-2013. 

Investigation of Historical Reclamation and Land Use of Union Island, San Joaquin Delta, CA. 

Sacramento, CA: O’Laughlin & Paris LLP for Modesto Irrigation District; Kronick, Moskovitz, 

Tiedemann & Girard for State Water Contractors; and Diepenbrock Harrison for San Luis and 

Delta-Mendota Water Authority, 2011-2013.  

Investigation of Historical Delineations of the Rialto Groundwater Basin, San Bernardino, CA. 

Redlands, CA: Thomas McPeters, Esq., McPeters McAlearney Shimoff & Hatt, 2010-2013.  

Investigation of Historic Water Development at Two Well Sites: Chino Groundwater Basin. Rancho 

Cucamonga, CA: Cucamonga Valley Water District, 2010-2012. 

Historical Research of Water Development on the Merced River for Irrigation, Mining, and Power 

Purposes Prior to the Organization of the Merced Irrigation District, 1860-1926. Merced, CA, 

2008-2012. 

Historical Research of US Army Corps of Engineers’ dredging and flood control activities on the 

Yuba River. Sacramento: MBK Engineers, 2012. 

Sacramento River and San Joaquin River Levees: Research on history of construction, maintenance, 

repair, and performance, California. Sacramento: Kleinfelder, 2008-2012. 

Research related to Water Storage, Diversion and Use by American Falls Reclamation District No. 

2, In Re the General Adjudication of Rights to the Use of Water from the Snake River Drainage Basin Water 
System, State of Idaho v. United States; State of Idaho; and all unknown claimants to the use of water from 
the Snake River Drainage Basin Water System, Subcase No. 39576, District Court of the Fifth Judicial 

District of the State of Idaho, Twin Falls, ID. Boise, ID: Natural Resources Division, Office of the 

Attorney General, State of Idaho, 2011.   

Historical Research regarding Operation of and Water Use at a Power Plant on Lytle Creek, San 

Bernardino County, CA for California Public Utilities Commission Hearings. Fontana, CA: Fontana 

Water District, and Rosemead: San Gabriel Water District, 2011.   
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Historical Water Rights Investigation – San Joaquin, Amador, and Calaveras counties, CA, 2011. 

Susan River Pre-1914 Water Rights Investigation, Lassen County, CA. Chico, CA: O’Laughlin & Paris 

LLP, 2010. 

Lower Lytle Creek Power Plant and Appurtenant Facilities: Construction and Water Use History.  

Redlands, CA: Thomas McPeters, Esq., McPeters McAlearney Shimoff & Hatt, 2010.  

Due Diligence Research of Historical Land Uses, and Pre-1914 Appropriative and Riparian Water 

Rights associated with an 8,000-acre historic ranch in Madera County, CA, 2009-2010.   

Legislative history of California’s “Area of Origins” laws (County of Origin, Water Code Sections 

10500-10506, and the Watershed Protection Statute, Water Code Sections 11460-11465). 

Stockton, CA: Herum/Crabtree Attorneys, 2009-2010. 

History of Fontana Union Water Company’s Lytle Creek Diversion on the San Bernardino National 

Forest. Fontana, CA: Fontana Union Water Company; Rancho Cucamonga: Cucamonga Valley 

Water District; and Rosemead, CA: San Gabriel Water District for submission to the Chief Counsel 
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June 17,1902 .

	

CHAP. 1093.-An Act Appropriating the receipts from the sale and disposal of

[Public, No. 161.)

	

public lands in certain States and Territories to the construction of irrigation works
for the reclamation of arid lands .

Be it enacted by flee Senate and House of Representatives n f the United
Irrigation.

	

States of America in Congress assembled, That all moneys received
fund eestablaiehed from the sale and disposal of public lands in Arizona, California, Col-
f
lana receipts

. public orado, Idaho, Kansas, Montana, Nebraska, Nevada, New Mexico,
North Dakota, Oklahoma, Oregon, South Dakota, Utah, Washington,

Post, p.1119 .

	

and Wyoming, beginning with the fiscal year ending June thirtieth,
nineteen hundred and one, including the surplus of fees and commis-

Exception . sions in excess of allowances to registers and receivers, and excepting
the five per centuni of the proceeds of the sales of public lands in the
above States set aside by law for educational and other purposes, shall
be, and the same are hereby, reserved, set aside, and appropriated as
a special fund in the Treasury to be known as the " reclamation fund,"
to be used in the examination and survey for and the construction and
maintenance of irrigation works for the storage, diversion, and devel-
opment of waters for the reclamation of arid and semiarid lands in the
said States and Territories, and for the payment of all other expendi-

suoplo . Of agrienL
tures provided for in this Act : Provided, That in case the receipts

tural, etc., colleges. from the sale and disposal of public lands other than those realized
from the sale and disposal of lands referred to in this section are insuf-
ficient to meet the requirements for the support of agricultural col-

vol. 26, p . 417 . leges in the several States and Territories, under the Act of August
thirtieth, eighteen hundred and ninety, entitled "An Act to apply a
portion of the proceeds of the public lands to the more complete
endowment and support of the colleges for the benefit of agriculture

Vol . 12, p . sod .

	

and the mechanic arts, established under the provisions of an Act of
Congress approved July second, eighteen hundred and sixty-two,"

Deficiency . the deficiency, if any, in the sum necessary for the support of the said
colleges shall be provided for from any moneys in the Treasury not
otherwise appropriated .

Location and con- SEC . 2. That the Secretary of the Interior is hereby authorized and
struction of irrigation
works. directed to make examinations and surveys for, and to locate and con-

struct, as herein provided, irrigation works for the storage, diversion,
and development of waters, including artesian wells, and to report to
Congress at the beginning of each regular session as to the results of

Estimates of cost. such examinations and surveys, giving estimates of cost of all contem-
plated works, the quantity and location of the lands which can be irri-
gated therefrom, and all facts relative to the practicability of each
irrigation project; also the cost of works in process of construction
as well as of those which have been completed .

Lands withdrawn SEC. 3 . That the Secretary of the Interior shall, before giving the
from public entry. public, notice provided for in section four of this Act, withdraw from

public entry the lands required for any irrigation works contemplated
Restoration .

	

under the provisions of this Act, and shall restore to public entry any
of the lands so withdrawn when, in hip, judge ent, such lands are not

Entry of irrigable required for the purposes of this Act ; and the . Secretary of the Inte-
lands . rior is hereby authorized, at or immediately prior to the time of

beginning the surveys for any contemplated irrigation works, to
withdraw from entry, except under the homestead laws, any public

P,°oris's,

	

lands believed to be susceptible of irrigation from said works : Pro-
Homestead entries. vided, That all lands entered and entries made under the homestead

laws within areas so withdrawn during such withdrawal shall be sub-
ject to all the provisions, limitations, charges, terms, and conditions

Surveys, etc . of this Act ; that said surveys shall be prosecuted diligently to com-
pletion, and upon the completion thereof, and of the necessary maps,
plans, and estimates of cost, the Secretary of the Interior shall deter-
mine whether or not said project is practicable and advisable, and if
determined to be impracticable or unadvisable he shall thereupon
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restore said lands to entry ; that public lands which it is proposed to
irrigate by means of any contemplated works shall be subject to entry
only under the provisions of, the homestead laws in tracts of not less
than forty nor more than one hundred and sixty acres, and shall be
subject to the limitations, charges, terms, and conditions herein pro-
vided : Provided, That the commutation provisions of the homestead al oommn ntation not

laws shall not apply to entries made. under this Act .
SEc. 4 . That upon the determination by the Secretary of the Interior contracts.

that any irrigation project is practicable, be may cause to be let con-
tracts for the construction of the same, in such portions or sections as
it may be practicable to construct and complete as parts of the whole
project, providing the necessary funds for such portions or sections
are available in the reclamation fund, and thereupon he shall give

g
Publiclicoti cofi,public notice of the lands irrigable under such project, and limit of etc °

area per entry, which limit shall represent the acreage which, in the
opinion of the Secretary, may be reasonably required for the support
of a family upon the lands in' question ; also of the charges which shall
be made per acre upon the said entries, and upon lands in private
ownership which may be irrigated by the waters of the said irrigation
project, and the number of annual installments, not exceeding ten, in
which such charges shall be paid and the time when such payments
shall commence. The said charges shall be determined with a view of
returning to the reclamation fund the estimated cost of construction
of the project, and shall be apportioned equitably : Provided, That in Pro- *o.

tofworkhoura.
all construction work eight hours shall constitute a day's work, and no Mongolian labor.

Mongolian labor shall be employed thereon .
SEc. 5 . That the entryman upon lands to be irrigated by such works t,.y,anrementecfen'

shall, in addition to compliance with the homestead laws, reclaim at
least one-half of the total irrigable area of his entry for agricultural
purposes, and before receiving patent for the lands covered by his entry
shall pay to the Government the charges apportioned against such
tract, as provided in section four. No right to the use of water for
land in private ownership shall be sold for a tract exceeding one hun-
dred and sixty acres to any one landowner, and no such sale shall be
made to any landowner unless he be an actual bona fide resident on
such land, or occupant thereof residing in the neighborhood of said
land, and no such right shall permanently attach until all payments
therefor are made . The annual installments shall be paid to the Payments'

receiver of the local land office of the district in which the land is situ-
ated, and a failure to make any two payments when due shall render
the entry subject to cancellation, with the forfeiture of all rights
under this Act, as well as of any moneys already paid thereon . All Disposal of receipts.

moneys received from the above sources shall be paid into the reclama-
tion fund. Registers and receivers shall be allowed the usual com- commissions,

missions on all moneys paid for lands entered under this Act .

	

Use of reclamationSEc. 6. That the Secretary of the Interior is hereby authorized and fund.
directed to use the reclamation fund for the operation and maintenance
of all reservoirs and irrigation works constructed under the provisions
of this Act : Provided, That when the' payments required by this Act ownershipofworks .
are made for the major portion of the lands irrigated from the waters of
any of the works herein provided for, then the management and operation
of such irrigation works shall pass to the owners of the lands irrigated
thereby, to be maintained at their expense under such form of organi-
zation and under such rules and regulations as may be acceptab_ le to
the Secretary of the Interior : Provided, That the title to and the man- Title.

agement and operation of the reservoirs and the works necessary for
their protection and operation' shall remain in the Government until
otherwise provided by Congress .
SEc. 7 . . That where in carrying out the provisions of this Act it

rights,

	

for

becomes necessary to acquire any rights or property, the Secretary of
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the Interior is hereby authorized to acquire the same for the United
States by purchase or by condemnation under judicial process, and to
ay from the reclamation fund the sums which may be needed for that

purpose, and it shall be the duty .of the, Attorney-General bf the
United States upon every application of the Secretary of the Interior,
under this Act, to cause proceedings to be commenced for condemna-
tion within thirty days from the receipt of the application at the
Department of Justice.

Irrigation laws of SEC: 8. That nothing in this Act shall be construed as affecting or
States and Territories dnot affected . intended to affect or to i n any way interfere with the laws of any State

or Territory relating to the control, appropriation, use, or distribution
of water used in irrigation, or any vested right acquired thereunder,
and the Secretary of the Interior, in carrying out the provisions of

interstate streams. this Act, shall: proceed in conformity with such laws, and nothing
herein shall in any way affect any right of any State or of the Federal
Government or of any landowner, appropriator, or user of water in,

Pro'

	

to, or from any interstate stream or the waters thereof : Provided,
Basis of use.

That the right to the use of water acquired under the provisions of this
Act shall be appurtenant to the land irrigated, and beneficial use shall
be the basis, the measure, and the limit of the right .

Efunds
.xpenditure of SEC. 9. That it is b,ereby declared to be the duty of the Secretary of

the Interior in carrying out the provisions of this Act, so far ass the
same may be practicable and subject to the existence of feasible irriga-
tion projects,' to expend the major portion of the funds arising from
the sale of public lands within each State and Territory hereinbefore
named for the benefit of arid and semiarid lands within the limits of

Temporary use.

	

such State 'or Territory : Provided, That the Secretary ay temporarily
use such portion of said funds for the benefit of arid or semiarid lands
in any particular State or Territory hereinbefore named as he may
deem advisable, but when so used the excess shall be restored to the
fund as soon as practicable, to the end that ultimately, and in any

Equalizationofben- event, within each ten-year period after the passage of this Act, the
etits'

	

expenditures for the benefit of the said States and Territories shall be
equalized according-to the proportions and subject to the conditions as

Regulations, etc : toSEC . 10. That the Scr tovyof the Interior is hereby authorized to
perform any and all acts and to make such rules and regulations as may
be necessary and proper for the purpose of carrying the provisions of
this Act into full force and effect .
Approved, June 17, 1902 .

June 18, IW2.

	

CHAP. 1121.-An Act To authorize the Nashville Terminal Company to con-
[Public, No. 162.] struct a bridge across the Cumberland River in Davidson County, Tennessee .

Be it enacted by the Senate and House of Representatvvee'of the United
Cumberland Ricer.
Nashville Terminal States of America in Congress assembled; That the Nashville Terminal

Company may bridge, Company, a corporation created and organized under the laws of the
at Nasbviue. State of Tennessee, be, and is hereby, authorized to construct . and main-

tain, for the passage of railway trains, a bridge, and approaches thereto,
over the Cumberland River at any point in the county of Davidson in
said State within five miles above or within five miles below the cor-
porate limits of the city of Nashville, in said county, which said com-
pany may deem most advantageous, and which may be approved by
the Secretary of War.

Secretary of War to SEC. 2 . That said bridge shall be located and built under such regu-
approve plans, etc . lations for the security of navigation as the Secretary of War shall

prescribe ; and to secure that object the said company shall submit to
the Secretary of War for his examination and approval a design andd
drawing of the bridge, and a map of the location, giving for such
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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR, 
UNITED STATES GEOLOGICAL SURVEY,

RECLAMATION SERVICE, 
Washington* D. t'., January 12, 1905.

SIR: I transmit herewith a manuscript by Prof. Chas. S. Slichter, 
entitled ""Observations on the Ground Waters of Eio Grande Vallejr," 
and request that it be published as one of the series of Water-Supply 
and Irrigation Papers. This report contains results of recent investi 
gations in connection with the underground-water problem^ of Eio 
Grande Valley, and it is believed that the facts made availabl 0- will be 
of general interest and value. 

Very respectfully,
F. H. NEWELL, Chief Engineer. 

Hon. CHARLES D. WALCOTT,
Director United States Geological Survey.
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OBSERVATIONS ON THE GROUND WATERS OF RIO 
GRANDE VALLEY.

By CHARLES S. SLIGHTER.

CHAPTER I.

INVESTIGATION OF THE UNDERFLOW AT THE NAFBOW8 
OF THE BIO GBANDE NEAB EL PASO, TEX.

An investigation of the underflow of the Rio Grande was begun in 
the latter part of August, 1904, at the narrows of the Rio Grande, a 
few miles above El Paso, Tex., where the stream flows through a 
narrow gorge of limestone. At this place is the site of the proposed 
Mexican-American international dam. At the surface of the water 
the distance between the walls of the gorge is less than 400 feet. The 
dam site has been investigated by the International (Water) Boundary 
Commission, organized by the joint action of the American and Mexi 
can Governments, and maps and reports concerning the proposed dam 
will be found in the Proceedings of the International (Water) Bound 
ary Commission, vol. 2, page 277.

A brief reconnaissance at the site of the proposed international dam 
indicated that there could be no underflow of any magnitude at this 
point. The distance between the walls of the gorge is less than 400 
feet, and the test borings made by the Mexican commission in 1897 
seemed to indicate that the maximum depth to bed rock is 86 feet. A 
cross section of the gorge, based upon the Mexican borings, is shown 
in fig. 2. In this diagram the vertical and horizontal scale are the 
same. A cross section of less than 40,000 square feet could not trans 
mit a large volume of ground water even if other conditions were 
favorable. The highest velocity ever determined for ground water is 
about 100 feet in twenty-four hours, and assuming this maximum 
velocity at the above cross section, and a porosity of one-thiri in the 
water-bearing sands and gravel, the daily discharge would be 1,333,000 
cubic feet, or 15i cubic feet per second. The gradient of the water 
plane at the narrows is but 3T8g feet to the mile, and all other indica 
tions point to a low rather than a high velocity.

None of the usual indications of an underflow were found at this 
point. If there was a true underflow a stream undoubtedly would

9
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10 GROUND WATERS OF BIO GRANDE VALLEY. [NO. 141.

flow perennially in the narrowest part of the gorge. Some miles 
above the site of the dam the valley broadens and is 2 to 5 miles in 
width, the sides gradually converging as the gorge is approached. 
The diminishing cross section would cause any underflow waters in the

FIG. 1. Topographic map of the gorge of the Rio Grande above El Paso Tex., where the underflow
measurements were made.

valley above the narrows to seek relief at the surface in the narrow 
gorge and form a perennial flowing stream. Instead of this being the 
case the river is perfectly dry at the gorge when it ceases to flow above
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S^ICHTEB.] UNDERFLOW AT THE NARROWS. 11

the pass. It was dry during several months of 1904. In addition to 
a perennial surface flow through the narrowest portion of and above 
the gorge and near its converging sides, the ground waters should 
have a slightly artesian character. None of these common indications 
of an underflow were found.

Notwithstanding the above considerations, actual determinations of 
the rate of underflow were begun, largely on account of a local popu 
lar belief that there is an enormous underflow at this point. The 
results of the investigation are in accordance with general considera 
tions above indicated.

The material in the river bed at the site of the proposed inter 
national dam consists of sand and fine gravel with occasional Ir.yers of 
silt. No bowlders were encountered in sinking the test wells and the 
borings were made with great ease. The ground waters in tr°> sands 
of the gorge were found to contain a large amount of dissolved solids.

PIG. 2. Cross section of the gorge of the Bio Grande, above El Paso, Tex., at the site of the proposed 
international dam.

The numbers inclosed in the rectangles give the velocity of the gronnd water in feet per twenty-four 
hours. The numbers inclosed in circles give the amount of common salt in parts per 100,000 dis 
solved in the ground water. The table at the right gives the depths of the test wells and the 
amount of total solids found in the water. The supposed rock bottom is given as determined by 
the Mexican borings, the vertical and horizontal scales being alike.

At a depth of 10 feet the waters contained about 100 parts per 100,000 
of common salt, and the quantity became larger as distance from the 
surface increased. Below a depth of 32 feet so much salt was present 
that it was very difficult to determine the rate of motion of the ground 
waters. At a depth of 42 feet the common salt in solution amounted 
to 1,340 parts per 100,000; at 60 feet it reached 1,700 parts per 100,000; 
in a 50-foot test hole it amounted to 1,720 parts per 100,000. The 
total solids dissolved in the ground water were proportionately as large 
as the amount of common salt, so that at a depth of 40 feet th°i water 
was about half as strong as sea water, and at a depth of 60 fee* it was

TX_MSJ_002110



12 GROUND WATERS OF RIO fIRANDE VALLEY. [NO. 141.

a)tout 30 per cent stronger than ordinary sea water. In fig. 2 the 
positions of the principal test wells arc shown.

The velocities as found at stations 1, 2, and 3 weye, very uniform, 
being 2.9 feet per twenty-four hours at station 1, 2.8 feet per twenty- 
four hours at station 2, and 2.9 feet per twenty-four hours at station 3. 
The greatest depth at which it was practicable to make a determination 
of the rate of flow was 42 feet, where the common salt in solution 
amounted to about 1,400 parts per 100,000. In order to increase the 
conductivity of this water, it was necessary to make use of a stronger 
electrolyte than ammonium chloride. For this purpose a quantity of 
ammonium chloride was saturated with a gallon and a half of hydro 
chloric acid. This mixture was used to salt the upstrer.m well used for 
determining the rate of the underflow. From the way the apparatus 
worked it was evident that it is possible to determine tb^ rate of move 
ment of ground waters as strong in salt as the water of the Rio Grande

\

3OO 600 900 1800 ZJOO Z40O Z7OO 3OOO 33OO 36OO 39OO '^^OO 45OO 
Parts per IOO.OOO

FIG. 3. Diagram showing the variation with depth of the total solids and chlorine in the ground
water at the gorge or narrows of the Rio Grande above El Paso. 

The rapid rate of increase in the dissolved solids at a depth of about 40 feet indicates that the water
below such depth is stagnant or without appreciable movement.

at a depth of 42 feet; as a matter of fact, however, th« water at this 
depth is either stationary or moves much slower than at higher levels. 
After waiting three days none of the electrolytes had reached the 
downstream wells, and it was concluded that there was practically no 
motion of the ground water at this depth. A few of the test wells 
were driven to a greater depth, in order to secure samples of the water 
and to note the amount of contained solids, but no measurements of 
the rate of motion of the waters were attempted. Fig. 3 represents 
by curves the variation of the chlorine, 05 and total solids with the 
depth as determined from the various test wells. This diagram sug 
gests that the water below the 35- or 40-foot level is not moving. The

« The amount of common salt is proportional to the chlorine.
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SLIGHTER.] UNDEBFLOW AT THE NARROWS. 13

increase in totai solids is not uniform, but becomes greater below the 
35-foot line. The amount of chlorine shows a similar jump at about 
the same depth, but after increasing suddenly it seems to remain sta 
tionary. This may be due to the fact that the common salt in solution 
originates above the gorge, and has been slowly concentrated during 
a long time. The total solids, on the contrary, include the dissolved 
salts of lime, which can become almost indefinitely concentrated from 
the limestone debris in the gravels of the gorge itself.

It would be interesting to know whether the depth of the mc«it sud 
den increase in the dissolved salts (say 35 feet) corresponds to the 
depth of the maximum scour of the river at the gorge.

The velocities of the ground water in the tests described above are 
undoubtedly the maximum velocities in the narrows of the gorge, since 
pains were taken to make the tests in the coarsest strata encountered 
in the borings. Layers of fine silt were frequently met with in put 
ting down the test wells, which probably accounts for the stagnant 
condition of the water below the 35-foot level. These layers of silt 
are undoubtedly imbricated in such a way that movement of the deeper 
ground waters is impossible.

The total cross section in which the ground waters move is about 35 
feet in depth and 325 feet in width and has an area of 11,200 square 
feet. If it is assumed that the porosity of the material is on^-third 
and the maximum velocity of the ground water is 3 feet per d^y, the 
total discharge through the gorge does not exceed 11",200 cubic feet 
per twenty-four hours, or about 0.132 cubic foot per second, or about 
50 gallons a minute. This amount of underflow is entirety insignifi 
cant. It is obvious that on account of the enormous quantity of dis 
solved solids the underflow would be worthless, no matter what its 
magnitude might be.
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CHAPTER II. 

GROUND WATERS BELOW EL PASO, TEX.

The Rio Grande Valley below El Paso has been studied with refer 
ence to possibility of obtaining a ground-water supp'y from wells. 
East and north of El Paso is a very level strip of country known as 
the "Lanoria Mesa." This mesa lies between 4,000 and 5,000 feet 
above the sea level, and extends as a nearly unbroken plain between 
two north-south ranges of mountains. On the west tl ?- mesa is lim 
ited by the Franklin, Organ, and San Andres mountains, to the east 
it is bordered by the Hueco Mountains, and farther nor^h by the Sac 
ramento Mountains. At the southern end the east and west extent of 
the mesa is about 20 miles, and at the north it is almost unbroken for 100 
miles. The north end of the mesa is interesting on account of several 
very unusual topographic features. A number of miles west and north 
of Alamogordo, N. Mex., are depressions which are said to be the 
channels of an ancient river. A great overflow of lava covers the 
northern portion of the mesa, and apparently hide? the bank of 
the ancient river channel. About 18 miles north and west of Ala 
mogordo are found the famous " white sands" of New Mexico, which 
consist of wind-blown hillocks of granular grains of gypsum. The 
white sands belt has, east to west, a width of 5 to 18 miles, a length 
north to south of about 40 miles, and an area of nearly 600 square 
miles.

In the northern portion of the Lanoria Mesa good wells are very 
rare, and at many places are quite unknown. The ground waters for 
the most part are highly alkaline and unsatisfactory for use. Run 
ning water can be noticed in many places flowing beneath the lava 
bed, forming a subterranean stream locally called the "Lost River."

In the southern portion of the mesa within 20 miles of the Rio 
Grande is a very fine-grained, water-bearing sand at a depth of about 
230 feet. The water-bearing stratum is between 30 and 60 feet thick 
where it has been found and the contained water is cf an excellent 
quality. The strongly alkaline waters common in the northern part 
of the mesa seem to be entirely absent from this portion. The water- 
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GROUND WATEKS BELOW EL PASO, TEX. 15

bearing sand, however, is too fine grained to furnish wells of large 
capacity. The origin of ground water in this sand stratum is difficult

106*30' 106*20

river, and ground 
water taken here

Lines run with /ere/s
Scale 

i 2 3 miles

106°30'

FIG. 4. Map showing location of wells and pumping plants in the valley and on the mesa east of El 
Paso. The lines run with level are shown.

to trace. Nearly everywhere in the southern part of the mes<> there 
is within a few feet of the surface from 3 to 6 feet of " caliche," a
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16 GROUND WATEES OF BIO GRANDE VALLEY. [NO. 141.

cemented calcareous impervious conglomerate that prevents the seep 
age of ground water. The deposit of "caliche" seem^ to be the result

of the evaporation of the ground water near the surface of the mesa. 
Whenever this "caliche" is present the rainfall is undoubtedly unable
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to penetrate the ground for a distance of more than a few feet. The 
annual precipitation is so slight, not exceeding a total of 9 inches, that 
the portion that sinks into the ground must soon be evaporated by the 
intense heat of the sun wherever the "caliche" is present.

It is difficult to believe that the ground water in the stratum of sand 
referred 'to above is derived from the run-off from the north-south 
mountain ranges. These mountain ranges consist very largely of 
limestone; and the small canyon streams run high in calcium, but the 
waters found in the sand stratum are very soft and show no indication 
of having originated in a calcareous catchment area. The most prob 
able source of the water of the sand stratum of the mesa is tl *> rain 
fall on the mesa itself, especially on limited portions located between 
12 and 25 miles north of the Rio Grande. Part of the surface material 
on the mesa near Hereford is very sandy and is fairly well adapted to 
receive and absorb a considerable part of the light rainfall. Tv ^ rail 
road wells drilled at this point indicate that only a fractional part of 
the sand stratum is saturated with water, while in the lower part of 
the mesa in the neighborhood of Fort Bliss, near the valley of the Bio 
Grande, the water in the sand is found under an artesian head. These 
facts are brought out in fig. 5. As will be seen by inspection of this 
diagram, the source of the ground water found in.the deep-lyincr sands 
and gravels should be sought in the neighborhood of Hereford. The 
ground water certainly can not have had its source near Fort Bli^s, as is 
proved by its artesian character. North of Hereford a point is reached 
at which the ground waters' are very strongly alkaline, and it is evi 
dent that water can not have originated so far north. The contrast 
between the strong waters in the north and the soft waters in the 
southern part of the mesa suggests that the waters of the one portion 
of the mesa must be cut off geologically from those of the other part.

Within a few miles of the southern edge of the mesa several deep 
wells have been sunk to obtain water from the above-mentioned sand 
and gravel. Near the southern edge of the mesa the Southern Pacific 
Railroad has a group of wells designed to obtain ground wr.ter for 
railroad purposes. The wells are 8 inches in diameter and about 270 
feet deep, and each contains at the bottom a No. 6 Cook strainer, 7 
inches by 20 feet in dimensions. The quality of the water is excel 
lent, but the quantity is very limited. The four wells, each supplied 
with a Downey double-acting deep-well pump, are able to secure no 
more than 150,000 gallons in twenty-four hours. About c me-half 
mile north of the Southern Pacific wells two wells have been sunk to 
obtain water for the use of Fort Bliss Military Reservation The 
two wells are about 20 feet apart, the depth of the eastern well 
being 313 feet and that of the western 319 feet. The wells have a 
diameter of 8 inches, contain 6-inch suction pipes, and carrj* at the 
bottom a No. 6 Cook strainer, 5f inches in diameter and 8 feet long. 

IKB. 141 05  2
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18 GROUND WATERS OF RIO GRANDE VALLEY. [NO. 141.

They are pumped by two Cook deep-well pumps, which lift from 
52,000 to 86,000 gallons in twenty-four hours. About 200 feet north 
of the military reservation at Fort Bliss the International Water Sup 
ply Company, of El Paso, Tex., has sunk seven 12-inch California 
stovepipe wells for the purpose of securing a municipal water supply 
for the city of El Paso. In one of these wells, which ended at the 
depth of 2,800 feet in a bed of dry clay, no water-bearing stratum was 
found below the sand referred to above. The yield of the Interna 
tional wells had not been determined, but it was evidert from samples 
of material that it could not be much greater than thr,t at the South 
ern Pacific or the military reservation wells. A yield of 100,000 
gallons per twent}7-four hours for each of the seven wells of the Inter 
national Water Supply Company is probably a large estimate.

At the southern boundary of the mesa the Rio Grande is about 40 
feet higher than the top of the water-bearing sand mentioned above 
(see tig. 5). There is every indication that at the time the river eroded 
the gorge above the city to the depth of 86 feet it aleo cut into this 
deposit of sand and resorted and redeposited the material, carrying 
away the finer portions. For this reason good wells can be had along 
the edge of the mesa wherever the river has done its work, except in 
a few places where the river has carried away all of the sand and left a 
local deposit of clay and mud. The water in the rescrted gravels is 
very good, but not nearly as soft as the water of the wells on the mesa 
proper. In these resorted sands and gravels are located the wells 
used for irrigation in the bottom lands of the Rio Grarde. The water 
found in the sands in the neighborhood of these pumping plants is 
probably in large part contributed by the Rio Grande. The accom 
panying table gives partial analyses of water taken from the mesa 
wells and from the wells in the bottom lands of the river. Further 
more, as shown by fig. 5, on the mesa the water plp.ne slopes very 
gently toward the Rio Grande and near the irrigation pumping plants 
it slopes at a higher angle away from the river chanr^l. As can be 
seen from fig. 5, the water planes on August 29, 1904, at the wells of 
W. N. French, about 3 miles east of El Paso, sloped away from the 
river at a gradient of 2 feet to the mile, while the slope from the mesa 
to French's well was two-thirds foot to the mile. C ̂  that date the 
water plane in the channel of the river stood about 2 feet lower than 
the surface of the stream. This indicates that the river probably does 
not furnish very much water to the sand 011 account of the deposits 
of silt in the river bed, except at times of flood, when the scour of the 
river extends to a considerable depth. At such timer it is probable 
that the sands take up and store a considerable quantity of river water, 
which ultimately finds it way to the pumping plants.

Conditions similar to those mentioned were found about 8 miles east
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of El Paso, at the pumping plants of J. A. Smith and J. S. Porcher. 
Fig. 7 shows the slope of the water plane between the river channel
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FIG. 6. Elevation of water plane at Porcher's well No. 1.
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FIG. 7. Water plane between Porcher's and Smith's pumping plants and the Rio tirande or Septem 
ber, 5, 1904.

and the wells of Smith and Porcher, as determined on Septeirber 5, 
1904.
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Partial analyses of samples of irater from the Rio Grande Valley, Texas and New Mexico.

[In parts per 100,000.]

Name of well.

Samples taken near El Paso, 
Tex.:

City water, El Paso, Tex. . .

El Paso Brewery ..........

Felix Martinez. ...........

E. J. Hadlock ............

W.N.French.............

J. S. Porcher. .............

J. A. Smith No. 1.........

J. A. Smith No. 2.........

Southern Pacific wells .....

Fort Bliss Military Reser 
vation ..................

El Paso and Northeastern 
at Fort Bliss ............

International Water Co ....

Samples taken near Berino, 
N. Mex.:

Horace Ranch Co. No. 2... 

Horaco Ranch Co. No. 1 ... 

Horace Ranch Co. No. 3. . .

Samples taken near Las Cruces, 
N. Mex.:

G. H. Totten...... .......

T. Roualt........... ____..

W. N. Hager........ .. ..

A. L. Hines. ..............

F. C. Barker. ....... , ...

Mrs. E. M. Boyer .........

J. C. Carrera. .............

Samples taken at the gorge 
near El Paso:

Station No. 2....... ......

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

Station No. 3..... .......

Test well No. 1...... ......

Station No. 4....... ......

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

Station No. 5.. ............

Depth of 
well.

Feet.

58

68

30

78

60

62

60

270

315

| 250 
1 410

260

53

75 

62

62

48

63

59

48

52

58

10

22

29

10

42

60

50

Total 
solids.

127

72

62

104

55

110

174

90

42

29

1 46

22

126 

170 

203

99

76

71

73

96

57

83

128

169

400

5S9

137

1,438

4,600

2,500

Chlorine.

54.0

21.4

13.7

31.5

11.0

22.6

55.6

18.1

2.13

1.95

2.38

1.48

30.9 

54.2 

63.9

19.6

11.2

13.8

10.8

15.8

7.5

11.2

9.6

63

137

213

65.7

845

1,033

1,040

Harlness as 
Ci.CO8.

70.4

30.0

29.6

47.7

25.0

73.5

67.0

40.8

11.1

10.5

11.3

7.25

45.8 

62.8 

59.5

59.8

47.3

50.8

47.5

58.1

38.6

54.2

55.8

95

100

139

63.6

245.0

224

224

Alkalinity as 
CaCO3.

20.0

21.?

19.1

27.7
17.7
25:3

23.0

20.6

17.5

16.4

20.0

11.5

29.6 

37.0 
52.5

29.5

19.4

23.6

28.5

28.7

25.1
27.3

11.7

23.0
18.6
20.9

19.7
31.4

35.9
31.4
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During nine months ending August 25, 1904, there was no vrater in 
the river channel below El Paso. During this time the water plane 
at the Porcher well No. 1 (an unused well 100 feet from the well of the 
new pumping plant) fell a total distance of 2 feetr or to an elevation 
of 3,627.44 above mean sea level. By September 5, 1904, after four 
days1 rain the water in this well had risen 0.15 foot. The record of 
the week of rain is given in the table below. By October 2 th«i water 
plane had risen 0.37 foot (to 3,627.81 feet). On November 20, 1904, 
it was within 0.3 foot of the elevation before the 2-foot loss noted 
above, and was still rising' at the rate of about one-fifth inch per 24 
hours. On March 7,1905, the water in the well had reached an eleva 
tion of 3,630.79, or a total rise of 3.35 feet in seven months. There 
was water in the Rio Grande during all of this period.

These observations show clearly that the principal source of the 
ground water near Smith's and Porcher's ranches is seepage from 
the Kio Grande. A heavy flood about October 9 greatly accelerated 
the rate of rise of the water plane, as is shown by fig. 6, wh«,re the 
changes in level at Porcher's well No. 1 are represented b}' a c^irve.

Rainfall, in inches, at El Paso, Tex., September 1 to 10, 1904, as reported by the United
States Weather Bureau.

September 1.................... 0. 0
September 2 
September 3

09
,53

September 4 .................... .62
September 5 16
September6 .................... .61

September 7 ....... r ............ 0.09
September 8.................... Trace.
September 9.................... Trace.
September 10 ................... .0

Total..................... 2.10
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CHAPTER III.

EXAMINATION OF GROUND-WATER SUPPLIES IN THE 
MESILLA VALLEY.

The valley of the Rio Grande begins to broaden nortl of the narrows 
in the neighborhood of El Paso, Tex. Near Las Cracks, N. Mex., the 
level bottom lands are about 5 miles wide, and irrigation has been 
extensively carried on for many years. Besides the city of Las Cruces, 
there are situated in this part of the valley the village? of Mesilla and 
Mesilla Park. Between old Fort Selden, north of Las Cruces, and 
the post-offices of Berino and Anthony, about 12,000 acres are under 
cultivation.

Owing to frequent shortage in the river supply of vater, a number 
of pumping plants have been installed for the purpose of obtaining 
ground water for irrigation. One of the first wells for this purpose 
was drilled by the Agricultural College at Mesilla Park. At this place 
a coarse water-bearing gravel bed about 12 feet thick was found at a 
depth of 32 feet. This gravel is overlain by quicksand and adobe. 
The water level in the wells stood originally 16 feet below the surface 
of the ground. This well was used extensively for experimental pur 
poses, and later a 12-inch well was put down to the same depth in the 
neighborhood of the 6-inch well. A great many tests of different kinds 
of pumps and engines were made at these wells, and a careful study was 
made of the cost of the recovery of the water, as well as of the amount 
of land in various kinds of crops that could be irrigated with the water 
recovered. A report on this work was published in 1903 by Professors 
Vernon and Lester and issued as a bulletin of the agricultural experi 
ment station at Mesilla Park. As a result of the experiments and of 
the published reports on the wells at the agricultural station, a number 
of pumping plants have been installed during the present season, and 
many more are likely to be established in the near future. For that 
reason it has become important to have accurate information of the 
source of the ground-water supply in this part of the Rio Grande 
Valley and to determine the amount available for suet use.

A reconnaissance near Las Cruces and Mesilla Park indicated that
there is probably no underflow in this valley in the true sense in which
that term is used. The rainfall upon the catchment area northeast of
the valley is very slight and the run-off is correspondingly low* It

22
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does not seem possible that the ground waters which are used for irri 
gation could originate very largely in the rainfall upon the neighbor 
ing mesa and the foothills and upon the slopes of the Organ Mountains

  Test wetl-s
o Pumping plants

FIG. 8. Map showing lines of test wells and location of pumping plants near Las Cruces f.nd Mesilla
Park, N. Mex.

to the northeast. These mountains are very precipitous, and furnish 
in all probability a very small amount of run-off to the ground waters 
of the
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TEST WELLS.

For the purpose of determining the source of the ground waters in 
the Mesilla Valley two lines of test wells were sunk across the valley, 
one at right angles and the other parallel to the general direction of 
the river. These test wells were cased with H-inch pipe and were pro 
vided at the lower end with a common brass jacket we1 ! point. They 
were sunk to such a depth that the strainers would be completely cov 
ered with water at all times.

The plan of the test wells is shown in fig. 8. Across the valley are 
9 wells on the average of one-half a mile apart. The wells were

Gradient of water plane - 4.64 ft per mile

Average gradient of water plane * O.4Oftper mile     *- 60 E.ofN.

____i miles

zo 30 -wfeet

PIG. 9. Position of the water plane September 19,1904, in the two lines of test wells shown in fig. 8.

sunk as far as practicable along the public highways, so as to be readily 
accessible at all times. They were drilled primarily to determine the 
slope of the water plane in the valley and the changes in the position 
of the water plane during fluctuations in the level of the flowing water 
in the Rio Grande. In fig. 9 are shown the results of levels taken on 
both lines of test wells. In the upper part of the diagram is shown 
the position of the water plane September 19, 1904, in the wells of the 
north-south line. The Boyer well, located about 5 miles north of the 
northernmost H-inch test wells, was used as an additk nal test well, so 
as to extend the north-south line for a total distance of nearly 6 miles. 
As will be seen from fig. 9, the gradient of the water plane in the
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direction of the north-south line of test wells averaged 4:. 64 feet per 
mile at the time of the first observation on September 19, If 04. As 
shown on the lower part of tig. 9 the water plane, in an east-we<4 direc 
tion, was nearly horizontal, but near the river it was somewhat higher 
than at the east end of the line of test wells, although the surface slopes 
gently in the opposite direction. A slight elevation in this section is 
seen at station 3. On an average the water plane in the east-west cross 
section slopes about 0.4 foot per mile toward the east end. It is evi 
dent from these cross sections that the ground water must flow in the 
general direction of the river valley. The direction of maximum slope 
of the water plane is shown in fig. 8 by the large arrow. This arrow 
should, therefore, indicate the direction of flow of the ground water. 
The gradient of the water plane of 4.64 feet per mile is very moderate, 
and it is probable that the real velocity of the ground water is low. 
The slight elevation at station 3 indicates that at this point the ground 
water comes to some extent from the north, and does not move from 
east to west. If such an east-west movement took place the motion 
would be uphill for the entire distance from station 1 to station 3.

SOURCE OF THE UNDERFLOW.

When the test wells were sunk it was expected that the position of 
the water plane in the wells would be observed every week until the 
time of high water in the Rio Grande, which would naturally be the 
spring of 1905. The test wells were sunk in cooperation with Prof. 
J. D. Tinsley, of the Agricultural College of New Mexico, who has 
made weekly observations of the height of the water plane in them. 
On October 5,1904, heavy rains in the Rocky Mountains produced very 
disastrous floods in the Rio "Grande and in nearly all the rivers head 
ing in the Colorado Rocky Mountains. In the neighborhood of Las 
Cruces the maximum elevation of the river was higher than had been 
observed at any time in the last ten years. The period of very high 
water, so soon after the completion of the test wells, furnished an 
excellent opportunity of observing the effect of the floods in the Rio 
Graude upon the ground waters of the valley. Instead, therefore, of 
waiting for the spring floods of 1905, it became possible to determine 
immediately the essential facts in regard to the effect of the river 
upon the ground-water level. In PI. IV the ground-water levels 
in the east-west line of test wells are given for each month from Sep 
tember 19 to March 26. The first observation taken on October 1 
shows that the water had risen 0.4 foot since September 1^.< On 
October 9, however, the water at station 8 was 1.6 feet higher than on 
October 1. This was due to the flood of October 5. The flood raised 
the ground water at station 8 about 0.7 of a foot more during the next 
week, but from October 16 to 23 the small rise of 0.1 of a foot indi 
cates that by October 23 the ground-water level at station 8 had tern-
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porarily reached its highest position. Therefore, as a result of the 
flood, the gradient of the water plane immediately adjacent to the 
river, between stations 8 and 7, increased from 0.7 of a foot per mile 
to 2.3 feet per mile. The direction of movement of tl 3 water in the 
gravel was therefore undoubtedly downstream, even during times of 
flood, for while the east-west gradient increased to 2.3 feet to the mile 
in the immediate neighborhood of the river, the origin0,! downstream 
gradient of 4.64 feet to the mile was not materially affected. The test 
wells in the north-south line have not shown a departure of more than 
0.1 of a foot from the original levels on September 19.

The table contains the observations on both sets of test wells until 
March 26,1905. The Rio Grande had water in it continuously daring 
this time. In high stages of the river the water in the welfe still 
further rose, as is shown by the table and tig. 8. Tv e total rise at 
station 8, located 0.4 mile from the river, was substantially 5 feet. 
The effect of the river can be traced at least 2 miles from its east 
bank. The rise at stations 1 and 2 during March, 1905, took place 
after irrigation had begun and is largely due to that cause.

Elevation of ground water, in feet, above datum,® in east-west line of test wells near Mesilla
Parl', N. Mex.

[Feet above datum.]

Date.

1904. 

September 19 .......

October 9. .......... 

October 16..........

October 23...... ....

October 30..........

November 6. ........ 
November 13. .......

November 20. .......

November 27 ........

December 18. .......

1905. 

January 15. .........

February 5 ..........

February 26. ........

March 12 ...........

March 26. ..........

No.l.

22.60

22.61

22.74

22.77

22.77

22.77

22.74

22.77

22.76

22.77

22.69

22.52

22.50 

22. 52

22.98

23.12

Ko.2.

23.03

23.10

23.21 

23.23

23. 23

23.21

23.18 

23. 20

23.16

23.18

23.08

22.96

22.96 

22.96

23.06

23.34

No. 3.

23.45

23. 43

23. 50 

23.48

23. 46

23.42

23. 36 

23. 36

23.32

23.34

23. 27

23.10

23. 05 

23.01

23.01

23.12

No. 4.

23.19

23. 15

23. 15 

23.13

23.13

23.13

23.08 

23.09

23.06

23.03

23.00

22.81

22.79

22.83

22.95

22.98

No. 5.

22.57

22.85

22.85 

22.86

22. 83

22.86

22.84 

22.86

22. 83

22.83

22.84

22 72

22.74 

22.89

23.01

23.04

No. 6.

23.14

23.19

23.19 

23.14

23.12

23.07
23. 0^ 

23.10

23.10

23.11
OQ 97 ~6'""

23. 25

23.48 

23.73

23.82

23.97

No. 7.

23.85

23.16

23.38 

23.59

23.73

23.81

23.94 

24. 05

24.13

24.18

24.41

24.51

24.66 

24.83

25.10

25.37

No. 8.

23.85

24.25

25. 85 

26.18

26.22

26. 28

26.36 

26.38

26.34

26.42

26.59

26.85

26.78 

27.20

28.20

28. 59

a Datum plane 3,800 feet above mean sea level.
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3,824

3,823

3.5

DIAGRAM SHOWING VARIATION IN ELEVATION OF GROUND WATER IN THE EAST-WEST LINE OF 
TEST WELLS FROM SEPTEMBER 20, 1904, TO MARCH 26, 1905.TX_MSJ_002128
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Elevation of ground water, in feet, above datum, <* in north-smith litie of test wells near
Mesilla Part:, N. Hex.

[Feet above datum.]

Date.

1904.

October 1 .................

October 16................

October 23................

October 30... .............

1905.

February 26 ..............

March 12. ................

March 26........... ......

No. 10.

27. 54

27.56

27.68

27.56

27.52

27.40

27.46

27.44

27.43

27.40

27.40

27.25

27.29

27.46

27.59

27.59

No. 11.

25.14

25.12

25.11

25. 14

25.12

25.04

25.07

25.06

25.03

25.03

25.03

24.89

24.91

25.07

25.16

25.19

No. 12.

20.75

20.65

20.71

20.71

20.70

20.63

20.65

20.64

20.63

20.64

20.54

20.54

20.68

20.83

20.84

No. 13.

18.07

18.08

18.16

18.18

18.16

18.08

18.11

18.11

18.10

18.14

18.05

18.18

18.50

18.59

18.58

No. 14.

14.96

14.94

15.01

15.07

15.09

15.04

15.11

15.14

15.16

15.29

15.25

15.29

15.46

15. 59

15.65

"Datum plane 3,800 feet above mean sea level.

The observations of the test wells show that the ground waters in the 
Mesilla Valley originate in the flood waters of the river. Durng times 
of low water the river bed is so thoroughly covered with mud that 
probably only a small amount of water escapes in the sand and gravels 
of the valley. During the period of flood, when the scour is deep, the 
contributions-of the river "to the underflow reach a maximum, as at 
that time the greatest amount of water is available for this purpose.

The observations of the ground-water level indicate also thr-t a small 
portion of the underflow reaches the river valley from the raesa and 
foothills to the north and east of Las Cruces. The changes in the east- 
west line of water levels reached a maximum at the west end rt station 
8, with a secondary maximum at the east end at station 1. The high 
floods in the river were accompanied by rainfall on the mountains and 
mesa to the north and east of Las Cruces, and a sufficient amount of 
water penetrated the ground to cause the elevation of the water plane 
shown at the eastern end of the diagram. It will be observed that the 
total change in elevation at stations 1 and 2 was 0.2 of a 'foot. This 
change took place almost simultaneously with the rise at station 8.
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Nevertheless, a slight indication of a lag in the rise of stations 1 and 2 
can be observed from the diagram. The table on p. 26 gives the ele 
vation of the water in the test wells as observed by Professor Tinsley 
between September 19, 1904, and March 26, 1905.

INDICATIONS OF THE AMOUNT OF GROUND WATER AVAILABLE.

The following table gives the rate at which water was contributed to 
the underflow at Mesilla Park by the river, and also by the rainfall on 
the foothills and mountains northeast of the river valley. The total 
amount contributed by the river during the thirty-three days com 
prised in the period of observation was 8,900,000 cubic feet of water 
for each linear mile of the river valley. Of this amount 5,120,000 
cubic feet, or more than half, was contributed in eight days, between 
October 1 and 9, which include the flood beginning October 5. In 
column 4: of the table is given the rate at which 1 linear mile of the 
river channel furnished water to the underflow, expressed as a contin 
uous flow in cubic feet of water per second. These s'Mne facts are 
expressed in gallons per minute in column 5. The average rate of 
contribution for the 33-day period was 3.03 cubic feet per second, or 
1,360 gallons a minute. If a plant which pumped continuously 1,360 
gallons a minute was installed for each mile of the river valley, all 
the water contributed by the river would be pumped, and the level 
of the ground water at the end of the period would be the same as 
at the beginning. Any greater rate of pumping would have a tend 
ency to lower the water plane below its initial value and make a draft 
upon the permanent supply stored in the gravels.

In columns 6, 7, and 8 is given the amount contributed to the 
underflow by the rainfall upon the mesa, northeast of the valley. 
The total amount contributed during the thirty-three days covered by 
the table was 1,517,000 cubic feet of water per mile of valley an 
average flow of 0.515 cubic foot per second, or 232 gallons a .minute. 
During the last week covered by the table the gravels ne^.r the eastern 
edge of the valley lost water instead of gaining, and the entries in the 
table for this period are negative. A well pump drawir*?1 232 gallons 
of water per minute, if operated continuously during the 33-day period, 
would just consume the seepage from the rainfall contributed by 1 
linear mile of the valley.
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Amount of wetter contribution to the underflow of the Rio G'rande near Mesilln Park, 
. N. Mex. , between September 20 and October 28, 1904.

1.

Dates.

September 20 to 
October 1 .....

October Ito9«.. 

October 9 to 16.. 

October 16 to 23.

Total.....

Average per day.

2.

No. of 
days.

11

8
7 
7

33

Amount of ground water contrib 
uted by each mile of the river.

3,

Cubic feet of 
water per 21 

hours.

110, 500 

640, 000 

248, 000 

117, 200

&8, 900, 000 

270, 000

4.

Cubic feet 
per sec 

ond.

1.28 

7.40 

2.87 

1.36

3.03

5.

Gallons 
per min 

ute.

575 

3, 330 

1,290

745

1,360

Arn'ount of ground water contrib 
uted by rainfall upon mesa east 
of the valley per nile of river 
valley.

6.

Cubic feet of 
water per 24 

hours.

40, 500 

152, 000 

29,'900 

  5, 950

&1, 517, 000

45, 800

7.

Cubic feet 
per sec 

ond.

0.47 

1.76 

.35 

- .069

. 515 .

8.

Gallons 
per 

minute.

211 

794 

155 

- 31

232

a Heavy flood on October 5, 1904.
''Total amount contributed for each mile of the valley in thirty-three days. Converting cubic feet 

into acre-feet we find that the river lost 204 acre-feet of water to the gravels of the underflow in 
\hirty-three days, and 34.8 acre-feet were contributed by the rainfall in the same period. These 
amounts are for each mile of the valley.

NECESSITY FOR DEEP WELLS.

The examination of the underflow of the Mesilla Valley was con 
fined exclusively to the zone of ground waters, in which are all of the 
irrigation wells of the valley. These wells have a depth of from 48 
to 63 feet, and contain no nlore than 12 linear feet of strairer at the 
bottom. In some cases quicksand or "silt was encountered at the bot 
tom of the water-bearing gravels, but in other cases the drill was 
stopped while still in good material. There are no deep wells in the 
valley, but there is no indication that good gravels will not be met with 
at greater depths than those known at present. There seems to be a 
reasonable expectation of increasing enormously the specific capacities 
of the wells, and consequently the amount of ground water available 
for irrigation by drilling wells to greater depths. There is great need 
of an experimental well several hundred feet in depth that will test 
satisfactorily the ultimate possibilities of ground-water supply.
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OBSERVATIONS AT BERINO, N. MEX.

Berino is situated in the Rio Grande Valley 15 miles south of Las 
Cruces. The ground water in this part of the valley lies for the most

376-

"37565

VERTICAL SCALE 

.... 5_______ iofeet

FIG. 10. Cross section of part of Rio Grande Valley at Berino, N. Mex., showing position of the water 
plane on September 16, 1904. Water could not be found in a hole excavated 3£ feet below the level 
of running water at the edge of channel of the Rio Grande.

part within 8 or 9 feet of the surface. There is much "bosque," or 
lowland, which is covered with dense growth of timber, and in which 
the water plane is even nearer the surface.

A line of levels was run across the bottom lands of the valley at 
this point and the wells of the Horace Ranch Company used to deter 
mine the position of the water plane. As shown on fig. 10, the water 
plane is nearly level in section A at right angles to the river valley, 
in which respect the situation at Mesilla Park is practically duplicated. 
A hole excavated to a depth of 3.47 feet below the surface of the 
running water in the river was dry at the bottom. Th Q, water plane 
is therefore some distance below the running water at low stages of 
the river, as at Mesilla Park and at points below El Paso. The losses 
of the river to the sands and gravels of its channel are undoubtedly 
small during low stages of water when the silt is heavily deposited. 
The principal contribution of the river to the underflow must take 
place during flood when the scour is deep.

In addition to the heavy autumn floods described above, very heavy 
floods came down the Rio Grande Valley during the spring of 1905. 
There was a good run of water during the entire winter. On this 
account the ground water at Berino in May, 1905, had risen about 4 
feet above the level shown at the pumping plants in fig. 10.

TX_MSJ_002132



CHAPTER IV.

SUMMARY OF TESTS OF PUMPING PLANTS IN SOUTHERN 
NEW MEXICO AND TRANS-PECOS TEXAS.

The table on pp. 34-35 shows the results of tests of a number of 
pumping plants used for irrigation in the valley of the Rio Grande in 
southern New Mexico and trans-Pecos Texas. Most of the headings 
in the table explain themselves. Under the heading "'Location" is 
given the post-office nearest to the ranch on which the p-imping 
plant is located. The first three pumping plants, those of Felix Mar- 
tinez, W. N. French, and E. J. Hadlock, are located about 3 miles 
east of El Paso, Tex. The plants of J. A. Smith and J. S. Porcher 
are situated in the valley of the Rio Grande about 8 miles east of El 
Paso, Tex. The plants of Barker, Boyer, Burke, Carrera, Hager, 
Hines, Roualt, Totten, and the Agricultural College are located in the 
valley of the Rio Grande in the neighborhood of Las Cruces, 1 T . Mex. 
The pumping plants of the Horaco Ranch Company are located near 
the post-office of Berino, N. Mex., which is situated 24 miles north of 
El Paso and 17 miles south of Las Cruces.

The fuel used in most of these pumping plants is gasoline, which 
term as here used includes the "distillate" manufactured from Texas 
crude oil, which is extensively used for fuel purposes. Its calorific 
value is somewhat less than that of the gasoline used in the Eastern 
States.

DETERMINATION OF VACUUM.

In all of the plants, except the one of E. J. Hadlock, water is raised 
by means of centrifugal pumps, which are usually coupled directly to 
the top of the well casings. In order to determine the suction of the 
pumps it was necessary to drill a hole in the goose neck of the cen 
trifugal pumps and insert the vacuum gage. The measurements to 
determine the distance the pumps were obliged to lift the water were 
made from this vacuum-gage tap as datum in all cases. In Column 6 
is given the distance the pump is required to lift the water above the 
vacuum-gage tap. In column 7 the vacuum reading is given in feet 
of water. The total lift of the pump can, therefore, be found in each 
case by adding the corresponding numbers in columns 6 and 7. In 
column 8 is given the distance that the water in the well is lowered 
during pumping. If the vacuum gage had been placed at the exact

31
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32 GROUND WATERS OF RIO GRANDE VALLFY. [NO. 141.

level of the undisturbed ground water, the readings in column 8 would 
be identical to those in column 7. The numbers in column 8 are less 
than those in column 7, because in all cases the vacuum gage stood 
some distance above the natural level of the water in the well.

The vacuum gage was carefully calibrated against a nrercury column 
at an altitude of 3,720 feet above mean sea level, and the corrected 
readings are tabulated in all cases. In cases in which there were no 

>foot valves in the suction pipe, the depth of the well and the position 
of the water plane could be determined by sounding through the 
quarter-inch hole drilled for the vacuum gage.

SPECIFIC CAPACITY.

The numbers in column 11 express the readiness with which the 
well furnishes water to the pump. In each case the result was 
obtained by dividing the numbers in column 10 by the corresponding 
numbers in column 8; column 11, therefore, expresses the amount of 
water the wells would furnish if the water level in them was lowered 
but one foot. These numbers constitute what is known as the ''spe 
cific capacity " of the well, and are large in case of a good well and 
small in case of a poor well. This subject is more fully discussed in 
Water-Supply Paper No. 140, Chap. VII.

In column 12 are given the same magnitudes as in column 11, reduced 
in each case to 1 square foot of well strainer. The numbers in this 
column, therefore, express the amount of water in gallons per minute 
furnished by 1 square foot of well strainer under a head of 1 foot of 
water. They are a numerical expression of. the degree of coarseness 
of the material in which the well is placed.

COST AND OPERATING EXPENSES.

In column 13 are given the costs of the plants expressed in round 
numbers. They are nearly equivalent in most cases to $100 per horse 
power for the total cost of engine, pump, and wells. In a few special 
cases the cost was higher. In estimating the expense cf operation, an 
allowance of 10 per cent' has been made for the depreciation and 
repairs and of 8 per cent for interest. It is difficult to make an 
accurate estimate of the proportion of cost that should be charged up 
to the water recovered by an irrigation plant, on account of the pres 
ence of several unknown factors. If the plants were in operation 
every day in the year it would be relatively easy to make an 
accurate estimate of these factors in the operating expense. As it is, 
the plants are in operation for a longer or shorter period, depending 
on circumstances which vary from 3^ear to year. Most of the plants 
are used merely as auxiliaries to the supply of ditch water. In mak 
ing the estimate of the charge for interest and depreciation it has been 
assumed that the plants are in operation for two thousand hours each
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SLIGHTER.] TESJS OF PUMPING PLANTS. 33

season. This corresponds to a continuous use of three months of 
twenty-four hours daily, or two hundred days of ten hours each. It 
probably represents a fair average of the actual conditions.

In column 15 there is given a charge for labor and such other inci 
dental expense including oil and batteries as is not properly included 
under the head of depreciation. The operation of the gasoline plants 
can be easily put in charge of unskilled labor, and for the smaller 
plants full time is not required of such labor.

FUEL COST.

That part of the operating expenses which is properly chargeable 
to fuel cost can be accurately determined. Column 16 expresses the 
cost for fuel per hour. Column 18 expresses the cost per acre-foot of 
water recovered. In column 17 are given the costs of fuel for lifting 
1,000 gallons of water through a distance of 1 foot. For the purpose 
of comparison these results are expressed in fractional parts of a cent.

In column 5 is given the price of fuel. The price of gasoline is given 
in cents per gallon in barrel lots. The price of electricity is given in 
cents per kilowatt hour. Cost of wood at the ranch of T. Roualt is 
that of cottonwood per cord. The price of wood at the Agricultural 
College of $2.25 per cord is the rate for small Tornillo wood, which 
has a higher calorific value than the cottonwood used by Roualt. 

IRK 141 05  3

TX_MSJ_002135



34 GROUND WATERS OF RIO GRANDE VALLEY. [NO. 141.

O k»

O

I'll

S

1

|| jj
oS**"1 fe
^» CH

» a
^ o3

"8 .

'I*
P-i

Fuel use<

d; f-<

si

1
s

s
Name of pi

S lo

rH ~'fi rH 
 ?

CO 

O CO

co

* r» 00 
**< CO

CO
,J rH

^ 01

O

*" 1O

   fc
* ^ CD

810 E

i
 

4 Electricity

o
44 rH

;

o
DU

.03 
P-l

:

' :

i Felix Martinez.

o
Ol

o
Ol

Ol

o

o
CO

1C
CO

CO 
rH

1T>
o
oo
rH

1C
CO
Ol

*t

c
oc

c

c

1

o o
00 '"h

Cft t-
rH 1C

CO CO10 co
Ol OS

O O
CO t-

t- CO 
Ol CO

CO HH
O Ol

CO CD

8 g
Ol Ol 
Ol Ol

o o
Ol O

1C -P

-t* CO

!
 

Q

1O CO

;
 
 

;

;

o o

:

,_;
o44 ^

o
M .-sll

O 001 o
co 01
CD CO

1O OO 
Ol 1Oco co
T-T

iC t-
 H^ GO

^ co

§ , Oi 
1C'

Ol Ol

O t-
rH O

co co
Ol Ol

1C O

1C Ol

HH ^

,'

   
Gasoline. . 

.....do ...

Ol iC

1 '

1 ]

i i

! !

o o

  '

01 :
d ;

'a ^

i-j t-i

CO O 
CO CO

ic co co

rH CO 
CO 1O 
rH CD

CO Oic co

i§ ?

% s
Ol rH

O O-n t--
iCi Ol 
Ol Ol

oo o
i  I co
O 1--

t~ 1--

! '.
   

O 0

iC Ol

1 1

1 i
af '

r^i - °O 7-

5 i
   

s
rM I-H& s
PQ f4 
O g

1C O 
1- CD

rH -P
co t^

1O CO 
Ol ^ 
t^ CO

1C lO
«t CO

O CO
H^ Ol

1O CO
CO HH

Ol CO 
Ol

o o
CD Ol

Ol rH

lO 1O
CO CD

 * 01

t^ l^

;
  '

c o

rH 00

:!

^ ^

'S 'So
0^ ^

1
!

sCD

s o

co 01
Ol Cft
Ol rH

1C rH
01 t-
co 01

!>. 1O

HH CO
co co

O CO 
Ol O

rH rH

8 8
rH rH

t-- 1C
rH O

t- Cft

^ t.

J
 

% -§

01 oo

i I

; ;

\ti
0 £

1 m 
', ®

  ;

; ;

   ' 
Ol OD
66 <B

a|

S o CD
CD O
rH Ol

lO CD

CO 1C
rH CO

-t1 CO 
CO Tt*

co o .co ic
co 01
Ol Ol

1O -«ti

10 co 
Ol Ol

CD lO
CO Oi

CO CD

§ t~ 
rH

Ol

.'

 
Wood .... Gasoline..

o oo

i
 

|

<D |

ti ®

oT

EH of
Q 3

 

!

a
3 -<-> -^

l  H Q

3 E"1
° uJ

P3 PH 

H O

S
cc 
cc

1
I  '

Jg
g
t>-
cc
I-H

^
r-

c
t^-

IC
^

Wood ....

c

!
 

£

(£
0^

i
|
r
6
1

o oo

8

CO
oo

CO

co
Ol

lO

co
rH

CO 
rH

rH

rH

O5

I-

,'

'

Gasoline..

01

o

a
a P

Horaco Ranch C 

No. I.

2 %
CO O

rH O

CO co 
Ol CO

1O Ol
co co

-ti 1C
CO iC
co co
Ol rH

Cft CO

-ti O

CD CD 
CO 1C

O '-t

rH rH

!

'

O O

01 03

)

'

;

;

!

O 0

I 1
Horaco Ranch C 

No. 2.

Horaco Ranch C 

No. 3.

TX_MSJ_002136



P
ri

nc
ip

al
 d

at
a 

de
ri

ve
d 

fr
om

 te
st

s 
of

 B
io

 G
ra

nd
e 

pu
m

pi
ng

 p
la

n
ts

 C
on

ti
nu

ed
.

N
am

e 
of

 p
la

nt
.

1 

F
el

ix
 M

ar
ti

ne
z 
..

..
..

..
..

W
. 

N
. 
F

re
n
c
h
..
..
..
..
..
.

E
. 

J.
 H

ad
lo

ck
..
. .

..
..

..
.

J.
 A

. 
S

m
it

h 
N

o.
 1

..
. 
..
..

J.
 A

. 
S

m
it

h 
N

o.
 2

..
..

..
.

J.
 S

. P
o
rc

h
e
r.

..
..
..
..
..
.

F.
 C

. 
B

a
rk

e
r.

..
..

..
..

..
.

M
rs

. 
E

. 
M

. 
B

ov
er

. .
..
..
.

F
. 

B
u
rk

e
..
..
..
..
..
..
..
.

J.
 C

. 
C

ar
re

ra
. .

..
..
..
..
..

W
.N

. 
H

ag
er

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

T
. 

E
ou

al
t.

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

G
.H

.T
o
tt

en
. :

..
..

..
'.
..

.
A

gr
ic

ul
tu

ra
l 

C
ol

le
ge

 ..
..

.
H

or
ac

o 
R

an
ch

 C
om

pa
ny

N
o.

 1
. 

H
or

ac
o 

R
an

ch
 C

om
pa

ny
N

o.
 2

. 
H

or
ac

o 
R

an
ch

 C
om

pa
ny

N
o.

 3
.

L
oc

at
io

n.

2

E
l 

Pa
so

, 
T

ex
. .

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

..
..
.d

o
..
..
..
..
..
..
..
..
..
..
.

..
..
.d

o
..
..
..
..
..
..
..
..
..
..
.

..
..
.d

o
..
..
..
. 
..
..
..
..
..
..
..

..
..
.d

o
..
..
..
..
..
..
..
..
..
..
.

..
..
.d

o
..
..
..
..
..
..
..
..
..
..
.

..
..
.d

o
..
..
..
..
..
..
..
..
..
..
.

M
es

ill
a,

 N
. 

M
ex

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

M
es

ill
a 

P
ar

k,
 N

. 
M

ex
. .

..
..
.

..
..
.d

o
..
..
..
..
..
..
..
..
..
..
.

M
es

ill
a,

 N
. 

M
e
x
..
..
..
..
..
..

L
as

 G
ra

ce
s,

 N
. 

M
ex

. .
 .
..

..
..

M
es

ill
a,

 N
. 

M
e
x
..
..
..
..
..
..

B
er

in
oj

 N
. 

M
ex

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

..
..
.d

o
..
..
..
..
..
..
..
..
..
..
.

..
..
.d

o
..
..
..
..
..
..
..
..
..
..
.

H
or

se
 

po
w

er
.

3 10 8 K
l

28 22 15 5 12 21 8 12 8 10 28 20 12 12 12

Fu
el

 u
se

d.

4

E
le

ct
ri

ci
ty

..
..

.

..
..
.d

o
 .

..
..
..
.

G
as

o
li

n
e.

..
..
. .

..
..
.d

o
 .

..
..
..
.

..
..
.d

o
 .
..
..
..
.

..
..
.d

o
 .

..
..
..
.

..
..
.d

o
 .

..
..
..
.

..
..
.d

o
 .

..
..
..
.

..
..
.d

o
 .

..
..
..
.

..
..
.d

o
 .

..
..
..
.

W
o
o
d
..

..
..

..
.

W
o

o
d

..
..

..
..

.
G

as
o
li

n
e.

..
..
..

..
..

.d
o

..
..

..
..

..
..
.d

o
 .

..
..

..
.

Sp
ec

ifi
c 

ca
pa

ci
ty

 
pe

r 
sq

ua
re

 
to

ot
 

st
ra

in
er

.

12
G

al
s, 

pe
r 

m
in

. 
1.

21

1.
37 .7
92

1.
01

1.
37

1.
28 33

7
1.

96
9

.9
30

3.
53

0
.7

60
1.

79
0

.6
2

.7
60

2.
32

1.
69

0

.1
73

.8
92

C
os

t o
f 

pl
an

t.

13

$1
, 2

00 80
0

80
0

3,
00

0
2,

20
0

1,
50

0
1,

20
0

1,
20

0
1,

80
0

90
0

1,
20

0
80

0
1,

20
0

2,
00

0
1,

60
0

99
2

99
2

99
2

In
te

re
st

 
an

d 
de

 
pr

ec
ia

 
tio

n.

14
P

er
 h

ou
r.

 
$0

. 
10

8

.0
72

.0
72

.2
70

.1
98

.1
35

.1
08

.1
08

.1
62

.0
81

.1
08

.0
72

.1
08

.1
80

.1
44

.0
90

.0
00

.0
90

L
ab

or
 

an
d 

ot
he

r 
co

st
.

15
Pe

r 
ho

ur
. 

$0
. 0

50

.1
20

.1
40

.1
80

.1
50

.1
50

.1
20

.1
50

.1
50

.1
20

.1
50

.1
20

.1
80

.1
50

.2
00

.0
90

.0
90

.0
90

Fu
el

 
co

st
 p

er
 

ho
ur

.

16

$0
. 2

43
.1

12
.0

74
.0

97
5

.3
5

.2
1

.0
9

.1
63

.3
4

.1
77

.3
1

.2
55

.2
23

.3
7

.5
2

.1
6

.2
04

.1
6

Fu
el

 
co

st
 

1,
00

0 
fo

ot
-g

al
 

lo
ns

.

17

Ce
nt

s.

*V A A rf
r

A J* D
 

/ 

1 9*8 A i A ^
3

3
-
 

A /
I

o 
-±

 -

^ \ irV

Fu
el

 
co

st
 p

er
 

ac
re

- 
fo

ot
.

18

O
D

O
 

J
O

9
 

O
«

1 
£,& .7
0

1.
43

1.
73

3.
73

1.
34

2
 

*!
*>

1.
48

5
.1

4
K 

in

3.
47

4.
34

9 
83

1.
04

5.
 S

O

1.
16

T
ot

al
 

co
st

 p
er

 
ac

ie
- 

fo
ot

.

19 $5
.7

5
6.

13
6.

02
0
1
7

2.
79

4.
10

i 
q 

o
n

Q
 

J
.7

4.
87

3.
16

Q 
57

' 
8.

95

7.
91

8.
19

4.
70

2.
21

10
.9

0

2.
46

C
O

TX_MSJ_002137



86 GROUND WATERS OF RIO GRANDE VALLEY. [NO. HI. 

COMMENTS ON THE RIO GRANDE PUMPING PLANTS.

The pumping plants of Martlnez, French, Hadlock, Smith, and 
Porcher are all located in the bottom lands of the Kio Grande, from 3 
to 8 miles east of El Paso, Tex. Column 12 of the table shows that 
the specific capacity per square foot of well strainer is nearly the same 
at the plants of Martinez, French, Smith No. 2, and Porcher, ranging 
from between 1.21 gallons a minute at Martinez's well to 1.37 gallons 
at French's well. These numbers, it should be remembered, repre 
sent the amount of water furnished by each square foot of well strainer 
for 1 foot head of water, and express, therefore, the degree of coarseness 
of the material in which the strainer is placed, provided, of course, that 
the well strainers themselves offer little or no resistance to the admission 
of water to the well. The specific capacity per square foot of strainer 
at the Smith plant No. 1 and at the Hadlock plant is much smaller 
than at the others. In the case of the Hadlock well, the low specific 
capacity is no doubt due to the fact that three of the Hadlock wells 
obtain water from above a clay which overlies the sand and gravel from 
which the fourth well and the neighboring wells of Martinez and French 
draw their supply. Furthermore, the strainers on the three Hadlock 
wells consist of nothing but common pipe perforated with round holes. 
This poor form of strainer is sufficient in itself to cut down very 
materially the specific capacity of the wells.

The low specific capacity at Smith's plant No. 1 is probably due 
chiefly to a local deposit of fine-sized water-bearing sard. There is no 
covering layer of clay over the water-bearing sands and gravels at 
these wells. The sands contain so little coarse material that fine sand 
is constantly being drawn into the wells by the pumps. This draft on 
the sand deposit at the easternmost of the three wells at Smith's plant' 
No. 1 is so great that several wagon loads of gravel have been placed 
in the pit of the east well to replace the sand removed by the pumps.

The tests of the 9 wells in Rio Grande Valley near Las Cruces, 
N. Mex., form an interesting study. The relative locations of these 
9 wells are shown in fig. 8. The rank of these wells in order of specific 
capacities per square foot of well strainer is as follows:

Specific capacity, in gallons per minute, of wells near Las Crucez, N. Mex., per square foot
of strainer.

Gals, per min. 
Carrera........ ................................... J ...................... 3.530
Agricultural College ^.. .................................................. Z.^Q
Mrs. Boyer .............................................................. 1.969
Hines ................................................................... 1. 790
Burke................................................................... .930
Hager ................................................................... .760
Totten................................................................... .760
Roualt .................................................................. .627
Barker .................................................................. .337
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The first three of these wells are located near the eastern edge of 
the river valley, and their high specific capacity is undoubtedly due 
to coarse mountain debris that has been deposited along the eroded 
edge of the mesa. The high specific capacity at Hines's plant seems to 
be an exception to the general lower average prevailing in tl Q- inter 
mediate district between the border of the mesa and the river channel, 
as at the plants of Hager, Totten, Burke, and Barker. The low spe 
cific capacity of the Barker .well is due in part to its small diameter, 
and it is to be classed, therefore, with the Burke, Totten, anc* Hager 
wells rather than with the Roualt well. This last well is elope to the 
river channel. Its low specific capacity is an indication of the pro 
gressive fineness of the deposits as the river is approached.

The specific capacities should be considered exceptionally high in 
the first wells in the above list, rather than exceptionally lov in the 
others. Even the specific capacity of the Roualt well over one-third 
of a gallon a minute per square foot of well strainer would be 
regarded as high in many parts of the country.

The specific capacity of the three wells on the Horace ranch near 
Berino, N. Mex., present an interesting study. These plants are located 
but a few hundred feet apart and are identical in all respects except in 
the depth of the wells. Nos. 2 and 3 are 9f inches in diameter, and No. 1 
is 71 inches in diameter. Each has 18 linear feet of well strainer at 
the bottom, formed by drilling 1^-inch holes in the casing and wrap- 

. ping the casing with No. 9 galvanized iron wire, leaving on Q,-eighth 
inch space between. The enormous difference in the specific capaci 
ties of these wells is entirely due to the fact that No. 1 is 75 fe<?t deep, 
No. 2 is 53 feet deep, and No. 3 is 62 feet deep. The small expense 
necessary to sink well No. 2 from a depth of 53 feet to a depfh of 75 
feet should change the cost of the water recovered from $10.90 per 
acre-foot to $2.21 per acre-foot.

Most of the pumping plants near Las Cruces have been very recently 
constructed, and changes will undoubtedly be made in many of them 
as the result of the experience of the present irrigation season. The 
wells at the Agricultural College were the first ones sunk in this part 
of the valley, and an excellent report on the tests of these y^ells, by 
Professors Vernon and Lester, was issued in April, 1903. The very 
high specific capacity of the college wells has influenced the construction 
of the other plants. With a few exceptions, it may be said that at the 
pumping plants in Mesilla Valley the engines and pumps are entirely 
too large for the wells, or the wells are too small for the pumps and 
engines. By comparing the high lifts recorded in column nin°, of the 
table with the amount of lowering of the water in the well, which is 
recorded in column eight, it will be seen that the lift of many of the 
plants can be considerably decreased by increasing the amount of 
strainer surface in the wells. In most cases this will make necessary
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the sinking of additional wells, as the strainer surface can not be 
otherwise sufficiently increased. The necessity of keeping the lift of 
the pump down to a minimum is greatly emphasized in irrigation 
plants, and large strainer surface is the first requisite.

The efficiency of the smaller plants can also be increased by the 
construction of storage reservoirs or ponds for the accumulation of 
water before it is used for irrigation. In this way the duty of the 
water can be considerably increased. Barker's plant is the only one 
having such reservoirs. For plants that yield over a second-foot of 
water the reservoir is undoubtedly of little additional value.

The investigation showed that generally the speed of the centrifugal 
pumps had not been properly adjusted, and in nearly all cases was too 
high. This was undoubtedly due to the fact that the vacuum had 
never been determined, so that the total lift of the pumps was 
unknown. A table of observed and of correct speeds follows:

Sizes and speeds (in revolutions per minute) of centrifugal pumps used in tlte Rio Grcmde
pumping plants.

Name of plant.

Smith No. 1 .........

Smith No. 2.........

Barker .............

Mrs. Boyer .........

Burke ..............

Totten .............

Horaco No. 1 ........

Horaco No. 2. .......

Horaco No. 3. .......

Kind of pump.

Byron Jackson No. 3. ................

Byron Jackson No. 5... ..............

Byron Jackson No. 5 .................

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

VanWieNo. 3................. .....

Byron Jackson No. 6..... ............

Byron Jackson No. 5.................

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

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

Actual 
speed.

1,028

938

585

712

1,110

730

733

560

668

594

525

692

695

700

692

Correct 
speed.

565

890

592

629

1,244

665
585
527
619
558

606
513

624

598
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CHAPTER V.

DETAILS OF TESTS OF PUMPING PLANTS.

The following pages contain detailed accounts with diagrams of the 
various pumping- plants discussed in general terms in the preceding 
chapter of this report. The location of the various plants is marked 
in figs. 4: and 8.

PLANTS NEAR -EL PASO, TEX. 

PLANT OF E. J. HADLOCK.

The plant of E. J. Hacllock is located near the main country road 
near El Paso, Tex., about 400 feet east of the pumping plant of Felix 
Martinez. Water is pumped by a 5^-horsepower horizontal Otto gas 
oline engine geared to a horizontal double-acting piston pump. The 
wells consist of four 4-inch wells, arranged as shown in figs. U and 12. 
Three of the wells, Nos. 1, 2, and 3 in fig-. 10, draw surface water from

f
1

nmp

IfljIP

jiLj Well A/a/
\£ Vj\ 6" casing
-i..[tf 1

tVe//A/o^

!

a WellNo.3 if]
4"casing 1  1

_  -  "

WetlNo.4

FIG. 11. Plan showing arrangement of wells at Hadlock'o pumping plant.

above a clay stratum. The fourth well, which is 54.35 feet deep and 
penetrates the surface water and clay, obtains very good water from 
a deposit of sand and gravel feelow the clay.

Wells Nos. 1, 2, and 3 are about 30 feet deep. Each of these has 6 
feet of perforated iron pipe on the bottom, while well No. 4 has a 
6-foot strainer constructed of perforated galvanized iron. During the 
test the engine made 210 revolutions and 81 explosions per minute. 
The pump made 69 strokes per minute. The vacuum gage attached 
to the suction pipe fluctuated very erratically, showing that tl a- pump

39
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valves were badly worn. One end of the pump seemed to be working 
very well and showed a vacuum of 22 inches, which is equivalent, 
when corrected for altitude, to 20 inches of mercury or 22.6 feet of 
water. The lift of the pump above the vacuum gage was 5 2 feet 
making a total lift of 27.8 feet. The distance from th* vacuum-gage 
tap to the water plane was 9.75 feet. The water in the well was 
lowered 13.03 feet during pumping.

The discharge of the pump was determined by mems of a fully 
contracted weir, which was placed in the main irrigating ditch. The 
width of the crest was 1.01 feet, height of water on the crest was (1.313 
feet, and the discharge was 258 gallons per minute. The pump cylin 
ders were 9^ by 14 inches. With the speed noted above the pump 
should discharge, if no allowance be made for slip, 5'>7 gallons per 
minute. It is seen that the slip of the pump was 49 per cent, which 
shows that the valves at one end of the pump were doing practically 
no work at all.

Fr\ 12. Elevation of wells at Hadlock's pumping plant near El Paso, Tex.

At well No. 4 the elevation above mean sea level of the water plane 
on August 29, 1904, was 3,642.08 feet, that of the top of tee on casing 
of this well and of the vacuum-gage tap was 3,651.652 feet, and that 
of the surface was 3,656 feet.

From the discharge (258 gallons per minute) and th<3 amount that 
the water level in the well was lowered during pumping (13.03 feet), 
it is estimated that the specific capacity of the group of four wells is 
19.8 gallons per minute. As the combined area of well-strainer sur 
face in all of the wells is 25 square feet, the specific capacity per square 
foot of strainer is 0.792 gallons per minute.

At the time of the test, on August 16, 1904, the Hadlock pumping 
plant had been in continuous operation day and night for several
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months. The quantity of gasoline used was determined from the 
amount required to fill the tank to standard depth after one hour's 
run. As 2.1 quarts of gasoline were consumed per hour, the hourly 
cost for fuel, with gasoline at 14 cents per gallon, is $0.0735. The 
yield of water in one hour was 15,500 gallons, so that the fuel cost 
was $0.00475 per 1,000 gallons, $1.58 per acre-foot, and $0.000171, or 
one fifty-eighth of a cent per 1,000 foot-gallons (1,000 gallons raised 
one foot).

PLANT ,OF W. N. FRENCH.

At the pumping plant of W. N. French (see fig. 13) water is obtained 
from an 8-inch well, 66 feet deep, which has a 7-inch by 8-foot per 
forated galvanized iron strainer at the bottom. The water is raised 
by a No. 4 Byron Jackson horizontal-shaft centrifugal pump driven 
by a 10-horsepower Charter gasoline engine. The engine made 189 
revolutions and 95 explosions a minute, no explosions being missed. 
The diameter of the driven pulley on the pump was 6 inches; tb-rt of the 
driving pulley on the engine was 30 inches. The speed of t^e pump 
was 938 revolutions a minute. The top of flange on the well casing is 
12.65 feet below the top of the 5-inch discharge pipe, which rises from 
the pump at an angle of 45°. Before pumping, the water stood 4.7 
feet below top of flange on the well casing. After one-half hour's 
pumping it was 18.05 feet below top of flange, showing that it was 
lowered 13.35 feet by pumping. The lift of the pump above the top 
flange of the well was 12.65 feet, making a total lift of 30.70 feet. The 
elevation of the water plane in the French well on August 29, 1904, 
was 3,642.969 feet; on September 8, after several days of rain, it was 
3,643.07 feet. Between August 29 and September 8 it rained every 
day, and the neighboring pumping plant of Mr. Hadlock had not been 
in use. The elevation of the top of the delivery pipe at the French well 
was 3,658.884 feet.

The discharge was measured both by integrating with a Price 
acoustic current meter in a rectangular flume and by means of a fully 
contracted weir placed in the main ditch not far from the pumping 
plant. The cross section selected for the meter measurement had an 
average depth of 0.857 foot, an average width of 0.885 foot, and an 
area of 0.76 square foot. The average velocity of the water was 0.82 
foot per second, giving a discharge of 0.596 second-foot, or 269 gal 
lons, per minute.

The same discharge was also measured by a fully contracted weir. 
The length of the crest was 1.01 feet and the height of the v^ater on 
the crest was 0.30 foot. The velocity of approach was about one- 
half foot per second. Using the weir formula,

q=c.
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and substituting the coefficient 0.608 for the number c in the formula 
(Table 23, Merriman's Hydraulics, 1903) we obtain,

r/=0.608 X f X 8.025 X 1.01 (3.06)% 
=0.555 second-foot 
=250 gallons per minute.

Elev. 3658.884'

 *. 10 H. Rgasoline engine

FIG. 13. Diagram of pumping plant of W. N. French, near El Paso, Tex.

The discharge as determined by the current meter hrs been used in 
the following estimates:
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The specific capacity of the well is 20.2 gallons a minute. As the 
strainer has an area of 14.7 square feet, the specific capacity for each 
square foot of strainer is 1.375 gallons per minute.

In the French test 8 gallons of gasoline were used in te*i hours. 
With gasoline at 14 cents per gallon the cost of fuel is 11.2 cents per 
hour. As 16,150 gallons of water were obtained in one hour the fuel 
cost per 1,000 gallons was $0.00695, or $2.26 per acre-foot. The total 
lift being 30.7 feet the cost per 1,000 foot-gallons was $0.000226, or 
one forty-fourth of a cent.

PLANT OF FELIX MARTINEZ.

The plant of Felix Martinez is located about 3 miles ea^t of the 
court-house of El Paso, Tex., near the main country road (see fig. 4). 
It consists of a No. 5 Byron Jackson horizontal-shaft centrifugal 
pump run by General Electric I0-horsepower direct-current motor, 
type C. E., class 4. The pump is located in a pit and is connected to a 
6-inch well. The well is 68 feet deep and has 10 feet of perforated or 
slotted galvanized iron strainer at the bottom. The gravels, which 
were reached at a depth of 56 feet ai»e fairly large, but contain a great 
quantity of fine sand. The pump is connected with the well by a 5-inch 
suction pipe and discharges through a vertical and horizontal 5-inch 
pipe into a rectangular flume. The discharge was measured by inte 
grating with a Price acoustic current meter in the rectangulr.r flume. 
The cross section of flume where measurements were taken had an aver 
age depth of 0.475 foot, an average width of 0.992 foot, and an area of 
0.470 foot. The mean velocity was 1.78 feet per second, giving a total 
discharge of 0.838 cubic foot per second, or 378 gallons per minute.

The vacuum gage was attached to the goose neck of the centrifugal 
pump. After a few minutes pumping the vacuum was 18 inches, but 
it gradually fell to 24^ inches at the close of the first half hour, where 
it remained constant during the next hour. The vacuum, when cor 
rected for altitude, is equivalent to 22.5 inches of mercury, or 25.5 
feet of water.

On August 29,1904, the elevation above sea level of the water plane 
was 3,643.13 feet; that of the vacuum-gage tap was 3,646.47 feet, 
and that of the top of discharge pipe was 3,659.90 feet. As the water 
level in the well was lowered 22.15 feet by pumping, the total lift was, 
therefore, 38.93 feet. The specific capacity of the well is 17.5 gallons 
per minute. As the area of the well strainer is 14.4 square feet, the 
specific capacity for each square foot of well screen was 1.27 gallons 
per minute.

The amount of electric current used during the pumping was 
determined by means of a Westinghouse watt meter. The current 
used in one hour's test (average speed of motor 1,485 revo^tions a
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minute) was 4,950 watts. Speed of the pump was 1,028 revolutions 
a minute. The diameters of the pulleys are as follows: Pulley on 
motor, Ti inches; driven pulley on countershaft, 24 inches; driving 
rmlley on countershaft, 14 inches; pulley on pump shaft, 6 inches.

10 H. P. e/ectrtc motor

Water p/ane 
£/er. 3,643. /3 on /Tug. 29. /9O4

PIG. 14. Diagram of pumping plant of Felix Martinez, near El Paso, Tex.

The power actually used at the plant is the equivalent of 4,950 watts, 
or 6.64 horsepower. The power represented by the discharge of 0.838 
second-feet of water lifted 38.93 feet is equivalent to 2,030 foot-
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pounds per second, which is equal to 3.7 effective horsepower. If 
the applied horsepower, 6.64, is compared with the effective horse 
power, 3.7, the total efficiency of the plant is found to be 55.5 per cent. 
The duty of the plant can be found by comparing 4,950 v^atts, the 
electrical energy consumed in one hour, with 655,200 foot-gallons, 
the work done by the pump in one hour. The resulting duty is 
132,400 foot-gallons of water per kilowatt hour of electric current.

PLANTS OF J. A. SMITH.

The plants of J. A. Smith are located 8 miles east of El Paso, 
Tex., near the right of way of the Southern Pacific Railroad. There

FIG. 15. Diagram of J. A. Smith's pumping plant No. 1, near El Paso, Tex,

are two pumping plants on the sanie ranch. At the first or older 
plant there are three wells, 40 feet apart, in a row. The pump pit is 
over the middle well, which is 8 inches in diameter and 62 feet deep, 
measured from the surface. Fine sand and quicksand were passed 
through to a depth of 50 feet, then 12 feet of coarse gravel containing 
much fine material was encountered. A 10-foot slotted galvanized- 
iron strainer of the Porcher pattern was placed at the bottom of this 
well. The east well is 6 inches in diameter and 73 feet de?p. The 
gravel at this point is 22 feet deep. A 16-foot Porcher strrlner was 
used. . The west well is 6 inches in diameter and 61 feet deep. The 
gravel was 11 feet deep, and a 10-foot Porcher strainer was used.. All

TX_MSJ_002147



46 GROUKD WATERS OF RIO GRANDE VALLEY. [NO. 141.

of the strainers have T3ff by li inch slots or perforations. The hori 
zontal 8-inch suction pipe, which extends from the central well to 
the east and west wells, is 14 feet below the surface.

The water is pumped by a No. 6 Fairbanks-Morse horizontal-shaft 
centrifugal pump, connected with rope drive to a 28-hoivepower gaso 
line engine, with crude-oil gas generator attached. The fact that the 
engine is supplied with gas generated from Texas crude petroleum 
renders this plant of especial interest. For the amount of water 
obtained the fuel cost is the lowest I have seen recorded for a small 
plant. The attached gas generator has been in operation several 
months, running continuously day and night, except when stopped for 
cleaning each week or two. When the generator is kex)t clean there 
is little trouble from carbon passing from the generator into the cylin 
der of the engine and cutting out the cylinder and packing. This 
plant is a decided success, as the further account to be gi^en will show. 
The engine made 159 and the pump 544 revolutions per minute.

The discharge was measured by integrating with a Price acoustic 
current meter in a rectangular flume. The selected cross section had 
an average depth of 0.53 foot, an average width of 1.87 feet, and an 
effective area of 0.992 square foot. The average velocity was 2.085 
feet per second, giving a discharge of 2.075 second-fee*, or 934 gal 
lons per minute. This measurement of discharge was made after 
three months of continuous pumping day and night. The elevation 
of the vacuum-gage tap, which was 0.917 foot above th°> top of hori 
zontal suction pipe, was 3,631.06 feet; that of the water plane on Sep 
tember 8, 1904, was 3,624.60 feet, and that of the middle of the 8-inch 
opening in the tee in the side of vertical discharge pipe, from which 
the water enters a horizontal wooden flume, was 3,645.06 feet. The 
vacuum read 22 inches, which, when corrected for altitude, is equiva 
lent to 20 inches of mercury, or 22.7 feet of water. The total lift is, 
therefore, 36.7 feet. The water is lowered in the wells 16.24 feet by 
pumping, which gives a specific capacity for the three wells of 57.4 
gallons per minute. As the total area of the strainers in all o"f the 
wells is 56.7 square feet, the specific capacity for each square foot of 
strainer is 1.01 gallons per minute.

Several accurate tests have been made of the amount of fuel con 
sumed at this plant. One test was made by the manufacturers of the 
gas generator, and consequently the consumption of crude oil appears 
at a minimum. This test lasted seventy-four hours and fifteen minutes. 
The amount of crude oil consumed was 241 gallons, or 3.24 gallons per 
hour. With oil at 3 cents per gallon, the cost of fuel will be $2.34 per 
day of twenty-four hours. The cost of water was, therefore, If mills, 
or ten fifty-sevenths of a cent per 1,000'gallons, or 57 cents per acre- 
foot. The lift being 36.7 feet, the cost of 1,000 foot-gallons was one 
two hundred and tenth of a cent.
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Another experimental test of the plant was made when the engine 
was in charge of the regular help employed on the ranch. No effort 
was made to save oil or make a record, everything being managed 
exactly as it was during several months of pumping for irrigation. 
The test was for forty and one-half hours, extending over four con 
secutive days of about ten working hours each. The amount of crude 
oil used was 163.5 gallons, or 97 gallons per twenty-four hours, or 
4.03 gallons per hour. This represents, therefore, the actual rate at 
which oil was consumed during the irrigation season. The cost of 
fuel is $2.90 per twenty-four hours, 12 cents per hour, ten forty-sixths 
of a cent per 1,000 gallons, and one one hundred and seventy-first of 
a cent per 1,000 foot-gallons.

The cost of the water at the same plant, when pumped with gaso 
line, was also determined. In a test of eleven hours' run with same 
engine, Using gasoline instead of crude oil gas, 40 gallons of gasoline 
were consumed, or 3.64 gallons per hour. At 14 cents per gallon, the 
hourly cost for gasoline was $0.51. This makes the fuel cost of water 
$0.0092 per 1,000 gallons and $0.000236, or one forty-second of a cent 
per 1,000 foofc-gallons.

The above estimates do not represent, of course, the total cost of 
pumping, as no items have been included to cover interest, deprecia 
tion, labor, etc.

The 934 gallons per minute furnished by the above plant rmounts 
to a little over 2 second-feet, or 4 feef per twenty-four hours. The 
cost of fuel per acre-foot of water was, therefore, 70 cents when using 
crude oil and $2.95 when using gasoline costing 14 cents a gallon.

J. A. Smith's pumping plant No. 2 is about 1,000 feet north of plant 
No. 1, which is on the. same ranch. There are two 8-inch v^ells, 40 
feet apart, in an east-west line. Each one is 60 feet deep and is 
equipped with 12 feet of Porcher slotted galvanized iron strainer. 
The gravel bed is 12 feet thick and is overlain by a thick deposit of 
clay and hardpan. A No. 7 vertical shaft Byron Jackson centrifugal 
,pump is connected to an 8-inch horizontal suction pipe that is 12.25 
feet below surface. The pump is 7 feet from the east well anc1 33 feet 
from the west well. It was driven at a speed of 585 revolutions per 
minute by a 22-horsepower Fairbanks-Morse gasoline engine. The 
engine made 195 revolutions per minute, the engine being belted to 
the pump shaft from 36-inch driving pulley to 12-inch driven pulley. 
The vacuum shown at center of the suction pipe was 25 inches, or 23 
inches of mercury when corrected for altitude, corresponding to 26.1 
feet of water. The vacuum-gage tap is 14.85 feet below the kro of the 
discharge pipe, above which the discharge jet rises 0.6 foot, so that the 
total lift is 41.45 feet. A vertical 10-inch pipe delivers the water into 
a nearly horizontal rectangular flume in which the discharge was ineas-
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ured by integrating with a Price acoustic current meter. The dis 
charge was determined to be 2.945 second-feet, or 1,325 gallons, per 
minute. As the water in the wells was lowered 21 feet below the

33 H.R gasoline engine.

FIG. 16. Diagram of J. A. Smith's pumping plant No. 2, near EJ Paso, Tex.

normal water plane by the pumps, the specific capacity of the two 
wells was 63.2 gallons per minute, or since the total strainer surface 
is 46 square feet, 1.37 gallons per minute for each square foot of 
strainer.
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The expense of pumping at this plant can readily be estimated as 
far as the cost of fuel is concerned. The engine, as run in th e above 
test, consumed per hour 2.5 gallons of gasoline or distillate, costing 14 
cents per gallon. The fuel cost is, therefore, 35 cents per hour, 0.44 
cent per 1,000 gallons, $0.000106, or one ninety-fourth of a C3nt, per 
1,000 foot-gallons, and $1.43 per acre-foot.

PLANT OF J. 8. POECHER.

This pumping plant is located on the ranch of J. S. Porcher, in the 
Rio Grande Valley, about 8 miles east of El Paso, Tex., and about 
1,000 feet east of J. A. Smith's first wells. Water is obtained from 
a well 8J inches in diameter and 60 feet deep. The water-bearing 
gravel has a thickness of 12^ feet and lies below a layer of quicksand. 
There is a 12-foot slotted galvanized iron strainer at the bottom of the 
well. Mr. Porcher first used this type of strainer in the Rio Grande 
Valley. At the present time this form of strainer is universally used, 
and is known as'the "Porcher" strainer (see PI. II, B). Y^ater is 
raised by a No. 5 Byron Jackson horizontal-shaft centrifugal pump 
driven by a 15-horsepower Columbus gasoline engine. The engine 
made 212 revolutions and 75 explosions per minute. The diameter of 
driving pulley was 30 inches and that of driven pulley 8 inches. The 
pump made 712 revolutions per minute. The water is discharged 
through an 8-inch vertical pipe into a rectangular wooden flume. The 
discharge from this rectangular flume was measured by integrating 
with a Price acoustic current meter. The selected cross section had 
an average depth of j). 1792 foot, a width of 1.92 feet, and an area of 
0.344 square foot. The current meter showed that the average velocity 
was 4.245 feet per second, which gives a discharge of 1.46 second-feet, 
or 658 gallons per minute. The vacuum gage read 22.4 inches, which, 
when corrected for altitude, is equivalent to 20.4 inches of mercury, 
or 23.07 feet of water. The elevation of the ground water at the well 
on September 5, 1904, was 3,627.59 feet and that of the vacuum-gage 
tap was 3,630.07 feet, so that the water in the well was lowered 20.59 
feet by pumping. As the vacuum-gage tap is 12.8 feet below the top 
of the discharge pipe the total lift is 35.87 feet.

Since the water level in the well was lowered 20.59 feet, the specific 
capacity of the well is estimated to be 32 gallons per minute, or 1.28 
gallons per minute for each square foot of strainer.

The amount of gasoline used in running the engine was determined 
in two test runs. During the first test the consumption of gasoline 
from 6 a. m. to 4 p. m. was ascertained by measurements in the gaso 
line reservoir. In the ten hours' test there was used 14.3 gallons, or 
1.43 gallons per hour. In the second test Mr. Porcher determined the 
time necessary to consume 5 gallons of gasoline in the engine. At 6.30 
a. m. on the day of the test 5 gallons of gasoline were placed in tt e empty 
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gasoline reservoir. All the gasoline had been used up by 10.20 a. m., 
so that the consumption was 5 gallons in 3.83 hours, cr 1.31 gallons 
per hour. As the engine was run with considerable care during these

/5 H Pgaso//ne engine

Wooden ffumtf

Water plane Aon/ /&04; e/ev. 3.628. ffs

FIG. 17. Diagram of pumping plant of J. S. Porcher, near El Paso, Tex.

tests, it is probable that the consumption of gasoline normally runs as 
high as 15 gallons for ten hours. The hourly cost for fuel, with gaso 
line at 14 cents per gallon, was 21 cents. As 39,500 gallons of water
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were. obtained in one hour, the cost was $0.00531 per 1,000 gallons, 
$1.73 per acre-foot, and $0.0001, or one sixty-seventh of a cent, per 
1,000 foot-gallons.

A 4i-aere field of alfalfa can be irrigated with the pump in from 
fourteen to nineteen hours. After a rain it was irrigated in fourteen 
hours, but sixteen hours usually are required. A number of irrigations 
of the same field have varied from sixteen to eighteen hours each. 
This field was irrigated every seven days, and the crop taken off at the' 
end of the fourth week, so there were three irrigations to a crop.  

With gasoline, or distillate, at 14 cents per gallon, or $2.36 per acre, 
per crop of alfalfa (three irrigations), the crop cut from the field 
averaged fully a ton to an acre, and at the selling price of $12 to 
$14 per ton, the irrigation with the pump could be carried on at a good 
profit. If the selling price had been as low as $7 per ton there would 
be no profit in the-irrigation of alfalfa by pumping.

TESTS OF PUMPING PLANTS IN MESILLA VALLEY, NEW MEXICO. 

PLANT OF F. C. BARKER.

This plant is located on the ranch of Mr. F. C. Barker, about 1 mile 
south of Las Cruces, N. Mex. The pumping plant is used to irrigate 
about 20 acres of .garden truck. Water is obtained from a 6-inch 
well, 48 feet deep, containing 12 feet of slotted galvanized-iron 
strainer at the bottom. The water is raised by a No. 3 Byron Jackson 
horizontal-shaft centrifugal pump, driven by a 5-horsepo\rer Otto 
gasoline engine. The engine is belted directly to the pump from a 20- 
inch driving pulley to a 6-inch driven pulley. The engine made 334 
revolutions and from 92 to 97 explosions per minute. The speed of 
the pump was 1,110 revolutions per minute.

The vacuum-gage tap was 2.92 feet above the water plane in Sep 
tember, 1904, and 17.73 feet below the center of 3-inch horizontal dis 
charge pipe. The lift of the pump above the vacuum-gage tap when 
discharging into the first of two irrigation reservoirs is 17.73 feet.

The lift above the vacuum-gage tap when discharging into the sec 
ond irrigation reservoir was 20.18 feet. The vacuum gage re?d 24.50, 
which, when corrected for altitude, is equivalent to 22.50 inches of 
mercury, or 25.4 feet of water. This makes the total lift when filling 
the second reservoir 45.58 feet.

The discharge of the pump was ascertained by determining, ty means 
of a stop watch, the time required to fill a tank holding 47.6 gallons. 
As the tank was filled in 21.8 seconds, the discharge of the pump is 
0.291 second-foot, or 131 gallons per minute. As the water level in 
the well is lowered 22.48 feet during pumping, the specific capacity 
of the well must be 5.83 gallon per minute, or 0.337 gallons per minute 
for each square foot of strainer.
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This pumping plant is unusually well constructed. Tl °, machinery 
is well housed, and there are two concrete-lined reservoirs for storing

' FIG. 18. Diagram of pumping plant of P. C. Barker, near Las Cruces, N. Mex.

water for irrigation. It takes the pump eight hours to f 11 a reservoir, 
which is emptied in about an hour's irrigation. The cort of the plant 
complete was $1,200.
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The amount of gasoline used was not accurately determined, but it 
hardly exceeded one-half gallon per hour when the engine was develop 
ing about its full horsepower. With gasoline at 17 cents a gallon, the 
fuel cost may safely be put at 9 cents an hour. On this basis the fuel 
cost of water was $0.0115 per 1,000 gallons, $3.73 per acre-foot, and 
$0.000252, or one-fortieth of a cent per 1,000 foot-gallons.

PLANT OF J. 0^ CARRERA.

This plant is located on the ranch of J. C. Can-era, about half way 
between Las Cruces and Mesilla Park, N. Mex., near the east or upper 
highway between the Agricultural College and Las Cruces. The well 
is 6 inches in diameter and 58 feet deep, and is equipped with a slotted 
galvanized-iron strainer 5i inches in diameter by 15 feet long. The 
water is recovered by a No. 5 Byron Jackson horizontal-sh^ft centrif 
ugal pump, driven by an 8-horsepower Fairbanks-Mort-e gasoline 
engine. The engine ran at a speed of 234 revolutions a minute, miss 
ing no explosions. The pump was driven at a speed of 560 revolutions 
a minute by direct belting to engine from 20-inch driving pulley to 
8-inch driven pulley.

The vacuum-gage tap was 12.65 feet below the center of the 5f-inch 
horizontal discharge pipe and 5.72 feet above the water, which, when 
the well was first dug, three years before the test, was 2,7 feet higher 
than at present. The vacuum gage read 14.5 inches, which gives, after 
correction for altitude, 12.5 inches of mercury or 14.2 feet of water. 
The total lift was therefore 26.85 feet. The discharge of the pump 
was 1.44 second-feet or 648 gallons a minute. The water in the well 
was lowered only 8.48 feet, so that the specific capacity of the well is 
76.4 gallons per minute, or 3.53 gallons per minute for e^ch square 
foot of well strainer.

Twelve gallons of gasoline were used for eleven hours'1 rur\ including 
the amount consumed by igniting torch. With gasoline at 17 cents 
per gallon, the fuel cost of water is I7f cents an hour, 0.456 cents per 
1,000 gallons, $1.48 per acre-foot, and $0.017 or one fifty-ninth of a 
cent per 1,000 foot-gallons.

PLANT OF FRANK BURKE NEAR MESILLA, N. MEX.

This plant is located on the ranch of Frank Burke, about one-half of 
a mile south of Mesilla Park, N. Mex. Water is obtained from a 12- 
inch well, 52 feet deep, containing 11^ feet of slotted galvanized-iron 
strainer at the bottom. The well passes through 8 feet of soil and 
sand, 14 feet of'quicksand with small pebbles, and 38 feet of sand and 
gravel of maximum size 3 inches. The water is recovered by a No. 6 
Byron Jackson horizontal-shaft centrifugal pump, driven by a 21- 
horsepower Otto gasoline engine. The engine is belted to a pump
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shaft from 40-inch driving pulley on engine, thence to a 20-inch driven 
pulley on countershaft, thence from 16-inch driving pulley on counter 
shaft to 10-inch driven pulley on pump shaft. The sp3ed of pump

8 H. P gasoline engine
20 "driving pulley 
8" driven "

5% discharge pipe

_i ! _L t_ -   - -^=Water£lane_Sept.,l904          

FIG. 19. Diagram, of pumping plant of J. 0. Carrera, near Las Cruces, N. Mex.

during the test was 733 revolutions per minute, and cf the engine 
240 revolutions per minute.

The vacuum gage was placed in the goose neck of tte pump, and 
the tap was 14.85 feet below the center of the horizontal discharge
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pipe. The vacuum gage read 25.25 inches, which, when corrected for 
altitude, is equivalent to 23.25 inches of mercury, or 25.6 feet of 
water. The total lift of the pump was, therefore, 40.45 feet.

8 "discharge

<Q" 
^ !P

If
& V

21HP gaso/ine engine 

40"pu//ey.

FIG. 20. Diagram of pumping plant of Frank Burke, near Mesilla Park, N. Mex.

The discharge of the pump was determined by integrating with a 
Price acoustic-current meter in a rectangular fl ume through which the
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water was led after it had passed into the main ditch. The area of the 
water at the selected cross section was 0.383 square foot, and the mean 
velocity was 4.21 feet per second, making the discharge 1.61 second 
feet, or 725 gallons per minute. The level of the water in the well 
was lowered 22.85 feet by pumping, whence it is concluded that the 
specific capacity of the well is 25.4 gallons per minute, or 0.934 gal 
lon per minute for each square foot of strainer.

This plant had been run for very short periods and no conclusive esti 
mate of the amount of gasoline consumed can be made. During the test 
the engine was not run at its full capacity. The gasoline tank was so 
constructed that an accurate measurement could not b? made. The 
amount of gasoline consumed, however, did not vary greatly from 2 
gallons an hour. With gasoline at 17 cents per gallon, the fuel cost 
of water was 34 cents per hour, $0.0078 per 1,000 gallons, $2.52 per 
acre-foot, and $0.000193, or one fifty-second of a cent per 1,000 foot- 
gallons.

PLANT OF MES. E. M. BOYER.

The plant of Mrs. E. M. Boyer is located about one-fourth of a mile 
north of the railroad station at Las Cruces, N. Mex-. Water is obtained 
from a well 52 feet deep cased with 6-inch standard pipe. The well 
is equipped with a slotted galvanized iron Porcher strainer 5i inches 
diameter and 12 feet in length. The slots are three-sixteenths by 1^ 
inches. The well driller reports the following log of the well: 18 
inches of soil; dry sand to 20 feet; quicksand below tbjh, changing to 
coarse gravel and bowlders containing sand, in which the strainer was 
left. The pumps threw a good heavy stream of water as soon as 
started, only a few bushels of sand being drawn through the strainer.

Water is recovered by means of a No. 5 Byron Jackson horizontal- 
shaft centrifugal pump, driven by a 12-horsepower Olds gasoline 
engine. The engine is directly belted to a pump from 30-inch driving 
pulley to 8-inch driven pulley. The engine made 208 revolutions and 
93 explosions per minute. The speed of the pump was 728 revolu 
tions per minute. The vacuum gage during pumping stood at 22 
inches, which, corrected for altitude, is equivalent to 20 inches of 
mercury, or 22.7 feet of water. On September 19, 1904, the water 
plane stood 2.94 feet below the vacuum-gage tap, or 3,836.867 feet 
above mean sea level. The vacuum-gage tap was 14.3 feet below the 
surface and 17.6 feet below the center of the 6-inch horizontal dis 
charge pipe. The discharge of the pump was 1.46 second-feet, or 658 
gallons per minute. The total lift of the pump was 40.3 feet, and 
the water level in the well was lowered 19.76 feet during pumping. 
The specific capacity of the well is thus 33.3 gallons per minute, or 
1.969 gallons per minute for each square foot of strainer.

A fifty-hour test of this pumping plant was run by F. H. Bascom, of
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Las Cruces, who reports that 48 gallons of gasoline were consumed 
during that time. With gasoline at 17 cents a gallon the fuel cost of

/2 H.P.gasoline engine

3O driving pulley
Q"drf\/en " 6"discfiarge pi'pe

FIG. 21. Diagram of pumping plant of Mrs. E. M. Boyer, near Las Cruces, N. JTsx.

water would be 16.3 cents an hour, 0.412 cents per 1,000 gallons, $1.34 
per acre-foot, and $0.000102, or one ninety-eighth of a cent per 1,000 
foot-gallons.
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PLANT OF W. N. HAGER.

This pumping plant is located on the ranch of W. N. Hager, about 
one-half mile west of the railroad station at Mesilla Park, N. Mex.

12 H. p. gaso/i'ne engine

FIG. 22.- -Diagram of pumping plant of W. N. Hager, near Mesilla Par'*:, N. Mex.

Water is obtained from a 10-inch well, 63 feet deep, containing a 
12-foot, slotted, galvanized-iron Porcher strainer, 9f inches in diam-
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eter. The pumping is done by a No. 5 Byron Jackson horizontal- 
shaft, centrifugal pump, directly connected to the 10-inch well casing. 
The pump is driven by a 12-horsepower Weber gasoline engine, power 
being transmitted by a belt from 24-inch driving pulley to 18-inch 
pulleys on countershaft, thence to 8-inch driven pulley on puirp shaft.

At the time of the test the engine made 243 revolutions and 76 
explosions per minute. The speed of the pump was 668 revolutions a 
minute. The pump discharges through, a Tf-inch vertical discharge 
pipe into a rectangular wooden flume. The discharge was measured 
by integrating in this flume with a Price acoustic current meter. The 
width of flume was 1.63 feet. At the selected cross section the water 
had an average depth of 0.308 feet and an average velocity of 1.171 
feet per second. The total discharge was therefore 0.590 second-feet, 
or 325 gallons a minute. An attempt was made to catch the water in 
a tub holding 15.9 gallons. The time required to fill the tub was 
determined by a stop watch, but as the water had to be diverted into 
the tub'by closing a gate at the end of the rectangular flume, the 
results are not satisfactory. The average time required to fill the tub 
in seven trials was 4.3 seconds, indicating a discharge of only 209 gal 
lons a minute. This result is known to be valueless, but it illustrates 
the impracticability of measuring such a discharge by means of a small 
tub, unless the tub can be placed directly under the discharging stream 
of water without the necessity of diverting the water to one side.

The vacuum-gage tap was 16.27 feet below the surface, ard 16.84 
feet below the top of the 7f-inch discharge pipe. The water jet is 
0.33 feet above the mouth of the discharge pipe. The vacuum gage 
read 17.5 inches, or 15.5 inches of mercury, when corrected for altitude. 
This is equivalent to 17.6 feet of water, making total lift cf pump 
34.77 feet. The vacuum-gage tap was 2.405 feet above the water 
plane, so that the water in well was lowered 15.2 feet during pumping. 
The specific capacity of the well is therefore 22.5 gallons per minute, 
or 0.76 gallons per minute for each square foot of well strainer.

The amount of gasoline used was determined by measurement in a 
round tank 1.87 feet in diameter. In one hour a depth of 0.09 feet 
of gasoline was consumed, or 1.84 gallons. With gasoline at 17 cents 
per gallon, the fuel cost of water was 31 cents per hour, 1.6-cents per 
1,000 gallons, and $5.14 per acre-foot. The lift being 34.77 feet, the 
cost of fuel for 1,000 foot-gallons was $0.00046, or one twenty-second 
of a cent.

PLANT OF A. L. HINES.

This plant is located on the ranch of Dr. A. L. Hines, about 1 mile 
north of east from the old village of Mesilla. Water is obtained from 
a well 5f inches in diameter and 59 feet deep. The log of this well 
showed 8 feet of soil, 11 feet of dry sand, 28 feet of quicksand, and 12
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feet of gravel on top of quicksand of unknown thickness. The water 
is recovered by a No. 4 Rumsey horizontal-shaft centrifugal pump, 
which is driven by an 8-horsepower vertical gasoline engine placed on

FIG. 23. Diagram of pumping plant of A. L. Hines, near Mesilla, N. Mex.

sills extending across the top of the well pit. The engine was manu 
factured by the Chicago Gas Engine Company. It is directly belted 
to pump shaft from a 24-inch driving pulley and 9-incb driven pulley.
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The engine made 238 revolutions and 119 explosions per minute. 
The speed of the pump was 594 revolutions per minute.

The water plane was 2.92 feet below the vacuum-gage tap in goose 
neck of pump on September 15, 190-1, and 2.23 feet below on June 1, 
1901; the water plane had fallen, therefore, in this interval about 8^ 
inches. The pumping plant had been in use only twenty days during 
the summer. The vacuum-gage tap was 19.05 feet below the center 
of the horizontal 5f-inch discharge pipe. The vacuum gage read 17 
inches, which, corrected for altitude, is equivalent to 15 inches of mer 
cury, or 17 feet of water. The total lift of the pump was, therefore, 
36.05 feet.

The discharge was measured with great precision by determining 
with a stop watch the time required to fill a wrought-iron rectangular 
tank. The water was conducted across the tank by means of ar extra 
piece of iron pipe until the pumping plant had been in operation for 
some time, when the extra pipe was suddenly pulled off. Th^ tank 
held 15.08 cubic feet and was filled in 30.6 seconds. The discharge 
was, therefore, 0.492 second-foot, or 271 gallons per minute.

An excellent opportunity was offered for testing the accuracy of 
estimating the discharge from partly filled pipes by determining the 
mean velocity of the stream by a small current meter. Only 44.3 per 
cent of the cross section of the 5f-inch discharge pipe was filled by the 
water raised by the pump. The area of the cross section was1 0.076 
square foot, and the velocity of the water, as given by the current 
meter, was 8.47 feet per second. The discharge was, therefore, 0.642 
second-foot, or 290 gallons per minute. The true discharge was 271 
gallons per minute, showing an error of 5.3 per cent in the meter 
determination.

The water in the well was lowered 14.08 feet during pumping; there 
fore, the specific capacity of the well was 19.2 gallons per minute. As 
the area of the well strainer was 11.3 square feet, the specific cr.pacity 
per square foot of well strainer was 1.79 gallons per minute.

At this plant 1.5 gallons of gasoline were used per hour. This is 
at least 50 per cent more than should have been used. With gasoline 
at 17 cents a gallon, the hourly cost of fuel was 25i cents. As the 
yield was 16,250 gallons of water an hour, the fuel cost was fO.0157 
per 1,000 gallons, $5.10 per acre-foot, and $0.000435, or one t^enty- 
third of a cent per 1,000 foot-gallons.

PLANT OF THEODORE EOTJALT.

This plant is on the ranch of Theodore Roualt, about 3 miles north 
west of Las Crupes, N. Mex. Water is obtained from a 10-inch well 
48 feet deep that contains 10 feet of 9f-inch slotted galvanized-iron 
strainer. It is raised by a No. 3 Van Wie vertical-shaft cent"ifugal 
pump, driven by a 10 horsepower Nagle steam engine, on 18-horsepower
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horizontal wood-burning boiler. The engine is directly belted to the 
pump shaft from a 30-inch driving pulley to a 12-inch driven pulley.

10H.P. steam engine

Wooden flume

sssssssssssm^wsms^
i i J1
! *l ! <e|

30.' . ..  
driving pulley

driven

^ p^$s§^^5^$s^^^^^^^s^^^

FIG. 24. Diagram of pumping plant of Theodore Roualt, near Las Crudes, N. Mex.

The water is discharged through an 8-inch vertical pipe into a 
rectangular flume. 

The engine made 205 and the pump 525 revolution per minute.
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A. DISCHARGE FROM WELL NO. 1, HORACO RANCH COMPANY.

B. PUMPING PLANT OF T. ROUALT,
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The steam pressure varied between 81 and 83 pounds. The
gage tap was 3.64 feet above the water plane, 7.96 feet below the top
of bottom plank of flume, and 8.66 feet below the top of water jet.

The vacuum gage read 24.25 inches, which is equivalent, when cor 
rected for altitude, to 22.25 inches of mercury, or 25.5 feet of water, 
making the total lift 34.16 feet. The discharge was measured by inte 
grating with a Price acoustic current meter in the rectangular flume. 
The selected cross section had a width of 1.19 feet, an average depth 
of 0.35 foot, and an area of 0.417 square foot. As the average velocity 
was 1.867 feet per second, the discharge was 0.78 second-foot or 351 
gallons per minute. From this it is estimated that the specific capacity 
of the well is 16 gallons per minute, or 0.627 gallon per minute for 
each square foot of strainer.

The cost of fuel used for pumping can be readily estimated from care 
ful tests by Mr. Roualt. For one irrigation of a 70-acre field of toma 
toes the pump was run twenty-eight days of twenty-four hours, and 
75 cords of cottonwood, costing $2 per cord, were consumed. During 
the twenty-eight days of twenty-four working hours each 14,150,000 
gallons, or 43.5 acre-feet, of water were pumped. The total cost of 
wood being $120, the fuel cost of water was 1.06 cents per 1,000 gal 
lons, $3.45 per acre-foot, and $0.00031, or about one thirty-second of 
a cent, per 1,000 foot-gallons.

PLANT OF G. H. TOTTEN.

This plant is located on the ranch of G. H. Totten, about one-half of 
a mile west of the old village of Mesilla, N. Mex. Water is obtained 
from a 10-inch well, 62 f ejst deep, that contains Hi feet of 9-inch slot 
ted galvanized-iron strainer. It is raised by a No. 6 Byron Jackson 
horizontal-shaft centrifugal pump, driven by a 28-horsepower Ohio 
gasoline engine. The engine is belted from a 36-inch driving pulley 
to a 16-inch pulley on countershaft; thence from a 15-inch pulley on 
countershaft to a 10-inch pulley on pump. The engine made 205 rev 
olutions and an average of 78 explosions per minute. The speed of 
the pump was 692 revolutions a minute.^

The water is delivered through an 8-inch vertical discharge pipe into 
a horizontal rectangular wooden flume. The vacuum-gage tap on 
pump was 3.9 feet above the water plane, 16.83 feet below top of dis 
charge pipe, and 16.95 feet below top of water jet. The vacuum gage 
read 25.25 inches, which is equivalent, after correction for altitude, 
to 23.25 inches of murcury, or 26.4 feet of water. The total lift is, 
therefore, 43.35 feet.

The discharge was measured by integrating with a Price acoustic 
current meter in rectangular flume. The selected cross section had a 
width of 1.83 feet, an average depth of 0.38 foot, and an effective area
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of 0.695 square foot. The mean velocity of the water was 1.482 feet 
per second, giving a total discharge of 1.03 second-feet, or 464 gallons 
per minute.

Wooden flume
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PIG. 25. Diagram of pumping plant of G. H. Totten, near Mesiila, N. Mex.

The water in the well was lowered 22.5 feet during pumping, from 
which the specific capacity of the well is estimated to be 20.6 gallons 
a minute, or 0.76 gallon per minute for each square foot of strainer.
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The discharge was also determined from the dimensions of the para 
bola of flow as the water left the flume. The end of the flume was 
almost exactly level and the water fell freely for a sufficient distance 
to permit the determination of the dimensions of the parabola of the 
fall. This is shown in fig. 26. The water had an average depth of 
0.171 foot at the end of flume, and in a total fall of 2.05 fee* moved 
forward 1.285 feet. According to the laws of falling bodies, a body 
falls 2.05 feet in 0.356 second.. If the water advances 1.285 feet in 
0.356 second, its mean velocity per second would be 1.285 divided by 
0.356, or 3.6 feet. The area of the stream is 0.171 by 1.83, or 0.313 
square foot. This gives a total discharge of 1.13 second-feet, or 507 
gallons per minute. These results are undoubtedly slightly too large.

The pumping plant had been used but a short time, and no experi 
mental run had been made to determine the quantity of gasoline 
required. As the gasoline tank was situated so that without a consid-

teas   H

FIG. 26. Parabola of discharge from flume at Totten's well.

erable expenditure of time it was impracticable to ascertain the amount 
of gasoline used, no determination was made during the test, How 
ever, it was estimated that the 28-horsepower engine gave 22 effective 
horsepower. It may therefore be safely assumed that about 2.2 gal 
lons of gasoline were used per hour. If this amount were u^ed, and 
gasoline costs 17 cents per gallon, the fuel cost of water would be 37 
cents an hour, $0.0133 per 1,000 gallons, $4.34 per acre-foot, and 
$0.000307, or about one thirty-third of a cent per 1,000 foot-gf lions.

PLANT AT AC4RICULTURAL COLLEGE.

This plant consists of a 12-inch and a 6-inch well locatet1 on the 
experimental farm of the New Mexico Agricultural College. A com 
plete test of this plant was not made, as the work with these wells is 
frequently reported upon by members of the faculty of the Agricul- 

IRR 141 05  5
TX_MSJ_002168



66 GROUND WATERS OF RIO GRANDE VALLFY. [NO. 141.

tural College. Only sufficient tests were made to determine the specific 
capacity of the large well in order to make comparisons possible with 
the other pumping plants in the valley. At the time of the test a

SOH P. stesm engine

FIG. 27. Diagram of Agricultural College 12-inch well, Mesilla Park, N. Mex.

No. 6 Fairbanks-Morse centrifugal pump was in use, but the pumps 
are frequently changed for experimental purposes. The pump is 
speeded so as to discharge 1,000 gallons a minute at the measuring
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weir, in order that a known amount of water may be -provided for the 
experimental plats of ground.

At the time of the test there was in use a 30-horsepower steam 
engine, which has ample power to drive pumps placed on bcth wells. 
When both wells are used, about 1,800 gallons per minute can be 
obtained.

On August 25, 1904, the vacuum gage read ] 3 inches, which, cor 
rected for altitude, is equivalent to 11 inches of mercury, or 12.45 
feet of water. The lift above the vacuum-gage tap was 17.10 feet, 
making the total lift 29.55 feet. The water level in the well was 
lowered 11.37 feet by pumping, from which the specific capacity of 
the well is computed to be 88 gallons per minute. As the well strainer 
is 12 inches in diameter, 12 feet long, and 27.6 square feet in area, the 
specific capacity per square foot of strainer is 2.32 gallons per minute.

The cost of fuel per acre-foot, as given in the table on p. 35, is 
taken from the bulletin issued by Professors Vernon and Lester in 
1903. These results were obtained with a 20-horsepower steam engine 
formerly used. These results are included in the table for the pur 
pose of comparison with the results at other plants.

TESTS OF PUMPING PLANTS NEAR'BERING,vN. MEX. 

PLANTS OF HORACO EANCH COMPANY.

The Horace Ranch Company has three plants in an east-west line on 
a ranch just west of Berino, N. Mex. The east well is No. 3, the 
middle well is No. 1, and the west well is No. 2.

Well No. 3 is 62 feet deep. It is cased with 9f-inch pipe and con 
tains 18 feet of strainer made of 9f-inch casing drilled with forty li-

'will No3

'-  --2*?'--~______ We'lN^__^376>

PiG. 28. Plan of pumping plants of the Horace Ranch Company, Berino, N. M<?x.

inch holes to every linear foot of strainer and wound with Fo. 9 gal- 
vanized-iron wire wrapped so as to leave horizontal slots one-eighth 
of an inch in width. This strainer is locally known as the "Mott" 
strainer.

Water is obtained by means of a No. 5 Byron Jackson hcvizontal- 
shaft centrifugal pump, driven by a 12-horsepower Weber gasoline 
engine. The water is discharged through a 7-inch pipe, wHch rises
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at an angle of 45° from the pump in the well pit. The engine made 
244 revolutions and 97 explosions per minute. The pump made 692 
revolutions a minute, and was belted directly to the engine from a

f  5 06'-,

12 H P gasof/ne engine

FIG. 29. Diagram of pumping plant No. 3, Horace Ranch Compgny.

24-inch driving pulley to a 7-inch driven pulley. On P^ptember 11, 
1904, the water plane was 2.25 feet below the vacuum-gage tap. 
which was 11.56 feet below the end of the discharge, pipe. The
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vacuum gage read, after one hour's pumping, 19.8, which, when cor 
rected for altitude, is equivalent to 17.8 inches of mercury, or 20.8 
feet of water. The total lift of the pump was, therefore, 32.36 feet.

The discharge was measured by holding a small Price acoustic 
current meter in the mouth of the 7-inch discharge pipe. It was 1.71 
second-feet, or 750 gallons a minute.

As determined by Mr. E. L. Houck, principal owner of tbo Horaco 
ranch, a barrel of 50 gallons of gasoline was consumed by the engine 
at well No. 3 in fifty-three hours. With gasoline at 17 cents per 
gallon the fuel cost of water was 16 cents an hour, or $0.00356 per 
1,000 gallons, or $1.16 per acre-foot. Since the total lift of the pump 
is 31.76 feet, the cost of fuel for 1,000 foot-gallons is $0.000112, or 
one eighty-ninth of a cent. The consumption of gasoline at the time 
of the test was measured by noting the changing level of the gasoline 
in a cylindrical tank 1.85 feet in diameter. The change of level in 
one hour was 0.0867 foot. This is equivalent to 1.76 gallons' an hour. 
On this basis the fuel cost of water was $2.23 per acre-foot, and 
$0.000314, or one forty-seventh of a cent per 1,000 foot-gallons.

Well No. 1 of the Horaco Ranch Company is 376 feet west from 
well No. 3. It is 75 feet deep, is cased with 7f-inch pipe, and equip 
ped with 18 feet of Mott strainer. Water is delivered through a 71- 
inch vertical pipe opening into a horizontal wooden flume. It is raised 
by a No. 5 Byron Jackson horizontal-shaft centrifugal pump, driven 
by a 12-horsepower Weber gasoline engine. The engine made 238 
revolutions and 106 explosions a minute. The pump made 815 revo 
lutions a minute and was belted directly to the engine from a 24-inch 
driving pulley to a 7-inch driven pulley.

The vacuum-gage tap was 0.43 foot above the water plane on Sep 
tember 11, 1904. It was 7.1 feet below the surface and 8.95 feet 
below the end of vertical discharge pipe. As the water jet rose 
0.762 foot above the end of the discharge, the total lift s.bove the 
vacuum-gage tap was 9.71 feet. The vacuum gage read 14.5, which,
corrected for altitude, is equivalent to
14.18 feet of water. The total lift of the pump was, therefore, 23.89 
feet.

The discharge was measured by integrating with a Price acoustic 
current meter in the rectangular flume. The selected cross section had 
an average depth of 0.278 foot, an average width of 1.42 feet, and an 
area of 0.395 square foot. The average velocity of the vrater was
4.707 feet per second, giving a discharg

12.5 inches of mercury, or

of 1.86 second-feet, or 837
gallons per minute.

The area of the well strainer is 36 squar j feet. The water level in the 
well was lowered 13.75 feet during pun; ping, and therefore the spe 
cific capacity of the well is 60.8 gallons p vr minute, or 1.69 gallons per 
minute for each square foot of strainer.
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Although the amount of water obtained at well No. 1 is very much 
greater than at well No. 3, the cost for fuel is substantially the same. 
The consumption of gasoline is slightly less than 1.2 gallons an hour. 
With gasoline at 17 cents a gallon, the hourly cost is 20 cents. The

IS H Pgasoline eng/'ne Wooden f/ume

FIG. 30. Diagram of pumping plant No. 1, Horace Ranch Compaq.

amount of water obtained being 837 gallons a minute, or 50,220 gallons 
an hour, the fuel cost was $0.004 per 1,000 gallons, or $1.30 per acre- 
foot. The lift at well No. 1 being 23.89 feet, the cost of fuel for each 
1,000 foot-gallons was $0.000167,-or one-sixtieth of a cent;
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Well No. 2 of the Horaco Ranch Company is 376 feet wes*. of'well 
No. 1. It is 53 feet deep, is cased with 9f-inch pipe, and is equipped 
with 18 feet of Mott strainer at the bottom. Water is raised by a No. 
5 Byron Jackson horizontal-shaft centrifugal pump, driven by a

/2 H.I? gasoline engine "£? g Wooden flume

FIG. 31. Diagram of pumping plant No. 2, Horace Ranch Company.

12-horsepower Weber gasoline engine. It is taken from the well 
through a 7-inch suction and discharged through a 7-inch vertical 
pipe into a horizontal flume. The engine made 239 revolutions and
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103 explosions a minute. It was belted directly to the pump shaft 
from a 24-inch driving pulley to a 7-inch driven pulley. The speed 
of the pump was 700 revolutions a minute.

The vacuum-gage tap placed in the goose neck of the pump was 1.26 
feet above the water plane and 10.02 feet below the top of the vertical 
discharge pipe. As the wTater jet rose 0.34 foot above the discharge 
pipe, the total lift of the pump above the vacuum-gage tap was 10.36 
feet. The vacuum gage read 24 inches, which, corrected for altitude, 
is equivalent to 22 inches of mercury, or 24.9 feet of water. The 
total lift of the pump was therefore 35.26 feet.

The discharge was measured by integrating with a Price acoustic 
current meter in the rectangular flume. The selected cross section 
had an average depth of 0.251 foot, a width of 1.44 feet, and an area 
of 0.362 square foot. The mean velocity was 1.172 feet per second, 
which gives a total discharge of 0.425 second-foot, or 191 gallons per 
minute.

The water in the well was lowered 23.64 feet by pumping. This 
makes the specific capacity of the well 8.1 gallons per minute, or 0.178 
gallon per minute for each square foot of strainer.

The consumption of gasoline by the engine at well No. 2 is known 
by comparison with that at well No. 3. Although tH amount of 
water pumped is very much less than at well No. 3, the consumption 
of gasoline is as great, and even slightly greater, say 1.2 gallons an 
hour. With gasoline at 17 cents per gallon the hourly cost of fuel is 
20.4 cents. The fuel cost of water is then 1.78 cents per 1,000 gallons, 
$0.000505, or one-twentieth of a cent per 1,000 foot-gallons, and $5.80 
per acre-foot.

Mr. Houck gives the combined cost of the three pumping plants on 
the Horace ranch as follows:

Cost of pumping plants on Horaco ranch.

Three 12-horsepower Weber gasoline engines, three No. 5 Byron Jackson 
pumps with piping, belting, etc., all in place......................... $2,100.00

Wells at $2.50 per foot. ............................................. 475.00
Well pits, buildings, flumes, etc., extra................................ 400.00

2, 975. 00

Depreciation at 10 per cent and interest at 8 per cent amounts to 
$536 per annum. For an irrigation season of one hundred days this 
averages $5.36 per day, or $1.80 a day for each plant.

The hourly cost of plant No. 1 may be figured as follows:

Hourly co.it of pumping plant No. 1 at Horaco ranch.

Fuel (gasoline)........................................................... $0.16
Interest and depreciation.................................................. .18
Labor, lubricating oil, etc............. .................................... .10

Total.............................................................. .44TX_MSJ_002175
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The last item is based on the supposition that one man can run the 
three plants.

At well No. 1 the yield of water is 837 gallons a minute, or 50,220 
gallons an hour. The cost is therefore $0.00876 per 1,000 gallons, or 
$2.85 per acre-foot.

The cost at the other plants is much greater on account of poorer 
wells. The wells would probably show little difference in capacity or 
cost of the water if they were all as deep as well No. 1. The coarse 
gravels were not reached at all in well No. 2, and were not penetrated 
in well No. 3.

Mr. Houck made a careful test of the amount of gasoline used at 
pumping plants Nos. 1 and 3 in November, 1904. Each of the engines 
at these plants ran sixteen hours on 16 gallons of gasoline. These 
tests are in substantial accord with the former tests quoted above, but 
show a slightly smaller quantity of gasoline consumed.

Plants Nos. 1 and 3 were used on two occasions to irrigate 25 acres 
of land, consisting of 21 acres of alfalfa and 4 acres of orchard and 
garden, and sixteen hours of continuous run were required at each 
trial. This is equivalent to about 2i inches of water per irrigation.

An interesting observation was made of the effect of stopping the 
pumps during the night instead of making a continuous run s.s above. 
When this was done the pumps had to be run two and one-half hours 
longer to irrigate land that had previously been irrigated in sixteen 
hours.
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APPENDIX.

ANALYSES OF WELL WATER AND DATA CONCERNING WELLS AT AND NEAR

EL PASO, TEX.

This information was furnished by Mr. A. Courchesne, of El Paso, 
Tex.

Wafer in corral at stone quarry above El Paso, Tex.

Analysis.

Silica .......................

Alumina ....................

Lime .......................

Carbonic acid ...............
Sulphuric acid ..............

Chlorine (Cl) ...............

Water of crystallization, or

Oxygen equivalent to Cl ......

Total solids ...........

Parts per 
100,000.

3.00

2.00

26.20

6.11

18.84

15: 00
23. 70

20.60

1.20

116. 65

4.65

112.00

Probable combination?.

Sulphate of soda ............

Chloride of sodium ..........

Water of crystallization, etc..

Total solids ...........

Permanent hardness ........

Parts per 
100,000.

3.00

2.00

34.00

17.65

18.30

1.90

33. 95

1.20

112. 00
&*> *>()

28.20

This is not a good boiler water, though most of the solids will come 
down as sludge instead of sticking to tubes. Still tl ere is enough 
in combination to make a hard seal of sulphate of lime and carbonate 
of magnesia. The water will corrode, but not badly.

74
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Analysis of water from mile 211, El Paso and Southwestern Railroad.

Constituent.

Alumina ....................

Lime ........................

Sulphuric acid ...............

Chlorine(Cl) ................
Water of crystallization. ......

Oxygen equivalent to Cl ......

Parts per 
100,000.

7.00

1.00

6.70

2.80

16.40

13. 65

7.48

8.70

25

63.98 

1.98

62.00

Probable combination.

Water of crystallization. .....

Total solids. ..........

Parts per 
100,000.

9.00

1.00

12.00

3.62

3.45

20.33

14.35

.25

62.00

This is a good locomotive water, and is a fairly good drinking water, 
very slightly, medical from Glaubers salts.

Water from 70-foot well at ranch of A. Courchesne, near Ysleta, Tex.

Constituent.

Silica. ................................. ..............................

Alumina and phosphate ........................ ....i.... ............

Carbonate of lime ................ ............. .....................

Carbonate of magnesia. ................................................

Carbonate of soda .....................................................

Sulphate of soda ......................................................

Chloride of sodium ....................................................

Organic and water of crystallization ....................................

Parts per 
100,000.

3.00

10.00

15.00

3.01

12.13

7.80

23.30
1.76

106. 00

This water is comparatively soft and good for boiler use. It has 
too much organic matter in it for a safe drinking water. Th°i dried 
solids blacken on ignition and smell badly. It is probably polluted 
with sewage.
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Water from lime quarry, El Paso, 30 feet deep.

[NO. 141.

Constituent.

Water of crystallization ......

Oxygen equivalent to Cl. .....

Total solids, 100 c......

Parts per 
100,000.

2.60

2.00

44 79

10.80

65.80

60.00

14.00

75.60

27.50

303. 02 

17. 02

286. 00

Probable combinations.

Total solids, 100 c .....

Total solids, grains per 
gallon (US).........

Parts per 
100,000.

2.60

2.00

52. 00

65.30

32.40

124. 20

27.50

286.00

167. 00

This water is not good for drinking or boiler purposes. It will 
scale and corrode badly. It could be made usable for boilers by treat 
ment with caustic and carbonate of soda, but it would not then be a 
good water on account of high proportions of common salt.

A natysest of water* from wells of El Paso ice plant.

Constituent.

Sulphate of lime ..................................

Total solids .................................

Incrustants .......................................

Surface 
water.

5.4

2.8

26.3

5.3

36.9

32.5

5.2

.6

115.0

34.9

Bad.

300-foot well 
(grains per 
tl. S. gal 

lon).

3.033

9.580

1.102

6.102

7.407

27 224

10. 682

Good.

80-foot well 
(grains per 
U. S. gal 

lon.)

5.249

1.166

35. 003
10 Q4f)

.883

52.464
4.391

9.802

5.148

125. 046

47. 992

19. 341

^7ory bful
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Analysis from water from new 400-foot well of El Paso Ice and Refrigerator Ccmpanij,
* El Paso, Te.r.

Constituent. Parts per 
100,000. Probable combinations. Parts per 

100,000.

Silica .........

Alumina......

Lime .........

Magnesia .....

Soda..... ....

Chlorine......

Carbonic acid.. 

Sulphuric acid.

0.50 

Tr. 

2.23 

3.00 

8.98 

5.31 

5.72 

4.45

Silica..... ............

Alumina .............

Carbonate of lime ....:

Carbonate of magnesia. 

Carbonate of soda 

Sulphate of soda ......

Chloride of sodium..:.

0.50 

Tr. 

4.00 

6.30 

1.59 

7.90 

8.71

Oxygen equivalent to Cl. 

Total solids ......

30.19

1.19

Total solids 

Total hardness.

29.00

11.5

29.00

This is a good water. The hardness is rather high, but it is tem 
porary, and only a small part (about 20 per cent) will incrust, the rest 
falling as slugs in the boiler, which can be blown out.

Analysis of El Paso well water.

Constituent. Grains per 
U. S. gallon.

Incrusting solids:

Calcium carbonate .............................................. 3.20

Calcium sulphate ............................................... None.

Calcium chloride.................... ........................... None.

Magnesium carbonate. ........................................... 1. 39

Magnesium sulphate ............................................ None.

Magnesium chloride............................................. None.

Iron and alumina ............................................... .07

Silica........................................................... 1. 61

Suspended matter............................................... Trace.

Total......................................................... 6. 27

Nonincrusting solids:

Sodium sulphata................................................ 5. 82

Sodium chloride ................................................ 7.02

Sodium carbonate............................................... 4.19

Total.......................... .............................. 17.03

Alkalinity.......................................................... 9. 33

Hardness........................................................... 5. 26

Carbonic acid ....................................................... 2.42
I

Pounds of incrusting solids per thousand gallons ...................... .90
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North well South we//

Water le^et 
at 169'

Working barre/ 
at/69'  "

Water /ere/

Working barre/ -1 
a? 400' LJ

FIG. 32. Wells at Fort Bliss station, El Paso and Northeastern Railroad.

Data, concerning wells at Fort Bliss

NORTH WELL.

Completed: July 22, 1901.
Total depth: 249 feet.
Casing: 249 feet of 6-inch.  
Depth of working ban-el: 245 feet.
Water level: 169 feet below earth's surface.
Pump: 12 by 36 inches, Cook.
Tested capacity of well: 80,000 gallons per twenty-four hours.

SOUTH WELL.

Completed: 1901.
Total depth: 410 feet.
Casing: 410 feet of 6-inch.
Depth of working barrel: 400 feet.
Water level: 190 feet below earth's surface.
Pump: 10 by 36 inches, Cook.
Tested capacity of well: 30,000 gallons per twenty-four hours.

FEATURES COMMON TO NORTH AND SOUTH WELLS.

Contractor: William McLease.
Size of hole: 8 inches.
Pump column: 6-inch standard.'
Working barrel: 5^-inch, Cook.
Well rods: No. 3; 3-inch hickory, IJ-inch straight pins.
Storage: 50,000 gallons, wooden tank.
Boiler: 30 horsepower, Economic.
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Analysis of Fort Bliss well water.

79

Constituent.

Calcium carbonate (incrusting)..............._.....-.........-....... 4. 90

Magnesium carbonate (incrusting )_..... ............._......---...... 3. 09

Silica (incrusting)................................................... 1. 34

Oxides, alumina and iron (incrusting) ................................ .06

Alkali carbonates (nonincrusting).................................... 2. 74

Alkali sulphates (nonincrusting) ..................................... 2.62

Alkali chlorides (nonincrusting) ..................................... 1. 63

Alkali nitrates (nonincrusting)............................ .......... .70

Sulphates, lime, and magnesium...................................... Traces.

Total incrusting solids ......................................... 9.39

Total nonincrusting solids...................................... 7. 69

Pounds incrusting matter per 1,000 gallons......... -.................. 1. 34

Pounds nonincrusting matter per 1,000 gallons ........................ 1.09

Grains per 
U. S. gallon.

This water should be classed as good.
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Page.
Porcher, J. 8., pumping plant of, data con 

cerning............. 31,34-36,38,50-51
pumping plant of, section thuugh, dia 

gram showing.................. 49
water plane at, elevation of, figure

showing........................ 19
wells of, water of.................... 18-19,21

analysis of.......................... 20
Porcher strainer, view of................... 16
Pumping plants, fuel cost of ............... 33

location of, map showing .............. 15
operating cost of ....................... 32-33
specific capacity of .................. 32,36-37
tests of.................................. 39-73
vacuum of, determination of........... 31-32
Sfe also individual plants. 

Rainfall, amount of ..................... 17,21,22
Reservoirs, storage, necessity for........... 38
Rigs, well, views of......................... 16,20
Rio Grande, floods on ...................... 25,30

"harrows of, cross section of............. 11
map of.............................. 10
view of............................. 10

seepage from....................f.... 21,28-29
underflow of,%t Narrows............... 9-13

near Mesilla Park .................. 29
valley of, cross section of. figure showing 30 
water of ............................. 10-11,21

analysis of.......................... 20
salts in, variation in. diagram show 

ing ............................. 12
water plane near, elevation of, diagram

showing........................ 19
wells along............................. 18

water from, analyses of ............ 20
Roualt, T., pumping plant of, data con 

cerning................ 31,34-38,61-64
pumping pl^nt of, section through, dia 

gram showing.................. 62
well of, water of, analysis of........... 20

Sacramento Mountains, location of........ 14
timber on, view of.....................   20

Salts, in Rio Grande underf ow ............ 11-12
in Rio Grande underflow, quantity of,

variation in, diagram showing. 12 
in wells................................. 14

Silt, layersof,.............................. 13
Smith, J. A., pumping plants of, data con 

cerning............. 31,34-36,38,45-49
^pumping plants of, sections through,

diagrams showing.............. 45,48
view of............................. 62
water plane at, elevation of .diagram

showing........................ 19
"wells of, water of, analyses of... v ..... 20

Southern Pacific Railroad, wells of...'...... 17
wells of, water of, analyses of.......... 20

Specific capacity, determination of........ 32
See also individual plant* 

Test wells at narrows, use of ............ 12.23-24
water of, analyses of ................... 20

elevation of, diagram showing..... 24
test well in Mesilla Valley............. 24-25
water level in, variation of, diagram

showing........................ 26
Texas, trans-Pecos, pumping plants in..... 31-38
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finsley, J. D., aid of ....................... 25
gotten, G. H., pom-ping-plant of, data eon-

'eer,nmg. :............... 31,34-138,64-65
pumping plant of, section through, dia 

gram showing.................. 63
  well of, water of, analysis of........... 20

. discharge of, parabola of, diagram
.showing........................ 65

Un4e|flow at narrows...................... 9-13
at narrows, velocity of............... 9,12-13

.......................... 11-12,14

............................. 25-28
See oj|tp Ground water. 

Vacu am, ^termination of................. 31-32
Water, grctod. See Ground water.

Page.
Water horizon, depth to and location of... 14-15,

22,24-25,30 
position of, diag-raiBS'showing....... 19,24,30

Well rigs, views of.......................... 16,20
Wells, depth of............................. 29

location of........................ 14,17-18,22
maps showing.......................... 15,23
water of, analyses of.................... 22
See also individual wells and pumping 

plants.
Wells, deep, need of............'............ 29
Wells, test. See Test wells.
White sands. See Gypsum.
Wood, cost of.....................:......... 33
Ysleta, Tex., wellnear, waterof, analysisof. "5

o
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PUBLICATIONS OF UNITED STATES GEOLOGICAL SURY1Y.«
[Water-Supply Paper No. 141.]

The serial publications of the United States Geological Survey consist of (1) Annual 
Reports, (2) Monographs, (3) Professional Papers, (4) Bulletins, (5) Mineral 
Resources, (6) Water-Supply and Irrigation Papers, (7) Topographic Atlas of United 
States folios and separate sheets thereof, (8) Geologic Atlas of the Unites1 States  
folios'thereof. The classes numbered 2, 7, and 8 are sold at cost of publication; the 
others are distributed free. A circular giving complete lists may be had on apDli<*ation.

Most of the above publications may be obtained or consulted in the following ways:
1. A limited number are delivered to the Director of the Survey, from whom they 

may be obtained, free of charge (except classes 2, 7, and 8), on application
2. A certain number are allotted every member of Congress, from whom they 

may be obtained, free of charge, on application.
3. Other copies are deposited with the Superintendent of Documents, Washington, 

D. Cj,' from whom they may be had at prices slightly above cost.
4. Copies of all Government publications are furnished to the principal public 

libraries in the large cities throughout the United States, where they may be con 
sulted by those interested.

The Professional Papers, Bulletins, and Water-Supply Papers treat of a variety of 
subjects, and the total number issued is large. They have therefore been classified 
into the following series: A, Economic geology; B, Descriptive geology; C, System 
atic geology and paleontology} D, Petrography and mineralogy; E, Chemistry and 
physics; F, Geography; G, Miscellaneous; H, Forestry; I, Irrigation; J, Water stor 
age; K, Pumping water; L, Quality of water; M, General hydrographic investiga 
tions; N, Water power; O, Underground waters; P, Hydrographic progress reports. 
This paper is the eleventh in Series K and the forty-fourth in Series O, the complete 
lists of which follow (PP=Professional Paper; B=Bulletin; WS=Water-Supply 
Paper):

SERIES K, PUMPING WATER.

WS 1. Pumping water for irrigation, by H. M. Wilson. 1896. 57 pp., 9 pis. 
WS 8. Windmills for irrigation, by E. C. Murphy. 1897. 49 pp., 8 pis. 
WS 14. New tests of certain pumps and water lifts used in irrigation, by O. P. Hood. 1^98. 91 pp.,

1 pi.
W$ 20. Experiments With windmills, by T. O. Perry. 1899. 97 pp., 12-pls. 
WS 29. Wells and windmills in Nebraska, by E. H. Barbour. 1899. 85 pp., 27 pis. 
WS 41. The windmill; its efficiency and economic use, Pt. I, by E. C. Murphy. 1901. 72 pp., 14 pis. 
WS 42. The windmill, Pt. II (continuation of No. No. 41). 1931. 73-147 pp., 15-16 pis. 

  WS 91. Natural features and economic development of Sandusky, Maumee, Muskingum, and Miami
drainage areas in Ohio, by B. H. Flynn and M. S. Flynn. 1901. 130 pp.

WS136. Underground waters of Salt River Valley, Arizona, by W. T. Lee. 1£05. 194 pp., 24 pis. 
WS 141. Observations on the ground waters of the Rio Qrande Valley, 1904, by C. S. Slichter. 1905.

83 pp., 6 pis.
SERIES O, UNDERGROUND WATERS.

WS 4. A reconnaissance in southeastern Washington, by I. C. Russell. 1897. 96 pp., 7 pis.
WS 6. Underground waters ot southwestern Kansas, by Erasmus Haworth. 1897. 65 pp., 12 pis.
WS 7. Seepage waters of northern Utah, by Samuel Fortier. 1897. 50 pp., 3 pis.
WS 12. Underground waters of southeastern Nebraska, by N. H, Darton. 1898. 56 pp., £1 pis.
WS 21. Wells of northern Indiana, by Frank Leverett. 1899. 82 pp., 2 pis.
WS 26. WelJs of southern Indiana (continuation of No. 21), by Frank Leverett. 1899. 64pp.
WS 30. Water resources of the lower peninsula of Michigan, by A. C. Lane. 1899. 97 pp , 7 pis.
WS 31, Lower Michigan mineral waters, by A. C. Lane. 1899. 97 pp., 4 pis.
WS 34. Geology and water resources of a portion 01 southeastern South Dakota, by J. E. Todd. 1900.

34 pp., 19 pis. 
WS 63. Geology and water resources of Nez Perees County, Idaho, Pt. I, by I. 0. Russel". 1901. 86

pp., 10 pis. 
WS 54. Geology and water resources of Nez Perees County, Idaho, Pt. II, by I. C. Rtssell. 1901.

87-141 pp.
I
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IT ADVERTISEMENT.

WS 55. Geology and water resources of a portion of Yakima County, Wash,, b." G. O. Smith. 1901.
68 pp., 7 pis.

WS 57. Preliminary list of deep borings in the United States, Pt. I, by N. H, Barv»n. 1902. 60 pp. 
WS 59. Development and application of water in southern California,, ft. 1, by J. B. Lipplucott.

1902. 95 pp., 11 pis. 
WS 60. Development and application of water in southern California, Pt. II, by J. B. Lippta«ott.

1902. 96-140 pp.
WS 61. Preliminary list of deep borings in the United States, Pt. II, by N. H. Barton. 1902. 67 pp. 
WS 67. The motions of underground waters, by C. S. Slichter. 1902. 106 pp., 8 pis. 
B 199. Geology and water resources of the Snake River Plains of Idaho, by I. C. Russell. 1902. 192

pp., 25 pis.
WS 77. Water resources of Molokai, Hawaiian Islands, by W. Lindgren. 1903. 62 pp., 4 pis. 
WS 78. Preliminary report on artesian basins in southwestern Idaho and southeastern Oregon, by I. C.

Russell. 1903. 63 pp., 2 pis. 
PP 17. Preliminary report on the geology and water resources of Nebraska west of the one hundred

and third meridian, by N. H. Barton. 1903. 69 pp., 43 pis. 
WS 90. Geology and water resources of a part of the lower James River Valley, South Dakota, by

J. E. Todd and C. M. Hall. 1904. 47 pp., 23 pis. 
WS 101. Underground waters of southern Louisiana, by G. D. Harris, with discussions of their uses for

water supplies and for rice irrigation, by M. L. Fuller. 1904. 98pp., 11 pis.
WS 102. Contributions to the hydrology of eastern United States, 1903, by M. L. F iller. 1904. 522 pp. 
WS 104. Underground waters of Gila Valley, Arizona, by W. T. Lee. 1904. 71 pp . 5 pis. 
WS 110. Contributions to the hydrology of eastern United States, 1904; M. L. Fuller, geologist in

charge. 1904. 211 pp., 5 pis. 
PP 32. Geology and underground water resources of the central Great Plains, by N. H. Darton. 1904.

433 pp., 72 pis. 
WS 111. Preliminary report on underground waters of Washington, by Henry Landes. 1904. 85 pp.

ipl. 
WS 112. Underflow tests in the drainage basin of Los Angeles .River, by Homer Hamliii. 1904.

55 pp., 7 pis. . * 
WS 114. Underground waters of eastern United States; M. Li Fuller, geologist in charg"e. 1904.

. 285 pp., 18 pis. 
WS 118. Geology and water resources of east-central Washington, by F. C. Calkins. 1905. % pp.,

4 pis. 
B 252. Preliminary report on the geology and water resources of central Oregon, by I. C. Russell.

1905. 138 pp., 24 pis. 
WS 120. Bibliographic review and index of papers relating to underground waters published by the

United States Geological Survey, 1879-1904, by M. L. Fuller. 1905. 12F pp. 
WS 122. Relation of the law to underground waters, by D. W. Johnson, 1905. 55 pp. 
WS 123. Geology and underground water conditions of the Jornada del Muerto, IT«JW Mexico, by C. K.

Keyes. 1905. 42 pp., 9 pis.
WS 136. Underground waters of the Salt River Valley, by W. T. Lee. 1905. 194 pp., 24 pis. 
B 264. Record of deep-well drilling for 1904, by M. L. Fuller, E. F. Lines, and A. C. Veatch. 1905.

106 pp.
PP 44. Underground water resources of Long Island, New York, by A. C. Veatch and others. 1906. 
WS 137. Development of underground waters in the eastern coastal plain region of southern California,

by W. C. Mendenhall. 1905. 140 pp., 7 pis.
WS 138. Development of underground waters in the central coastal plain region of southern Califor 

nia, by W. C. Mendenhall.' 1905. 162 pp., 5 pis.
WS 139. Development of underground waters in the western coastal plain regfon of southern Cali 

fornia, by W. C. Mendenhall. 1905. 105 pp., 7 pis.
WS 140. Field measurements of the rate of movement of underground waters, by C. S. SHchter. 1905. 
WS 141. Observations on the ground waters of the Rio Grande Valley, 1904, by C. S. Slichter. 1905.

83 pp., 5 pis.
The following papers also relate to this subject: Underground waters of Arkansas Valley in eastern 

Colorado, by G. K. Gilbert, in Seventeenth Annual, Pt. II; Preljminary report or artesian waters of a 
portion of- the Dakotas, by N.'H. Darton, in Seventeenth Annual, Pt. II; Water resources of Illinois, 
by Frank Leverett. in Seventeenth Annual, Pt. II; Water resources of Indiana and Ohio, by Frank 
Leverett, in Eighteenth Annual, Pt. IV; New developments in well boring and irrigation in eastern 
South Dakota, by N. H. Darton, in Eighteenth Annual, Pt. IV; Rock waters of Ohio, by Edward 
Orton,' in Nineteenth Annual, Pt. IV; Artesian well prospects in the Atlantic coastal plain region, by 
N. H. Darton, Bulletin No. 138.

Correspondence should be addressed to
THE DIRECTOR,

UNITED STATES GEOLOGICAL SURVEY,
WASHINGTON, D. C. 

SEPTEMBER, 1905.
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LIBRARY CATALQGUE SLIPS.

[Mount each slip upon a separate card, placing the subject at the top of the 
second slip. The name, of jfcixe series-shouJd-not be repeated on the series 
card, but the additional numbers should be added, as received, to the first 
entry. ]

Slichter, Charles S[umner] 1864-

' . . . Observations on the ground waters of Rio 
Grande Valley, by Charles S. Slichter. Washington, 
Gov't print, off., 1905.

83, iii p. illus., V pl.,diagrs. 23cm . (U. S. Geological survey. Water- 
supply and irrigation paper no. 141)

Subject series: K, Pumping-water, 11; O, Underground waters, 44.
Appendix: Analysis of well water and data concerning wells at and near 

El Paso, Texas.
1. Water, Underground Texas. 2. Water, Underground New Mexico.

Slichter, Charles S[umner] 1864-

. . . Observations on the ground waters of. Rio 
Grande Valley, by Charles S. Slichter. Washington, 
Gov't print, off., 1905.

83, iii p. illus., V pi., diagrs. 23om. (U. S. Geological survey. Water- 
supply and irrigation paper no. 141)

Subject series: K, Pumping water, 11; 0, Underground waters, 44. 
Appendix: Analysis of well water and data concerning wells at and near 

El Paso, Texas.
1. Water, Underground Texas. 2. Water, Underground New Mexico.

r

U. S. Geological survey.

Water-supply and irrigation papers, 
jao. 141. Slichter, C. S. Observatiqns on the ground 

waters of Rio Grande Valley. 1905.

U. S. Dept. of the Interior.
g see alsos
| U. S. Geological survey.
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LIST

OF THE

PUBLIC ACTS AND RESOLUTIONS OF CONGRESS
CONTAINED IN THIS VOLUME.

PART ,ONE_

ACTS OF THE FIFTY-EIGHTH CONGRESS OF THA UNITED STATES.

STATUTE I.-1903 .
Page.

Congressional mileage, etc . Joint resolution making immediately available the appropriations for
mileage of Senators and Members of the House of Representatives, and for other purposes .
November 12, 1903	 1

STATUTE II.-1903-1904.

Cuban reciprocity . An act to carry into effect a convention between the United States and the
Republic of Cuba, signed on the eleventh day of December, in the year nineteen hundred
and two. December 17, 1903	 ---------------

	

3Louisiana Purchase Exposition copyrights. An act to afford protection to exhibitors of foreign
literary, artistic, or musical works at the Louisiana Purchase Exposition . January 7,1-904 .-

Mexican boll-weevil extermination . An act to amend the act entitled "An act making appropria-
tions for the Department of Agriculture for the fiscal year ending June thirtieth, nineteen
hundred and four," approved March third, nineteen hundred and three . January 15,1904-

	

5
Removing snow and ice, District of Columbia . An act making appropriations for clearing the Poto-

mac River of ice and for the removal of snow and ice in the District of Columbia . January
15,1904	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bridge, Mississippi River . An act to supplement and amend an act entitled "An act to authorize
the construction of a bridge across the Mississippi River, at or near Grays Point, Missouri,-"
approved January twenty-sixth, nineteen hundred and one . January 18, 1904 .- .- .-- .-- .

	

6
Arizona, road bond issue. An act to enable the city of Phoenix, the town of Tempe, and the town

Mesa, all in Maricopa County, Arizona Territory, severally to issue the bonds of said
municipalities for the purpose of aiding in the construction of a freighting and wagon road
from any convenient point in the Salt River Valley to the Salt River reservoir dam site in
Maricopa County, Arizona. January 21, 1904	 6

District of Columbia, Columbian College charter. An act supplemental to the act of February ninth,
eighteen hundred and twenty-one, incorporating the Columbian College in the District of
Columbia, and the acts amendatory thereof . January 23, 1904	

District of Columbia, Pintsch Compressing Company . An act to amend an act entitled "An act to
permit the Pintsch Compressing Company to lay pipes in certain streets in the city of Wash-
ington," approved May nineteenth, eighteen hundred and ninety-six . January 25, 1904 . .

	

8
Port of entry, Chester, Pa . An act making Chester, Pennsylvania, a subport of entry . January

25, 1904	 --

	

9Pea forated Congressional franks . An act to amend an act entitled "An act providing for public
printing and binding and the distribution of public documents." January 30, 1904	9

Appraiser, Pittsburg, Pa. An act providing for the-appointment of a customs appraiser at Pitts-
burg, Pennsylvania. January 30, 1904	

Bridge, Saint Francis River . An act to authorize the county of Poinsett, in the State of Arkansas,
to construct a bridge across the Saint Francis River at or near the town of Marked Tree, in
said county and State. February 2, 1904	 . ._._ . . ._ .-_

	

9
District of Columbia, sidewalks . An act in relation to business streets in the District of Columbia .

February 2, 1904	 10
District of Columbia, dental practice . An act to amend an act entitled "An act for the regulation

of the practice of dentistry in the District of Columbia, and for the protection of the people
from empiricism in relation thereto," approved June sixth, eighteen hundred and ninety-
two. February 5, 1904	 10

Laval ooicer, Chicago, Ill . An act providing for an additional officer in the district of Chicago, in
the collection district of Indiana and Illinois . February 6, 1904	 11

iii
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LIST OF PUBLIC 'ACTS AND RESOLUTIONS.

Page .
District of Columbia, lunacy proceedings . An act to change the lunacy proceedings' in the District

of Columbia where the Commissioners of said District are the petitioners, and for other
purposes . February 23,1905	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

740
District of Columbia, Union Station. . An act to amend an act approved February twelfth, nineteen

hundred and one, entitled "An act to provide for eliminating certain grade crossings on the
line of the Baltimore and Potomac Railroad Company, in the city of Washington, District
of Columbia, and requiring said company to depress and elevate its tracks, and to enable it
to relocate parts of its railroad therein, and for other purposes ." February 23, 1905	740

District of Columbia, conduit, Seaenth street . An act permitting the Washington Market Company
to lay a conduit across Seventh street west . February 23, 1905	 741

Pierre Charles L'Enfant, tombstone . An act to mark the grave of Major Pierre Charles L'Enfant .
February 23,1905	 741

District of Columbia, water to charitable institutions, etc. An act authorizing the Commissioners of
the District of Columbia to furnish Potomac water without charge to charitable institu-
tions, and so forth, in-the District of Columbia . February 23, 1905	 742,.

District of Columbia, alley, square 806 . An act to close and open an alley in square numbered eight
hundred and six in the city of Washington, District of Columbia . February 23, 1905---- .

	

742
Life saving on railroads, ,medals, etc. An act to promote the security of travel upon railroads

engaged in interstate commerce, and to encourage the saving of life . February 23, 1905 . _ 743
Omnibus claims act . An act for the allowance of certain claims reported by the Court of Claims,

and for other purposes. February 24, 1905	 _ 743
Public works, suits against contractors . An act to amend an act approved August thirteenth, eight-

een hundred and ninety-four, entitled "An act for the protection of persons furnishing
materials and labor, for the construction of public works" February 24, 1905	_ _- 811

Alabama, canceled homested entries . An act for the relief of certain homestead settlers in the
State of Alabama . February 24,1905 ._ ._ .	.-_ ._ ._--	 813

Thomas Mason, Revenue-Cutter Service . An act to authorize the promotion of First Lieutenant
Thomas Mason, Revenue-Cutter Service. February 25,1905	 813

Dam, Rainy River . An act relating to a dam across Rainy River . February 25, 1905	814
Dam, etc., Rio Grande . An act relating to the construction of a dam and reservoir on the Rio

Grande, in New Mexico, for the impounding of the flood waters of said river for purposes
of irrigation . February 25, 1905	 814

C'uxtoms, deputy collector, Manteo, N. C. An act to authorize the Secretary of the Treasury to
appoint a deputy collector of customs at Manteo, North Carolina . February 25, 1905	814

Court of Claims, lands in San Francisco . An act referring the claim of Hannah S . Crane and others
to the Court of Claims . February 25, 1905	 815

Saint Johns County, Fla., school land . An act making provision for conveying in fee certain public
grounds in the city of Saint Augustine, Florida, for school purposes . February 27, 1905 . . 815

Montana lands. An act confirming the title of the Saint Paul, Minneapolis and Manitoba Rail-
way Company to certain lands in the State of Montana, and for other purposes. February
27,1905	 816

Twentieth New York Volunteers . An act for the relief of certain enlisted men of the Twentieth
Regiment of New York Volunteer Infantry . February 27, 1905	_ 816

Bridge, Red River. An act to authorize the construction of a bridge across Red River at or near
Boyce, Louisiana . February 27,1905----	 817

Bridge, Rainy River. An act to extend the time for the construction of a bridge across Rainy
River by the International Bridge and Terminal Company . February 28, 1905	818

Notional banks, directors . An act to amend section fifty-one hundred and forty-six of the Revised
Statutes of the United States in relation to the qualifications of directors of national bank-
ing associations: February 28, 1905	 _ ___

	

818
Nebraska, exchange of lands. An act to authorize the Secretary of the Interior to accept the con-

veyance from the State of Nebraska of certain described lands and granting to said State
other lands in lieu thereof, and for other purposes . February 28, 1905	819

Life-saving station, Nome, Alaska. An act to establish a life-saving station at Nome, Alaska .
March 1, 1905	. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	 819

Richmond, N. V, light-house station band . An act for the conveyance of public lands belonging to
the United States, in the State of New York . March 1, 1905	_-__ ._- .--_ . .

	

.

	

820
Boundary, South Dakota and Nebraska . An act establishing that portion of the boundary line

between the State of South Dakota and the State of Nebraska south of Union County, South
Dakota. March 1, 1905 .	 •	 820

American register "Brooklyn ." An act to provide an American register forthe steamer Brooklyn .
March 1, 1905	 -----------------

	

821
1 inn-lean register "Pioneer ." An act to provide an American register for the steam lighter Pioneer .

March 1, 1905	 •	a	-----------------

	

821
Purcell, had . T., tax ordinance . An act legalizing a certain ordinance of the city of Purcell, Indian

Territory . March 1, 1905	.	 821
District of Columbia, police and fareuaen's pensions . An act to amend section four of an act entitled

"An act relating to the Metropolitan police of the District of Columbia," approved Feb-
ruary twenty-eighth, nineteen hundred and one . March 1, 1905	_ .__ ._ ._ .__ .__ ._ ._

	

821
Immediate transportation, Gloucester, Mass . An act to make Gloucester, Massachusetts, a port to

which merchandise may be imported without appraisement . March 1, 1905 _	822
I'ntlic lands, receivers . An act for the relief of certain receivers of public moneys, acting as special

disbursing agents, in the matter of amounts expended by them for perdiem fees and mileage
of witnesses in hearings, which amounts have not been credited' by the accounting officers
of the Treasury Department in the settlement of their accounts. March 2, 1905	822

TX_MSJ_002191



814

	

FIFTY-EIGHTH CONGRESS. SEES. III . CHs. 797-799 . 1905 .

February 2,5, 1905 .

	

CHAP. 797.-An Act Relating to a dam across Rainy River .
[H . R . 17331 .]

[Public, No . 103 .]

	

Be it enacted by the Senate and Ho use, oj'Representatives of the United
States ofAm,ericainCongressassembled, That the Rainy River Improve-
mentRiver,

RiverAllim- ment Company, a corporation organized under the laws of the State of
provement Company Minnesota for the improvement of the navigation of Rainy River andto succeed to rights

	

y
of former company. Rainy Lake, and its successors and assigns, upon filing with the Sec-

retary of War proof satisfactory to him of its succession to the rights
and privileges granted to the Koochiching Company by the following

Vol . 30, p . 398. Acts of Congress, namely : Chapter two hundred and thirty-eight of vol-
ume thirty of the Statutes at Large, "An Act permitting the building
of a dam across Rainy Lake River," approved May fourth, eighteen

vol . 31, p . 167 . hundred and ninety-eight ; chapter three hundred and forty-six of vol-
ume thirty-one of the Statutes at Large, "An Act to amend an Act
entitled `An Act permitting the building of a dam across Rainy Lake

Vol . 32, p . 485. River,"' approved May fourth, nineteen hundred ; chapter thirteen
hundred and five, volume thirty-two, of the Statutes at Large, "An
Act, relating to the construction of a dam across Rainy River," approved
June twenty-eighth, nineteen hundred and two, shall have the right,
subject to the restrictions, conditions, and terms of said several Acts, to
construct and maintain the dam provided for therein, at such height as

Proviso'
f construc- the Secretary of War may approve : Provided, That such dam shall be

tion .

	

completed on or before July first, nineteen hundred and eight .
Proof of succession . SEC. 2. That upon filing the proof of its succession to the rights of

the Koochiching Company., and the approval thereof by the Secretary
of the War, that officer shall issue to the Rainy River Imprcvement
Company a certificate of such approval .

Amendment.

	

SEC. 3 . That the right to alter, amend, or repeal this Act is hereby
expressly reserved .
Approved, February 25, 1905 .

February 25, 1905 . CHAP.' 798.-An Act Relating to the construction of a dam and reservoir on the[H . R. 17939.] Rio Grande, in New Mexico, for te impounding of the field waters of said river for
[rublic, No. 104.1

	

purposes of irrigation .

Be it enacted by the Senate and House of Representatives of the United
RioGrande, N. Alex
Dan,, etc ., author

.
- States of America in Congress assembled, That the provisions of,th,,

[zed utder reelama- reclamation Act approved June seventeenth, nineteen hundred and
Vol . 32, p . 388 .

	

two, shall be extended for the purposes of this Act to the portion of
the State of Texas bordering upon the Rio Grande which can be irri-
gLocatior

	

a,ted fro a dam to,.be constructed near Engle, in the Territory of
ew

1M1
,o, on the Rio Grande, to store the flood waters of that river,

and if there shall be ascertained to be sufficient land in New Mexico
and in Texas which can be supplied with the stored water at a cost
which shall render the project feasible and return to the reclamation
fund the cost of the enterprise, then the Secretary of the Interior may
proceed with the work of constructing a dam on the Rio Grande as
part of the general system of irrigation ; should all other conditions
as regards feasibility be found satisfactory .
Approved, February 25, 1905 .

February 25, 1905. CHAP. 799.-An Act To authorize the Secretary of the Treasury to appoint a[S. 4609.]

	

deputy collector of customs at Manteo, North Carolina .
[Public, No. 105.]

Be it enacted by the Senate and House of Representatives of the United
Deputy collector au- States of America in Congress assembled, That the Secretary of the

tthczed at Afanteo, Treasury be, and he is hereby, authorized and directed to appoint a
R. S .,sec . 2556,p.505, deputy collector of customss at Manteo, in the district of Albemarle,

amended .

	

North Carolina, who shall be empowered to grant enrollments and
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WATER RESOURCES OF THE RIO GRANDE VALLEY IN 
NEW MEXICO, AND THEIR DEVELOPMENT.

By WILLIS T. LEE.

INTRODUCTION.

The investigations described in this paper were undertaken for the 
purpose of gathering information which might aid in the develop 
ment of the water resources of the Rio Grande Valley in New Mexico. 
Two general lines of observations were followed, one pertaining to 
underground waters and their utilization, the other to the storage and 
conservation of the surface waters. The work was done during the 
field seasons of 1904 and 1905 under the general direction of Mr. 
N. H. Darton. The area examined extends along the Rio Grande 
from the southern boundary of New Mexico northward to Santa Fe.

The valley of the Rio Grande, lying west of the Rocky Mountain 
uplift, extends in a north-south direction through a part of New Mex 
ico which is characterized by comparatively small and more or less iso 
lated mountain groups separated by basinlike depressions partly 
filled with rock debris. The valley is a part of the semiarid region of 
the southwestern part of the United States, in which the rainfall 
is insufficient for agriculture without irrigation.

A comparatively small amount of the water derived from the moun 
tains to the north sustains a small but permanent flow in the river 
in the northern part of the region, but this water gradually disappears 
and the river bed in the southern part is often dry.

The Rio Grande is essentially a storm-water stream, subject to 
great and sudden floods. Within the area described only three per 
manent streams the Rio Puerco, Rio Jemes, and Galisteo Creek  
enter the Rio Grande, and their discharge, except in times of storm, 
is comparatively small. The rainfall in the region occurs principally 
in the form of violent showers or "cloud-bursts," which fill the dry 
stream courses with turbulent floods of short duration. When these 
showers occur simultaneously in many parts of the region they cause 
more or less destructive floods in the river. For these reasons the 
fertile irrigable lands along the river are sometimes unproductive

7
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8 WATER RESOURCES OF RIO GRANDE VALLEY, N. MEX.

for want of water and at other times crops are ruined because the 
fields are submerged or irrigation ditches destroyed by floods.

Much of the diminution in the volume of flow downstream is due to 
the fact that a large part of the water of the river sinks beneath 
the surface into the porous material of the valley bottom. Many of 
the tributary stream courses that are dry where they join the river 
contain flowing water in their upper reaches, the water sinking 
beneath the surf ace when it reaches the detrital material of the valley. 
The water entering the ground from the river and from the trib 
utary streams is sufficient in volume to warrant its development for 
irrigation.

GEOGRAPHY.

RELATION TO OTHER REGIONS.

New Mexico consists of four general geographic provinces the 
plains, occupying its eastern part; the Rocky Mountain province 
occupying its central part; the plateau province, in its northwestern 
part; and the basin range province, in its southwestern part. The 
Rocky Mountains proper terminate in northern New Mexico, but the 
general mountain uplift extends southward across the Territory as a 
succession of comparatively small mountain groups. These have not 
been generally recognized as parts of the Rocky Mountains, altho 
they belong to the same general system. The Rio Grande region .lies 
between the Rocky Mountain province on the east and the plateau 
and basin range provinces on the west.

EASTERN MARGIN.

The crest of the Rocky Mountain uplift, consisting of the southern 
extremity of the Rocky Mountains proper, the Sandia and Montoso 
mountains, Sierra Oscura, San Andreas Range, and the Organ and 
Franklin mountains, form the eastern boundary of the area here de 
scribed. The uplift becomes progressively lower toward the south, 
the maximum altitudes varying from 13,000 feet in the Rocky Moun 
tains east of Santa Fe to 7,000 feet in the Franklin Mountains in the 
southern part of the region, and the minimum altitudes from 7,500 feet 
in Glorietta Pass near the northern end of the region to 3,700 feet at 
the southern end where the Rio Grande cuts through the uplift at The 
Pass. The rocks consist of granites and sedimentary rocks that range 
in age from pre-Cambrian to Tertiary.

WESTERN MARGIN.

The western margin of the Rio Grande Valley is much more irregu 
lar than the eastern margin, in both outline and altitude. It is 
formed by the Jemes Mountains at the north, by the Ladron, Socorro, 
Magdalena, and San Mateo mountains in the central part, and by the
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GEOGRAPHY, CENTEAL AREA. 9

Good Sight and Potrillo mountains farther south. These groups are 
more or less widely separated, either by imdrained detrital plains like 
La Mesa, lying between the Potrillo Mountains and Cerro Magdalen, 
or by broad valleys like that of the Rio Puerco.

  The older sedimentary formations extend over the same wide 
range of geologic age as those in the eastern margin, but the exposures 
are small, the greater part of the surface being occupied by effusive 
rock and unconsolidated detritus.

CENTRAL AREA. 

MOUNTAINS.

Three large groups of mountains, the Caballos, the Fra Cristobal, 
and Cerro Magdalen (not to be confused with the Magdalena Moun 
tains) occur within the limits of the Rio Grande region, and several 
small groups and isolated peaks, like the Dona Ana Hills, Cerro 
Robledo, and Cerro Cuchillo.

The Caballos and Fra Cristobal ranges consist of granite and over 
lying sediments dipping eastward beneath the Jornada del Muerto. 
(PI. VI, B.) The Socorro Mountains, Cerro Magdalen, the Dona Ana 
Hills, and a large number of smaller hills in the central part of the 
region are of eruptive origin, but many of the hills, such as Cerro 
Robledo (see PI. Ill), Tortuga, Cerro Cuchillo, and Sierra Ladron, 
are tilted blocks of sedimentary rocks. '

PLAINS.

In the southern half of the Rio Grande region there are two broad 
plains, which, on account of their important bearing on questions con 
nected with underground-water conditions in the Rio Grande region, 
require special description. These are the Jornada del Muerto and 
La Mesa. The Jornada has been described in a former water-supply 
paper, a but certain characters directly affecting the problems here 
discust require further consideration.

In the paper above cited b the Jornada del Muerto is regarded as 
including Mesilla Valley on the south and the plain lying northeast 
of San Marcial between Sierra Oscura and Cerro Montoso, thus com 
prising an area having a length of about 200 miles and an avefage 
gradient of 12 feet per mile. This extension of the Jornada proper 
may be advisable in describing the structural geology, but it is 
thought best to use here the name in its original meaning, applying it 
only to the high plain between Las Cruces and San Marcial, since, thus 
defined, it corresponds not only with the local usage but also with the 
ancient course of the Rio Grande described on page 21.
  , oKeyes, C. B., Water-Sup, and Irr. Paper No. 123, U. S. Geol. Survey, 1905. 

6 Ibid., p. 13.
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10 WATER RESOURCES OP RIO GRANDE VALLEY, N. MEX.

The Jornada del Muerto, according to this usage, is the nearly 
level detrital plain, 10 to 20 miles or more in width, extending from 
San Marcial southward to Las Cruces, between the San Andreas and 
the Caballos-Fra Cristobal mountain ranges a distance of about 100 
miles. It has no drainage lines except at the southern end, near 
the river, but throughout its length slight depressions occur near its 
center, in which storm waters gather and form small temporary 
lakes. The altitude of the plain at the northern end, near San Mar 
cial, is about 4,700 feet, and at its southern end 4,250 feet, a differ 
ence in surface elevation of 450 feet in the .100 miles of length, or 
an average gradient of 4.5 feet per mile.

The rocks exposed in the mountain slopes on either side of the 
Jornada are the upturned sedimentary rocks forming the floor of 
the syncline described by Keyes in the report previously referred to. 
The central plain, however, is covered to a depth of at le&st several 
hundred feet with detritus, consisting of sand, gravel, and angular 
rock debris. As indicated by well records, the material in the cen 
tral part of the Jornada is largely sand and rounded pebbles of 
quartzite and argillite, while angular detritus, consisting mainly of 
limestone and sandstone, is apparently more abundant near the 
sides.

The second plain, locally known as "La Mesa," lies in the south 
ern part of the Rio Grande region west of Mesilla Valley, and extends 
from the vicinity of Las Cruces southward into Mexico. It is simi 
lar to the Jornada in many ways. Its altitude is the same as that 
of the southern end of the Jornada, and the two formed a single 
plain previous to the excavation of Mesilla Valley. La Mesa has a 
width of 20 miles or more and is undissected by erosion and entirely 
wantirg in lines of surface drainage. It contains several broad, 
shallow depressions, but, unlike those of the Jornada, these do not 
retain storm waters for any appreciable length of time. Although 
inclined slightly to the south, the surface appears practically level 
over an area of more than 1,000 square miles.

To a depth of at least 945 feet, the depth of the deepest well, the 
material in La Mesa consists of clay, sand, and rounded pebbles of 
quartzite, argillite, and a great variety of hard igneous and meta- 
morphic rocks, with a subordinate amount of angular debris. The 
surface is notably more sandy than that of the Jornada, and wells 
sunk in it encounter a greater proportion of fine material than occurs 
in the Jornada.

In the northern part of La Mesa there are gravel beds of con 
siderable size at the surface, but these become less numerous toward 
the south, until near the Mexican boundary sand alone is exposed 
and the surface becomes practically level. The region was not 
explored south of the Mexican boundary for the purposes of this
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GEOGRAPHY, CENTRAL AREA. 11

report, but from the summit of the Potrillo Mountains the sandy 
plain appeared to continue southward unbroken as far as the eye 
could reach. It is probable that La Mesa is the northern extrem 
ity of the broad interior basin of northern Mexico, the lowest parts 
of which, containing undrained lakes, occur 25 to 50 miles south of 
the international boundary. At some former time this basin was 
probably occupied by a large lake, the northern extremity of which 
covered La Mesa.

SLOPES.

The greater part of the surface of the' Rio Grande region is made 
up of long, corrugated slopes, extending from the bordering moun 
tains to the river. East of the river the slope varies in length from 
5 to 20 miles. Near Santa Fe it is 12 miles long and has an average 
gradient of 125 feet per mile. East of Albuquerque it is about 10 
miles long and has a gradient of about 70 feet per mile, and east of 
Las Cruces it is 10 miles long and has a gradient of about 100 feet 
per mile. In places where the river is located near the mountains, 
as at the northern end of the Sandia and west of the Caballos Moun 
tains (PL VI, B), the gradient is 250 to 300 feet per mile.

The slopes of the western part of the Rio Grande region are much 
more varied than those that lie east of the river. Some are short, 
steep, and deeply dissected; others are many miles in length and 
perfectly graded, and still others, like those drained by Arroyo 
Salado and Rio Puerco, are but slightly inclined.

The material exposed on the corrugated slopes consists of angular 
rock fragments derived from the mountains. These fragments vary 
in coarseness with the variations in the hardness of the rock from 
which they were formed and with the gradient of the slopes on which 
they are deposited. In general, they are large near the hills and on 
the steep slopes and small on the lower grades and near the foot of 
the slopes, where they are often found intermingled with sand and 
pebbles that have been rounded by-stream action.

TERRACES.

The long slopes terminate more or less abruptly near the river in 
bluffs or terraces, two of which are more or less conspicuous throughout 
the Rio Grande region. The highest is not continuous. It is rep 
resented west of Santa Fe by the lava-capped detrital bluffs exposed 
in the canyon of Santa Fe Creek, where it forms a shelf 500 feet 
above a lower terrace and about 800 feet above the river, as shown 
in the Santa Clara sheet of the United States Geological Survey. 
West of Albuquerque it is represented by the broad, sandy plain 
upon which the lava flow from Albuquerque volcanoes rests, 500 
feet above the lower terrace and 800 feet above the river. (See PI.
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12 WATEE KESOUKCES OF EIO GEANDE VALLEY, N. MEX.

II, B, and section D-D on PL III.) Near the southern end of the 
region a similar relation occurs, the high detrital plain west of Cerro 
Robledo- being 500 feet higher than La Mesa and 800 feet higher than 
the river, as shown in the Las Cruces sheet of the United States 
Geological Survey. The ancient surface represented by these rem 
nants apparently had the same gradient as the Rio Grande has at 
the present time.

On either side of the river, at altitudes about 500 feet lower than 
the isolated remnants of the high terrace, are well-defined terraces, 
which are practically continuous from White Rock Canyon to El 
Paso. They are remnants of a surface that was formed principally 
by aggradation and later dissected by the river and its tributaries. 
This surface is represented at Albuquerque by the wide shelf between 
the lava flow and the river, shown in the foreground of PL II, B. 
Farther south it is represented by the Jornada and La Mesa. (See 
sections of PL III.) The surface was formed, first, by the depo 
sition of river sand and gravel; second, by the erosion of previ 
ously deposited gravels and volcanic tuffs, illustrated in PL II, A; 
third, by lava flows, such as those near San Marcial (PL IV, A) and 
San Acacia, and, fourth, by the planation of upturned sedimentary 
rocks, like those exposed at the surface along the eastern base of the 
Caballos Mountains in the vicinity of Engle, shown in PL IX.

EROSION BASINS AND CANYONS.

Introductory statement. Along the Rio Grande there are erosion 
basins, separated by rock canyons, as shown in PL I, and limited in 
form and size by the character of the material in which they were 
excavated. These basins are parts of the valley of the Rio Grande 
\that have been broadened on account of the easy erosion of uncon- 
solidated material while the narrower canyons were being cut in the 
hard rock.

Espanola Valley. This valley extends from the head of White 
Rock Canyon northward beyond the region here considered. The 
southern end of the valley has been described as a possible reservoir 
site, a and a contour map of it has been made. The valley is exca 
vated in unconsolidated sand, gravel, and rhyolitic tuff. The gravel 
beds are exposed in bluffs several hundred feet high and are pro 
tected from erosion by the overlying igneous rock, consisting of 
rhyolitic tuff and basalt flows. The depth of the sands and gravels 
beneath the river is not known.

White Rock Canyon. This canyon begins south of Espanola Valley, 
at a point where the Rio Grande enters a narrow gorge about 20 miles 
in length. The canyon owes its existence to sheets of hard igneous

a Twenty-first Ann. Kept. U. S. Geol. Survey, pt. 4,1899-1900.
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A. FACE OF TERRACE WEST OF CABALLOS MOUNTAINS. 

Showing stratified sand and gravels overlain by rhyolitic tuff.

. ALBUQUERQUE VOLCANOES AND LAVA FLOW.

Lower terrace, 300 feet above the river, in the foreground. Lava flow, capping the detritus, 800 feet
above the river.
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GEOGRAPHY, CENTBAL ABEA. 13

rock, which protect the underlying sands and gravels. West of the 
river this rock is principally light-colored rhyolite, the color of which 
suggested the name White Rock Canyon, but east of the river it is 
basalt, of which there are two sheets, separated by a few feet of sand. 
The structure is indicated in a general way in fig. 2 and PL IV, B.

Near the mouth of the canyon a stream entering the Rio Grande 
from the east has carved a gorge, exposing about 400 feet of basalt. 
This gorge (PL IV, B}, although comparatively small, illustrates the 
rugged character of the topography in the vicinity of White Rock 
Canyon.

Santo Domingo Valley. This valley extends from the mouth of 
White Rock Canyon to a point 7 miles south of the Indian pueblo of 
Santo Domingo. It is 1 to 3 miles wide and contains about 13,000 
acres of bottom land, which is owned mainly by the Santo Domingo 
Indians and has been irrigated by them for many years. The greater 
part of this land lies only a few feet above the bed of the river and is 
subject to frequent overflow.

San Felipe Canyon. This is a short gorge separating Santo Do 
mingo Valley from Albuquerque Valley. The canyon walls are com 
posed of unconsblidated sand and gravel, capped by sheets of basaltic 
lava.

Albuquerque Valley. This valley extends from San Felipe Canyon 
southward to Isleta, where it narrows on account of the basaltic lava 
which extends thence westward over a large part of the Sandia Mesa. 
The valley is about 35 miles long and 1 to 5 miles wide and comprises 
an estimated area of 70,000 acres of bottom land. It is terminated 
abruptly on either side by steep bluffs of sand and gravel forming 
the terraces previously described. The bluffs west of the valley con 
sist of sand and clay, capped in places by sheets of basalt. Those to 
the east are. composed of stratified sand overlain by coarse unstratified 
gravels separated from the underlying sands by erosional uncon 
formities.

Isleta Narrows. The constriction through which the river flows at 
Isleta is not properly a canyon. The broad Albuquerque Valley here 
narrows on account of the presence of the hard igneous rock of Isleta 
Volcano, an extinct volcanic cone west of the town. The lava occurs 
not only in the bluffs west of the river but extends nearly across the 
valley at the town of Isleta.

Belen Volley. This valley, so named from the principal town 
within its area, extends from Isleta to San Acacia, a distance of about 
45 miles, and contains an estimated area of 65,000 acres of bottom 
land. The Rio Puerco and the Arroyo Salado, the two largest tribu 
taries of the Rio Grande, join the river in this valley. The Rio 
Puerco flows across the broad stretch of unconsolidated and hori 
zontally bedded sand and gravel, locally known as Albuquerque Mesa.
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14 WATER EESOUECES OF EIO GEANDE VALLEY,, N. MEX.

It is a sluggish, muddy stream, practically impassable on account of 
quicksand, except at times of low water. The Arroyo Salado enters 
the valley through a canyon in the partly consolidated and upturned 
Tertiary strata illustrated in PI. V, A.

San Acacia Gorge. This is the narrows at the southern end of 
Belen Valley. The mesa east of the river near San Acacia is covered 
by a sheet of basalt, which originally extended farther northwest 
ward across the present course of the Rio Grande. The river has cut 
thru an arm of this lava sheet, making a short narrow gorge, the 
walls of which, about 250 feet high, are composed of sand and gravel, 
protected by the cap of igneous rock.

The portion of lava left west of the river is less than one-half mile 
in length. West of this, and 75 feet higher than the river level, is a 
wide sand and gravel plain, which evidently marks the course of the 
Rio Grande previous to the time the river broke through the lava at 
the gorge. Still farther west the beds of loose sand and gravel give 
place to the Tertiary sediments shown in PL V, B.

Socorro Valley. This valley, so named from its principal town, 
extends from San Acacia Gorge southward to San Marcial, a distance 
of about 40 miles, and includes an estimated area of about 60,000 
acres of bottom land. It is similar to Albuquerque and Belen val 
leys, except that the mountains on its sides are nearer and the cor 
rugated detrital slopes correspondingly steeper and more eroded than 
those bordering the valleys previously described.

Engle Valley. This valley extends from San Marcial to Elephant 
Butte, a distance of about 40 miles. This valley differs from the 
others described in being very narrow, as shown in PI. I, and in its 
lack of bottom land. The northern half has been described and 
mapped as a reservoir site. a From this map it appears that the 
contour marking elevations 100 feet above the river incloses a strip 
of land varying in width from about 800 feet to 2 miles. The south 
ern half of the valley is somewhat wider in places. According to the 
reports of the United States Reclamation Service the maximum area 
to be submerged in the Engle reservoir, described on pages 26-29, 
is about 38,400 acres, contained in a strip 40 miles long and about 
1J miles in average width.

Altho Engle Valley is cut in detritus, it is not so broad as the valleys 
to the north and to the south. West of the rock hills, near Elephant 
Butte, the detrital beds extend continuously southward (PI. VIII) 
and seem to present an easy passage for the river, but it does not fol 
low the course thus afforded.

Elephant Butte Canyon. A few miles north of Elephant Butte the 
river leaves the detrital beds and enters a narrow rock canyon, which

a Twelfth Ann. Kept. U. S. Geol. Survey, pt. 2, p. 203.
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GEOGKRAPHY, CENTEAL AEEA. 15

it occupies thence southward to the end of the Caballos Mountains. 
This canyon is described in detail as the Engle dam site (see pp. 
26-29) and need not be further discussed in this connection.

Las Palcrmas Valley. This valley, extending from Elephant Butte 
to Rincon, a distance of about 50 miles, is much broader than Engle 
Valley. The bottom lands form a -part of the irrigable area, 26,000 
acres in extent, under the proposed Engle reservoir. The terrace 
bluffs bordering this valley are especially conspicuous. West of the 
river they consist of well-stratified sands and gravels, but east of the 
valley they are more varied in both form and composition, containing 
not only stratified sand and gravel, but volcanic tuffs, as shown in PI. 
II, A.

Selden Canyon. This canyon, extending from Rincon to the head 
of Mesilla Valley, a distance of about 18 miles, is not so uniformly nar 
row as some of the other canyons. At some places, as at Penasco 
Rock, where a dike crosses the course of the river, the canyon is nar 
row. At other places it broadens to considerable dimensions. It 
contains about 8,000 acres of bottom land.

MesiUa Vattey. This is the largest of the erosion basins of the Rio 
Grande region, extending from old Fort Selden southward to The 
Pass, a distance of about 50 miles. It has a maximum width of 8 
miles and includes about 150,000 acres of bottom land, of which 
100,000 acresiare irrigable. It contains the principal body of land to 
be irrigated from the proposed Engle reservoir, and has been surveyed 
in detail by the United States Reclamation Service, as shown hi PI. X. 
The valley is cut in the unconsolidated sand and gravel, typically 
exposed in the bluffs, 300 feet or more in height, bordering La Mesa 
on the west.

As in the Elephant Butte region, the detrital bed in which Mesilla 
Valley is cut extends uninterruptedly southward, west of the rock 
hills near El Paso; but the river, instead of following this seemingly 
easy course, abandoned the detrital bed and cut a canyon through the 
hard rock ridge at El Paso.

El Paso Canyon. This is a rock gorge through which the Rio 
Grande, formerly a stream of the interior basin region of New Mexico 
and Mexico, past and became thenceforth a part of the Gulf drain 
age. The character of this canyon and its relation to the mountain 
ridge and th& ancient course of the river La Mesa is indicated hi 
section A-A of PI. III. Rock terraces at the same altitude as the sur 
face of La Mesa indicate that after the river had formed a graded 
surface over the region, principally by building up its course, it found a 
way across the rock ridge at The Pass. The epoch of erosion that 
followed was not of sufficient duration to cut more than the narrow 
canyon in the hard rock of The Pass, although the broad Mesilla Valley 
was excavated at the same time.
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16 WATER RESOURCES OF RIO GRANDE VALLEY, N. MEX.

El Paso Valley. This valley is similar to Mesilla Valley in being a 
broad basin cut in unconsolidated sand and gravel. It lies outside of 
the Territory of New Mexico, and is therefore not properly included in 
this paper, although it contains part of the land included in the Rio 
Grande reclamation project. The valley has been described by Rich 
ardson a and by Slichter.5

GEOLOGY.

INTRODUCTION.

No attempt is made to discuss the geology of the Rio Grande 
region further than is necessary to give an understanding of the 
physical conditions likely to affect the storage of the surface waters 
and the occurrence and development of the underground waters; but 
in order to describe these conditions some knowledge of the rocks is 
necessary. Three kinds of rock are recognized in this report. The 
first consists of granites, gneisses, and consolidated sediments, 
including sandstones, limestones, and shales. The second consists of 
unconsolidated sediments or detritus of comparatively recent origin, 
including river sands and gravels and mountain wash. The third 
comprises effusive rocks, mainly of Tertiary and Quaternary age.

ROCK FORMATIONS. 

CONSOLIDATED SEDIMENTS.

The older sedimentary rocks of the Rio Grande region include 
strata that range in age from Algonkian to Cretaceous and that are 
well exposed throughout the area described. ' These, together with the 
underlying granites, form the rock basins that contain the water 
bearing formations and to some extent are themselves water bearing. 
The consolidated sediments have special importance near Elephant 
Butte, where the Rio Grande cuts a sharp gorge through them at the 
Engle dam site, and near El Paso, at the site of the proposed Inter 
national dam.

UNCONSOLIDATED SEDIMENTS.

Unconsolidated material, consisting of clay, sand, and water-worn 
gravel, occurs generally in the lowlands along the river, in the terraces 
on either side of the Rio Grande Valley, in the central part of the 
Jornada del Muerto, and in La Mesa, west of Mesilla Valley. The 
slopes lying between the river and the mountains consist largely of 
angular rock debris, derived as wash from the mountains.

The older detrital beds are partly cementecl, but the younger ones 
are wholly unconsolidated and allow water to pass freely through them.

a Richardson, G. B., Reconnaissance in trans-Pecos Texas: Bull. Univ. Texas No. 23, 1904, pp. 95-108. 
&Slichter Charles S., Observations on the ground waters of the Rio Grande Valley: Water-Sup, and 

Irr. Paper No. 141, U. S. Geol. Survey, 1905, pp. 9-51.
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U. S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER NO. 188 PL. IV

A. LAVA-CAPPED MESA AT SAN MARCIAL.

The sheet of basalt resting upon the sand and gravel is the edge of the great flow covering the north 
end of the Jornada del Muerto.

B. SIDE GORGE AT THE ENTRANCE TO WHITE ROCK CANYON, NEAR ESPANOLA DAM SITE. 

Showing columnar basalt in the foreground, and the rhyolite west of the river in the background.

TX_MSJ_002223



TX_MSJ_002224



GEOLOGY, IGNEOUS ROCKS. 17

The detritus has a great, though unknown thickness. A well at Santa 
Fe penetrates it nearly 1,000 feet; another at Sandia, N. Mex., 893 feet; 
one at Lanark, west of Mesilla Valley, 945 feet; and one in a neighbor 
ing basin,a near El Paso, 2,285 feet, but in none of these wells has bed 
rock been reached. Where the older and partly cemented beds have 
been upturned and exposed to view in Arroyo Salado, they have an 
observed thickness of several thousand feet. Their character is indi 
cated in PL V, A, B. The younger or uncemented sands and gravels 
are well exposed in the terraces on either side of the river.

. IGNEOUS ROCKS.

The igneous formations that are important in a discussion of the 
water supply are principally of Tertiary and Quaternary age, and 
occur in the form of massive flows, beds of tuff, volcanic necks, dikes 
and sheets, and crater cones. The older effusive masses, consisting of 
andesites, rhyolites, and other rocks closely related to these, occur in 
more or less isolated masses at many places throughout the Rio Grande 
region and are perhaps best represented by the thick beds of tuff on 
the eastern slope of the Jemes Mountains in the northern part of the 
Rio Grande region, by the Socorro Mountains and Cerro Magdalen in 
the central part, and by the Dona Ana Hills in the southern part. 
Their formation antedates the accumulation of at least the upper 
part of the detritus as fragments of the rock are contained in the 
detrital beds.

The younger igneous rocks consist of dark-colored basalts, occurring 
mainly in sheets capping the detritus and in crater cones which retain 
their original form in great perfection, as shown in PL VI, A. Basaltic 
rock also occurs in dikes and volcanic necks penetrating the older 
rocks. Among the more conspicuous sheets capping the detritus may 
be mentioned those west of Santa Fe, through which the river has 
eroded White Rock Canyon, those covering parts of the mesa west of 
Albuquerque (see PL II, B), the San Marcial flow (see PL IV, A,) and 
the basalt flows of La Mesa west of Mesilla Valley. The dikes and vol 
canic necks become important in the vicinity of the Engle reservoir 
(PL IX), where they will probably supply building stone for the 
proposed dam.

STRUCTURE. 

GENERAL CHARACTERISTICS.

The geologic structure of the Rio Grande region is complicated, and 
much detailed investigation is necessary before it can be adequately 
described. The main structural features, however, are known in a 
general way. Great synclines, such as the Jornada del Muerto, occur,

o Richardson, G. B., Reconnaissance in trans-Pecos Texas: Bull. Univ. Texas No. 23,1904. p. 96, 

IRR 188 07  2
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18 WATER RESOURCES OF RIO GRANDE VALLEY, N. MEX.

and monoclinal mountains, formed by faulting and the tilting of crust 
blocks. The rocks thus flexed and faulted are mainly of pre-Tertiary 
age, but the Tertiary beds are strongly upturned in places, indicating 
that some crustal movement took place after these beds were formed. 
(PL V, A). The older valleys of erosion and the troughs formed by 
the tilted blocks have been partly filled with unconsolidated detritus 
consisting of sands, waterworn gravels, and angular mountain wash.

EASTERN BORDER.

The eastern part of the Rio Grande region is occupied by the Rocky 
Mountain uplift, which extends through central New Mexico. The 
southern end of the Rocky Mountains, terminated at the south by 
Glorieta Pass, is a granitic mass upon which lie strata that dip away 
from it to the east, south, and west. But south of this pass the 
underlying granite is covered, more or less completely, with sedimen 
tary rocks dipping in various directions. The strata of Glorieta Mesa 
incline toward the south, and those of the Sandia Mountains, the 
Manzano Range, and Sierra Oscura toward the east. The strata of 
Chupadera Mesa are nearly horizontal, while those of the San Andreas 
Range and the Organ and Franklin mountains dip toward the west. 
Numerous faults occur, with displacements measured in hundreds of 
feet and several with displacements of thousands of feet.

WESTERN BORDER.

The western part of the Rio Grande region is less mountainous than 
the eastern part, and a greater proportion of it is covered with detri 
tus, which obscures the structure to a large extent. In the Rio 
Puerco Valley strata dip to the east and are believed to pass beneath 
the Rio Grande Valley, while strata of the same geologic age occur in 
the Sandia Mountains, several thousand feet above the Rio Grande 
Valley, the difference in elevation being due to faulting along the 
western face of the Sandia Mountains and the eastward tilting of the 
Sandia block, as indicated in section D-D of PL III. On the other 
hand, the crust block forming Sierra Ladron, a few miles south of 
Rio Puerco, has been tilted steeply to the west.

In the western part of the region many of the mountain groups, 
such as Jemes and Socorro mountains and Cerro Magdalen, are 
composed principally of effusive rock.

CENTRAL AREA.

The structure of the Rio Grande region is best shown in the central 
portions, where the river has removed the detritus in many places, 
exposing the consolidated rocks. The Caballos and Fra Cristobal 
ranges, forming the western limb of the Jornada syncline, are cut off

TX_MSJ_002226



U. S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER NO. 1»8 PL. V

K-W. -   jf J' ^-_ "> - 
F  ' ' m* tsfJfc* *k«. .

TERTIARY STRATA IN ARROYO SALADO AT THE BASE OF SIERRA LADRON.

62§s*S^~-5^S?

 »=_;.   o," : -w-"
.- m^f*i» %*. JW*,-  

i' ,.?*-- -; J * 
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TOPOGRAPHIC DEVELOPMENT. 19

abruptly on the west by great faults which are plainly exposed and 
traceable forlongdistances. (See PL VII.) Cerro Robledo furnishes 
a characteristic type of structure. (See PL III.) East of the river 
Carboniferous limestone, dipping westward, passes beneath the Rio 
Grande Valley. The same limestone occurs in the hills to the west 
2,000 feet above the river, the difference in altitude being due to 
faulting and the tilting of the Cerro Robledo block.

Displacements by faults much greater than that at Cerro Robledo 
are evident at a number of places. The western face of the Caballos 
Mountains (see PL VI, B) and the Fra Cristobal Mountains (PL VII) 
are fault scarps, and Cerro Cuchillo is an excellent example of a tilted 
block. With the exception of the Jornada del Muerto, the Rio Grande 
region may be properly said to consist of a series of block mountains 
with troughlike depressions intervening between them.

TOPOGRAPHIC DEVELOPMENT. 

EROSION.

Altho the elevations and depressions constituting the Rio Grande 
region are due principally to crustal deformation, the topography has 
been -more or less modified by erosion and deposition. Many of the 
mountain slopes are precipitous and show little modification by ero 
sion, as illustrated in the Caballos Mountains. (PL VI, B.) Other 
slopes are comparatively mature. Along the eastern base of the 
Caballos and Fra Cristobal ranges, particularly in the vicinity of 
Engle, the stratified rocks dipping eastward beneath the Jornada 
have been practically base-leveled over a considerable area. Whether 
the base-level extends beneath the Jornada generally, as stated by 
Keyes/* or is local, can only be conjectured at the present time, as the 
older rocks within the syncline are exposed over a comparatively lim 
ited area, being for the most part buried to unknown depths by 
detritus.

SEDIMENTATION.

Tertiary. The older portions of the detritus contained in the rock 
basins consist of well-stratified beds 'of sand, gravel, and mountain 
wash, more or less faulted in places and otherwise disturbed by 
crustal movements. They are undoubtedly of Tertiary age. In 
other places sediments, apparently of Tertiary age, are not separable 
at present from the younger or Quaternary deposits.

Quaternary. The unconsolidated sands, gravels, and "wash" cov 
ering the greater part of the Rio Grande region is of Quaternary age 
and occurs in at least two distinctly separable formations. The more 
extensive one, locally known as the mesa gravels, occurs in the ter 
races along the river and forms the corrugated slopes lying between

o Keyes, C. R., Water-Sup, and Irr. Paper No. 123, U. S. Geol. Survey, 1905, p. 25.
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20 WATER RESOURCES OF RIO GRANDE VALLEY, N. MEX.

the river and the bordering mountains. The second occurs in the 
flood plains in all of the erosion basins previously described. IT: the 
Jornada del Muerto and La Mesa the sand and gravel beds belonging 
to this formation are not dissected by erosion, but lie practically as 
they were deposited, at an altitude 300 to 350 feet above the present 
bed of the river.

The mesa gravels originally filled the basins to altitudes repre 
sented by the terraces, and in them the erosion basins were cut. The 
depth to which these were excavated and later filled is not definitely 
known, but the general relations of the various gravel beds to each 
other and to the rock basins containing them are illustrated in fig. 1.

TERTIARY AND QUATERNARY HISTORY. 

SURFACE DEFORMATION AND FIRST VOLCANIC ERUPTION.

The crustal movements that produced the structural and geo 
graphic features described began at the commencement of or some 
time during the Tertiary period with the formation of monoclinal 
mountains and troughlike intermontane valleys. About the same

FIG. 1. Sketch section illustrating the detrital deposits of Rio Grande Valley, r, Rock basin; c, 
detritus of the higher terrace: u, detritus of the lower terrace; /, flood-plain deposits.

time great masses of andesite and rhyolite were extruded, remnants 
of which are now found in the Jemes Mountains, the Socorro Moun 
tains, the Dona Ana Hills, and elsewhere. This deformation and 
volcanic activity evidently occurred late in the Tertiary period, as 
Tertiary strata are upturned and in places intersected by rhyolite.

FIRST ACCUMULATION OF GRAVELS.

The structural troughs between the tilted mountain blocks formed 
natural lodgment areas for sediment. It can not be state$ at present 
whether the sediments are partly of lacrustrine origin or wholly 
subaerial, nor is their maximum thickness known, but well records 
indicate a thickness of thousands of feet. The material exposed in 
the terraces and penetrated by the shallow wells, consisting mainly of 
coarse sand and gravel, is presumably of river origin, but some of the 
deep wells penetrate thick beds of sandy clay, possibly of lacustrine 
accumulation. The surface of this first gravel accumulation is pre 
served in a number of places, where it forms the upper terrace, 800 
feet above the river, described on page 11.
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A. SANDIA VOLCANO, WEST OF ISLETA, N. MEX. 

A volcanic cone of recent origin, composed of basaltic cinders.

B. CABALLOS MOUNTAINS. 

Showing the western escarpment and the corrugated alluvial slope at its base.
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TERTIARY AND QUATERNARY HISTORY. 21 

SECOND VOLCANIC ERUPTION.

After the depressions had been filled to altitudes represented by the 
upper terrace, extensive sheets of basalt were outpoured over the 
sands and gravels. In the lava fields west of Santa Fe, and in those 
near Bernalillo, two sheets of basalt occur, separated by a few feet of 
gravel, as shown in fig. 2. West of Albuquerque (PL II, B), and also in 
the extensive lava fields west of Isleta, the older sheets apparently 
belong to this epoch of eruption, and it is probable that many of the 
older masses' of basalt in other parts of the Rio Grande region were 
extruded at about the same time.

FIRST EPOCH OF EROSION.

The second volcanic eruption was apparently accompanied by some 
change, possibly climatic, which caused the Rio Grande to erode its 
channel. During this epoch the river probably flowed through the 
Jornada del Muerto south of San Marcial, across La Mesa west of El 
Paso, and southward into the basin region of northern Mexico, eroding 
a valley 10 to 20 miles wide.

Ancient course of the Rio Grande. Many facts point to the infer 
ence that the ancient course of the Rio Grande was not the same as its 
present course south of San Marcial. Some of the data leading to 
this inference have been given and others will be presented in the 
following paragraphs. Briefly stated, the facts are these:

The Jornada and La Mesa have the geographic position, form, sur 
face elevation, and gradient that would be expected in a debris-filled 
valley; they contain unconsolidated sands and gravels as deep as wells 
have penetrated; their surface elevations and gradients indicate that 
they are parts of a graded surface' that formerly extended throughout 
the Rio Grande region and is now represented north of San Marcial by 
the low terrace previously described, this ancient surface having the 
same gradient as that of the river at the present time.

At the point where the river leaves this old valley the surface is 
covered by an extensive basalt flow (the San Marcial lava sheet, 
covering about 160 square miles) resting on sand and gravel beds. 
The lava is not eroded at the surface and is covered only by wind 
blown sand. Large quantities of loose shifting sand lie immediately 
north of the lava beds.

Engle and Las Palomas valleys are much narrower than the other ero 
sion basins, and are cut in detritus which contains gypsum in places. 
The beds are cemented.to some extent, and are associated with rhyo- 
lite, presumably much older than the basalt and its underlying detri 
tus at San Marcial.

The measure of consolidation, presumably due to difference in age, 
is indicated in the size of the erosion basins. While the river cut can-
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22 WATER RESOURCES OF RIO GRANDE VALLEY, N. MEX.

yons in hard rock it excavated narrow valleys in the cemented detri 
tus west of Caballos and Fra Cristobal mountains and broad basins 
like Socorro and Mesilla valleys in the unconsolidated detritus to the 
north and south.

From these facts the inference is drawn that the ancient Rio Grande 
flowed through the Jornada and La Mesa into the interior basin of 
Mexico, and that in comparatively recent geologic time changes 
occurred which turned it out of its valley and away from the interior 
basin toward the Gulf of Mexico.

SECOND ACCUMULATION OF GRAVELS.

During.the second epoch of deposition the river filled its valley with 
sand and gravel to the grdde represented by the lower terrace (uu of fig. 
1) and by the surface of La Mesa and the Jornada del Muerto. In Lft 
Mesa the ancient valley is about 20 miles wide and the filling is mainly 
fine sand near the surface and somewhat coarser sand and gravel be 
neath. In the Jornada del Muerto the filled valley is. narrower and 
the material is coarser, many of the pebbles having a diameter of sev 
eral inches. In Albuquerque Valley the quantity of filling during this 
epoch is much less than in La Mesa and the Jornada, and is best rep 
resented by the coarse gravel deposits of the bluffs near Albuquerque. 
Still farther north, in Santo Domingo Valley, near the northern end of 
the Rio Grande region, the deposits are very limited, and the river 
here was apparently employed mainly in broadening its valley. 
  The graded surface formed by the river during this epoch was one 
mainly of erosion in Santo Domingo Valley, where a broad shelf was 
cut 500 feet below the surface of the older gravels; one formed partly 
by erosion and partly by deposition in Albuquerque Valley; and one 
mainly of deposition in the Jornada and La Mesa. Throughout the 
Rio Grande region this surface, represented now by the terraced 
bluffs, is about 300 feet above the river, except where it has been cut 
down by later erosion.

THIRD VOLCANIC ERUPTION.

Near the close of the second period of sedimentation extensive vol 
canic disturbances occurred throughout the Rio Grande region, result 
ing again in the outpouring of great sheets of basalt. The most con 
spicuous of these are near San Marcial (PI. IV, A) and on La Mesa west 
of Mesilla Valley. The San Marcial flow, covering about 160 square 
miles, was outpoured on the Jornada del Muerto, then occupied by the 
Rio Grande, and probably created a dam that formed a temporary 
lake in which were accumulated the great quantities of sand found oil 
the Jornada north of the lava sheet.
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A. WESTERN FACE OF THE FRA CRISTOBAL MOUNTAINS. 

Showing two faults, a and b.
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TERTIARY AND QUATERNARY HISTORY. 23 

DIVERSION OF THE RIO GRANDE.

There is no evidence that the river ever flowed over the San Mar- 
cial lava sheet. The surface of this sheet is not eroded and, so far as 
observed, is devoid of foreign matter except a small amount of wind 
blown sand. The volcanic dam, aided possibly by surface movements 
accompanying the volcanic eruptions, evidently diverted the river 
from its old valley in the Jornada to a new course for a distance of 
about 100 miles west of the Caballos and Fra Cristobal mountains. 
At Dona Ana it returned to the old debris-filled valley, which it crossed 
diagonally and abandoned again at El Paso.

Several phenomena which otherwise are difficult to explain are 
made clear by a recognition of this change in the course of the 
river.

First, as previously stated, the surface of the Jornada between San 
Marcial and Mesilla Valley has an average gradient of 4.5 feet per 
mile, which is practically the gradient of the river at the present 
time.

Second, the detrital beds cut by the river west of the Fra Cristo 
bal and Caballos mountains are associated with rhyolite, apparently 
extruded at the same time as the rhyolites previously described as of 
Tertiary age, indicating that the detritus is older and probably more 
difficult to erode than the loose sands and gravels that were deposited 
later.

Third, near Rincon, and again in Selden Canyon, gypsum was noted 
in the detrital beds, but nowhere was any indication of gypsum found 
in the mesa gravels referable to the epoch in which the Jornada and 
La Mesa were filled.

Fourth, as previously stated, Engle Valley is much narrower than 
the other erosion basins formed at the same time as, for example, 
Mesilla and Belen valleys, whieh have been excavated from river sands 
and gravels known to be of recent origin. This difference is due, no 
doubt, to the greater resistance to erosion of the older detritus.

SECOND EPOCH OF EROSION.

The volcanic eruptions and the change in the course of the river 
were followed by a second epoch of erosion. In again eroding a val 
ley, the river worked principally in the unconsolidated sands and 
gravels previously deposited, excavating the erosion basins, but at a 
number of places where it had wandered from its old course it cut its 
channel in hard rock, forming the various canyons. The result is the 
succession of comparatively broad basins and short rock canyons that 
characterize the Rio Grande region.
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ACCUMULATION OF SILT.
 

The second epoch of erosion was followed by the deposition of the 
silt and sand that now form the flood plains of the erosion basins. 
The depth of this third valley filling is not great-. Borings indicate a. 
maximum depth of 85 feet at the International dam site in El Paso 
Canyon and of 72 feet at the Engle dam site, near Elephant Butte. 
The depth within the basins probably does not differ greatly from 
that in the canyons, but this can not be stated positively.

The well records" given in the section on underground waters indi 
cate that the mesa gravels (uu of fig. 1) are probably encountered at 
depths of 30 to 80 feet. The first " cemented* sand " in the Albuquer 
que well (p. 34)- is presumably a hardened layer of the Tertiary beds, 
and the gravel beds in the Mesilla Valley wells (pp. 41-46), encountered 
at depths of 30 to 75 feet, are interpreted as belonging to the mesa 
gravels. The depth of flood-plain deposit thus indicated corresponds 
well with the known depth of filling in the canyons.

The deposition of sand and silt in the erosion basins causes frequent 
changes in the course of the river, so that bayous, sloughs, arid oxbow 
lakes are common in the bottom lands. This is well illustrated in 
Mesilla Valley (PL X), where many abandoned courses occur, particu 
larly near the southern end, some still occupied by streams and others 
nearly filled with silt. A characteristic change in the channel of the 
river occurred in 1905 near the head-gate of Las Cruces canal, at 
the northern end of Mesilla Valley. During the spring fldods of that 
year the river broke through the narrow neck of land on the western 
side of the valley, leaving the head-gates about a mile from the new 
channel.

B. M. Hall, supervising engineer of the United States Reclamation 
Service, in charge of the Rio Grande project, has made computations 
of the amount of silt carried by the Rio Grande. He arrives at the 
conclusion that the river carries, on the average, 14,580 acre-feet of 
mud a year, or enough when dry to cover 14,580 acres 1 foot deep. 
The computation, although made for the purpose of estimating the 
time required to fill the reservoirs with mud, is useful in this con 
nection in indicating the possibilities of rapid accumulation wherever 
opportunity is offered.

During times of flood the river naturally carries its maximum 
amount of silt, which is thus admitted to the sloughs and overflow 
districts and gradually fills them to the common level of the flood 
plain. A similar action takes place in the irrigation ditches, which 
rapidly fill with silt. Some of the older ditches have thus been built 
up many feet above the level at which they were originally con 
structed.
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RESERVOIR SITES. 

INTRODUCTORY STATEMENT.

The alternation of erosion basins and rock canyons in the Rio 
Grande Valley is especially favorable for the construction of reser 
voirs and the conservation and use of the flood waters of the river. 
Available dam sites occur in the canyons, while the broad basins are 
suitable for storage reservoirs or for irrigation, according to location 
and character. Several reservoir sites have been selected and the 
two most promising ones the International reservoir, at the south 
ern end of the region, and the Engle reservoir, west of the Fra Cristobal 
Mountains have been investigated in detail.

INTERNATIONAL RESERVOIR.

  The proposed International reservoir is located at the southern end 
of Mesilla Valley and was designed by its promoters to store water to 
be used in El Paso Valley, which lies partly in Texas and partly in 
Mexico. The dam site is in the canyon about 4 miles north of the 
city of El Paso.

El Paso Canyon is a narrow gorge carved in solid rock, consisting of 
Lower Cretaceous sediments and eruptive rocks. The strata have 
been considerably fractured and faulted. Rodadero Peak, to the 
west, has a granitic core overlain by highly inclined Lower Creta 
ceous sandstones, shales, and limestones. East of the river the strata 
lie more nearly horizontal, while in the Franklin Mountains, still 
farther to the east, strata older than Cretaceous dip steeply to the 
west. The shattered and faulted state of the rock is apparently the 
only geologic condition unfavorable to El Paso Canyon as a good 
dam site. The gorge is narrow, the rock abutments are firm, and the 
depth to bed rock in the channel is not prohibitive, as it is found at a 
maximum depth of little more than 80 feet. The site has been 
described in detail in the report of the International (Water) 
Boundary Commission/*

Although'the dam site of the proposed reservoir is a good one, 
geologic conditions are not favorable to the successful storage of 
water in the^ southern part of Mesilla Valley. As previously pointed 
out, the old gravel-filled valley of the Rio Grande passes southward 
into Mexic® west of Rodadero Peak. The water of the reservoir 
would be ihipounded in the basin eroded from the unconsolidated 
gravels of the old valley fillings and would undoubtedly escape to some 
extent through these gravels until such time as they might become 
impervious from silting. It is an open question how much time would 
elapse before this silting would become effective in preventing leakage.

^Proceedings International (Water) Boundary Commission, United States and Mexico, 1903; vols.l 
and 2.
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ENGLE RESERVOIR. 

LOCATION.

The proposed Engle reservoir site is located in Engle Valley, west of 
the Fra Cristobal Mountains, and is best reached from Engle, a small 
town on the Atchison, Topeka and Santa Fe Railway. The site of 
the proposed dam is in the rock canyon near Elephant Butte, a large 
volcanic neck standing near the river, as shown in PI. IX.

ROCK FORMATIONS.

The rocks near the proposed reservoir are of several kinds. In the 
mountains, a few miles distant, there are pre-Cambrian granites over 
lain by Paleozoic and Mesozoic sandstones, shales, and limestones, 
and in the valleys there are Tertiary and Quaternary sands, gravels, 
and eruptive rocks. The rocks that will probably be of economic 
importance in building the proposed dam are the Carboniferous lime 
stones and shales of the Caballos Mountains, the Cretaceous sand 
stones forming the abutments of the dam and comprising the greater 
part of the area mapped in PI. VIII as "rock," also shown in the fore 
ground of PI. IX, and the basaltic rock found in Elephant Butte and 
in the dikes of that vicinity, as well as in the lava flows and crater 
cones on the Jornada to the east, shown in the distance in PI. IX.

The unconsolidated sands and gravels of Tertiary and Quaternary 
age are mainly of negative importance, since they form the floor and 
confining walls of the reservoir and endanger leakage.

STRUCTURE.

The geologic structure in the vicinity of Elephant Butte has been 
described in a general way under the heading "Central area " (pp. 9-16), 
where it is shown that the face of the Fra Cristobal and Caballos 
mountain ranges (see PI. VII) are due to faulting and that the detri- 
tal valleys are due to the filling of the troughs thus formed with rock 
debris. The structure is illustrated in detail in the Elephant Butte 
area, a map and cross section of which are given in PI. VIII. The 
fault at the western base of the mountains passes through this region, 
separating the unconsolidated detrital beds to the west from the rock 
formations to the east. The rocks, consisting mainly of Upper 
Cretaceous sandstones and shales, are more or less fractured near 
the fault and incline in a general easterly direction, the dip varying 
from about 10° to 90°.

The high lava-covered surface, shown at the right in the section 
PI. VIII and in the distance in PI. IX, is the western edge of the Jornada 
del Muerto. About 300 feet below this level and 150 feet above the 
river a broad terrace is cut in the sandstones east of the fault line and in
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GEOLOGIC MAP OF ELEPHANT BUTTE REGION.

Showing the areal distribution of the rocks, the fault line between consolidated rock and detritus, and the superimposed course of the
Rio Grande.
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ENGLE RESERVOIR, SPILLWAY. 27

the detrital beds west of the fault. This terrace is traceable through 
out the length of Engle and Las Palomas valleys and is most conspicuous 
west of the river, where it forms a shelf several miles wide in places. 
It differs from the terraces illustrated in fig. 1 in being a surface 
mainly of erosion, probably formed at a time when the down cutting 
of the river was temporarily arrested, for some reason as yet unknown, 
during which time the river cut laterally, flowing in part over the rock 
and in part over the detrital beds to the west, crossing and recrossing 
the fault line. When the river resumed its down cutting it eroded a 
canyon partly in rock and partly in detritus, as shown in PL VIII, 
instead of taking the course to the west, where no hard rock would 
have been encountered.

SPILLWAY.

The ease with which erosion is accomplished in the detrital beds is 
well illustrated in the three oxbows formed west of the fault line, 
where the river passes from the rock into the detritus. The southern 
and middle bows are now only 2 miles apart and are separated by a 
ridge of detrital material already partly eroded away. The spillway 
of the Engle reservoir has been located tentatively in this depression. 
Considered from the topography alone the depression is an excellent 
location for a spillway, since the waters from the overflowing reservoir 
would escape at a point far enough away from the dam to insure the 
safety of that structure. The nature of the rock, however, mus^also 
be considered.

A small valley heading in the spillway at the summit of this ridge 
is indicated in PL VIII. The map was not completed to the south 
but a similar valley extends from the spillway southward to the bend in 
the river at the northern end of the Caballos Mountains. These val 
leys have been carved from the unconsolidated sediments by such 
temporary streams as result from the drainage of a very small area, a 
fact distinctly unfavorable to the location of the spillway of a great 
reservoir in material so easily eroded.

The proposed spillway is close to the fault line and it is possible that 
solid rock might be found at no great depth beneath the surface. In 
a small valley south of the spillway sandstones occur in a nearly ver 
tical position. But whether these are near enough to the surface to 
warrant the establishment of a spillway at the point proposed remains 
to be determined.

A spillway constructed near the dam might have the disadvantage 
of greater cost, since it would require the excavation of a considerable 
amount of hard rock, but the advantage of greater durability and the 
absence of danger from rapid erosion along the course of the over 
flowing waters would probably more than compensate the additional 
cost.
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CONSTRUCTIONAL MATERIALS.

Building stone. Several varieties of building stone are found within 
the Elephant Butte area. Massive limestones and red sandstones of 
Carboniferous age occur in the Caballos Mountains, "^He northern end 
of which is 1J miles distant from the site of the proposed dam. Mas 
sive sandstones of Upper Cretaceous' age occur at the dam site in the 
walls of the canyon. Field observations indicate that these will 
probably prove valuable for purposes of construction. But the 
strongest and most durable as well as the most accessible building 
stone is the basalt of Elephant Butte, which occurs close to the dam 
site. (PL VIII.)

Cement material. The problem of procuring cement for the con 
struction of the dam is important. Cement must either be hauled 
about 12 miles from the nearest railway station or manufactured near 
the dam site. Cement material is available in the Elephant Butte 
area. In the northern end of the Caballos Mountains, at the mouth 
of Mescal Canyon, limestone and shale occur in abundance. Samples 
of each were taken and were analyzed in the laboratory of the United 
States Reclamation Service at Berkeley, Cal. The samples were not 
selected by one familiar with the technical requirements of cement 
manufacture, and probably more suitable material may be found. 
The analyses of these samples, given below, must be regarded as pre 
liminary, but indicate that good cement materials may be found near 
the dam site.

Analysis of limestone from the northern end of Caballos Mountains. 

[C. II. Stone, analyst.]

Silica (SiO2) and insoluble matter.. 7. 94 
Alumina (A12O3) and ferric oxide

(Fe2O3) ....................... 0.80
Lime (CaO)...................... 44. 99
Magnesia (MgO) .................. 1. 23
Copper oxide (CuO)............... 0. 38
Potassa (K2O) ................... 0.09

Soda (Na2O)..................... 0. 28
Sulfur trioxide (SO3) .'............. 0. 30
Carbon dioxide (CO2) calculated to

combine with CaO........'...... 39. 29

95.30 
Moisture..................'...... 0. 11

Analysis of shale from the northern end of Caballos Mountains.

Silica (SiO2)..................... 63.74
Ferric oxide (Fe2O3) .............. 6. 44
Alumina (A12O3).................. 17. 33
Lime (CaO)...................... 5. 51
Magnesia (MgO)............ ..... 1.86

Soda (Na2O) ....................Undet.
Potassa (K2O) ...................Unde.t.
Sulfuric trioxide (SO3)............. Trace :
Ignition loss (H2O, CO2) ............

94.88

RATIONAL ANALYSIS.

Clay substance..................-.................-..---..-..-----.-..-- 27.20
Quartz -..........-..-..................--..-.-.-.----------.------------ 3.25
Feldspathic detritus..................................................... 69. 55
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SAN ACACIA AND SAN FELIPE EESEEVOIES. 29

The ratio-T^ ^ . 2* i r\ =2.6 is well within the limits of the ratio 12U3
>2.3 or <3,6. "fee MgO content is low, and the absence of SO3 makes 
this material one? of the purer clays, considered from a technical 
point of view.

Coal.   Coal htts been found in Mescal Canyon about 4 miles south 
of Elephant Butte. Where exposed at the surface1 the beds are only 
a few inches thick, but are associated with a considerable amount of 
carbonaceous shale. The coal is in the same formation that contains 
valuable deposits of coal at Carthage and other places farther north, 
but the prospects have not been developed.

SAN ACACIA RESERVOIR.

The narrow gorge at San Acacia is one of the proposed dam sites of 
the Rio Grande region. The broad Belen Valley, to the north, nar 
rows abruptly at this point on account of the sheet of basalt which 
here covers the detritus. Measurements made at this point by Mr. 
R. H. Chapman, of the United States Geological Survey, indicate that 
a dam 50 feet high would be 1,200 feet in length and would flood about 
18 square miles to an average depth of 25 feet, thus impounding about 
288,000 acre-feet of water. A higher but longer dam might be con 
structed, but the maximum possible height is less than 75 feet above 
the river bed, the limiting factor being the broad sand gap to the north 
west, the surface of which is about 75 feet above the river level.

Probably the most serious objection to San Acacia Gorge as a dam 
site is found in the nature of the rock. The hard basalt, which main 
tains the steep walls of the gorge, is a comparatively thin sheet resting 
on unconsolidated sand and gravel, cut by basalt dikes representing 
the vents .through which the material of the sheet was extruded. 
Judging from surface indications, there is little prospect of finding 
solid rock sufficiently near the surface to be useful as a foundation for 
a dam, and the loose gravels would probably allow serious loss of 
impounded waters by leakage.

SAN FELIPE RESERVOIR.

Little can be added to the published description 0 of this gorge as a 
reservoir site. The proposed dam would be 2,350 feet long .and would 
submerge only 1,511 acres. San Felipe gorge is similar to that at San 
Acacia in being formed by flows of basalt capping unconsolidated 
sands and gravels. At this point there are two flows of basalt sepa 
rated by a few feet of sand, as shown in the cross section of White

a Newell, F. H., Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 4, 1901, pp. 275-276.
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30 WATER RESOURCES -OF RIO GRANDE VALLEY, 1ST. MEX.

Rock Canyon, given in fig. 2. The material to an unknown depth 
beneath the lava sheet is sand and gravel, rendering the gorge unde 
sirable as a dam site.

ESPANOLA RESERVOIR.

The Espanola dam site, located at the head of White Rock Canyon' 
has been described a as consisting of clay beds in which blocks of basalt 
are embedded, the unconsolidated material extending indefinitely 
beneath the bed of the river. Near this site thick beds of rhyolite 
tuff, west of the river, and basalt, to the east, rest on the detrital beds, 
as shown in the section forming fig. 2 and in PI. IV, B. The absence

SvVoi°^0SSand°aricl°oraveI pV°-

FIG. 2. Section across White Rock Canyon near Espanola dam site.

of bed rock near the surface makes this locality of doubtful value as 
a dam site.

The proposed reservoir covers 5,437 acres and has a capacity of 
186,861 acre-feet.

WATER SUPPLY.

SURFACE WATERS. 

RAINFALL.

On account of the great differences in altitude of places that lie 
within short distances of one another in the Rio Grande region the 
amount of rainfall varies greatly from place to place, the mountain 
peaks serving as foci about which local storms gather. Few storms 
occur in which precipitation is uniform over a large area. The greater 
part of the rain falls as local showers close to the hills in which they 
originate. This fact is indicated quantitatively in the following table 
of rainfall, in which the stations nearest the hills show the greatest 
precipitation. At Santa Fe, situated at the base of the Ro'cky Moun 
tains, the average yearly precipitation is 14.56 inches, wThile at San 
Marcial, situated near the center of the Rio Grande region and far 
from high mountains, the average is 4.84 inches and the minimum 
is only 1.17 inches.

a Newell, F. H., Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 4,1901, pp. 265-269.
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SUKFACE WATERS.

TABLE 1. Rainfall in the Rio Grande region, New Mexico, in inches.

31

  Locality.

El Paso..............
Engle. ...............

Hillsboro.... ........

1896.

7.02
7.89

9 79
10.84
8.08

12.21
7.65
7.99

6.5.5
14.28

1897.

9.74
11.49

16.89

17. i3

8.96
11.74

20.40
10.61

1898.

5.82

14.38
7.78
9 30

10.54

11.21
11.13

I9 97

1899.

(7. 45)
6.89

7 30
7.72
6. 25

(11.59)

9.67

6.78

1900.

5.90
4.89

7 95
6.03

10.20

15. 89
7.05

1901.

7.7i
8.68
8.49

16 49

.......

1.17
17.41
10.06

1902.

4.94

6.64

10.60

1903.

5.83

8.02

10.29

. 
9.79

1904.

11.46
11.30

10.45
10.13

14 19

1905.

4.20

17.80

17.09

17.22
22.40

Aver 
age for 

the 
years 

re 
corded.

6.85
7.39
5.96

10.82
10.72
8.08

12.30
10.18
8.71

10.65
11.44
4.84

14.56
11. 57

General average for the Rio Grande region.
i

9.57

EVAPORATION.

Evaporation throughout the Rio Grande Valley greatly exceeds the 
rainfall. Records for only three years are obtainable, but these were 
made near the extremities of the region here considered, and probably 
represent adequately the evaporation for the entire area. The first 
was made at the International dam site near El Paso during the year 
1890. a Those for the years 1900 and 1903 were made at the Climato- 
logical Laboratory of the University of New Mexico at Albuquerque. 6

TABLE 2. Evaporation in the Rio Grande rsgion, in inches.

*

May................

July................

At Inter 
national 
reservoir 
site for 

1890.

2.0
2.0
7.0
7 3

9 c

At Albu 
querque 
for 1900.

2.63
6.17
6.82

11.78

At Albu 
querque 
for 1903.

1.81

5.21
10.05
10 98

At Inter 
national 
reservoir 
site for 

1890.

11.4
9.2
6.8
4.6
2 Q

84.8

At Albu 
querque 
for 1900.

10.21
8.00
4.38
1.73
1.40

77.87

At Albu 
querque 
for 1903.

11.73
9.65
6.62
4.21
1.88

87.90

Average for three years, 83.5.

DRAINAGE.

The drainage area of the Rio Grande north of El Paso, according 
to the reports of stream measurements made by the United States 
Geological Survey, is 38,000 square miles, of which 7,695 square 
miles lie north of Cenicero, Colo., leaving abqut 30,000 square miles 
as the area of the drainage basin within New Mexico.

The Rio Grande is mainly a flood-water stream and is subject to 
great fluctuations   in volume. Its permanent flow is slight and is

a Thirteenth Ann. Kept. U. S. Geol. Survey, pt. 3, 1890-91, p. 411.
6 Wejn;?irl, John, Bull. Hadley Climatological Laboratory, Univ. New Mexico, vol. 11, No. 10,1905, pp. 

5~~o.
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derived mainly from the mountains north and east of the area 
described. The tributaries within the Rio Grande region yield little 
permanent supply, although Galisteo Creek and Rio Puerco contribute 
small volumes of water during the greater part of the year. Man/ 
of the tributary channels carry small permanent streams near their 
heads in the hills, but the water in most of these sinks beneath the 
surface before reaching the river.

The floods that supply the greater part of the flow of the Rio 
Grande are of two general kinds, one due to the annual melting of 
snows in the mountains, often accompanied by general rain storms, 
the other due to local showers or "cloud-bursts." The first occur 
regularly, but those due to local showers are very irregular, both in 
volume and in time of occurrence. Sometimes the river bed is dry 
for several months and at other times it carries disastrous floods, 
the yearry discharge, for example, at El Paso, varying from 50,768 
to 2,011,794 acre-feet, or a proportion approximating 1:40.

The records of discharge kept by the Geological Survey since 
1897 at El Paso, San Marcial, and Ildefonso, and since 1899 at Ceni- 
cero, near the Colorado and New Mexico boundary, are as follows:

TABLE 3. Monthly discharge of the Rio Grande, in acre-feet. 

EL PASO, TEX.

Month.

July............

September.. ....

1897.

18, 754
10, 774
4,427

103, 537
511,088
362, 677
81, 770
8,116

41,950

67, 359
41,812

1, 360, 360

1898,

30, 129

97, 944

2,262

119
5,718

669,298

1899.

12, 912

7,071
8,807

0

430
0

119
2,828

1900.

8,110
5,680

460
300

93 100
70

0
16,483

0
738

1901.

' 278
4,502
3,669

0

77, 038
12, 576
60,655
21,005

7,993

363, 967

1902.

8,291
5,772

635
7,904

307
20

14,499
9,313

298
1,775

50,768

1903.

615
1,289

22, 602
49,468

586, 909
158,202

4,334
1,031 
2 033*298

2,440

1,032,844

1904.

972
387

0
0
0
0
0

7,398
10,959 

366, 486
48, 397
38, 182

472, 781

1905.

35,920
43, 309

188, 489
t97, 911

851,147
58,800
19,785
3,322 
4,225

25, 458
37,478

2,011,794

Total for nine years, 6,205,066; average for nine years, 689,452.

SAN MARCIAL, N. MJCX.

Month.

Mky. ...........

July............

September. .....

November ......

1897.

19, 553

212, 548

366, 426

6 149
114,188 
281,677
175, 715

2,215,257

1898.

59 425

271,458

167,062

4,641 
1,230

11, 722

964,677

1899.

27,854

27,546
54,089
35,048

QCO

28 407
6,' 395
2,916 

676
9,521 

21,828

1900.

oc noo
on of)*?

i *>** PIQO

123
0

73, 190

2,440 
10 084'

1901.

25 468

23,683

96, 178

ac CLOJ

37. 607

20,053

1902.

22,731
17,435

40, 106
26,787
6,407

49 210
13, 349 

823
4,641 

11,286

200, 729

1903.

17, 197
21 927
46,790

100,007
318, 367
660, 476

77,841
3,064
1,438 

545
5,534 

18,883

1,272,069

1904.

16,840
18,902
6,060

0
0
0

10,532
55,974
44,727 

463, 240
51,769 
41, 752

709,7%

1905.

39, 114
63,868

217, 904
279, 392
962, 221
714, 268
35, 782
20,093
5,276 
7,349

42, 397 
34, 344

2,422,008

Total for nine years, 9,168,966; average for nine years 1,018,774.
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TABLE 3. Monthly discharge of the Rio Grande, in acre-feet Continued. 

ILDEFONSO, N. MEX.

Month.

Mliy. ...........

July............

1897.

28,715
30,101

303, 113
702,254
366,128
97, 274
97 493

40,463
136,196
71,881
32,220

1,896,518

1898.

21, 705
24, 936
33,449
265,864
200,328

161,590

19, 279
21,890
35,583
39,168

1,086,933

1899.

26,009
35,599

176, 430
117,687
oq 7>i9

36,647

53,137
26,563
44 985
38,184

682, 344

1900.

36, 770
32,322
52, 818
51,531
211,517
m OQC

18,262

. oe: OOQ
OQ noo

707,472

1901.

24,410
36,543
45,624
83,425

319, 367
130,850
44, 824
50,850
34, 512
30,190
27 491

856,554

1902.

29,643
27,183
33,709
97,577
73,567

16,730
34,165'
28,790
17, 157

19,220

424, 342

1903.

23, 127
24,724
75,193
172,324
406, 612
709,468
136, 780
26,563
22,314
21,828
25,170
23,611

1,667,714

1904.

20,910
24,220
21,340
27, 310
24,160
17,020
15,130

*91,990
148,300
252,800
49,450
35,420

728,050

1905.

43,470
51,590
158,100
218,900
785,200
572, 700
53,740
38,680
23,150
25,950
37,960
37,940

2,047,380

Total for nine years, 10,097,307; average for eight years, 1,121,923.

CENIOERO, COLO.

Month.

May...........................

July...........................

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

Year.........................

1899.

(a)

(a)
(a)
(<*)
(a)
2,582
3,259
6,069
7,194

15, 412
19, 553

1900.

35,847
20,826

84, 734
1,783
1 3W

1,845
2,275
9,223

35,109

362, 304

1901.

36,524
32, 267
22,443
16,542

103, 299
61,408
5,041
3,689
2,975
3,320
4,284

20,721

312, 513

1902.

32,035
42,097
33,757

30,129
6,783
1,353
1,045
1,547
1,968
1,785
2,275

173, 518

1903.

1,537
1,388
2,091

18,684
123, 713
379, 339
72,432
2,890
5,355
3,935

12, 674
18,569

642, 607

1904.

18,820
23,990
7,563
9,104
1,322
1,208
1,076
8,608

11,660
97, 770
24,750
53,310

259, 181

1905.

59,640
66,370
53,490
44, 270

399,300
507,600

15,860
9,469
3,725
6,044

12,850
31,730

1, 210, 000

a No record. 

Total for six years, complete, 2,960,123; average for six years, 493,354.

UNDERGROUND WATERS.

The Rio Grande region embraces several more or less separate geo 
logic provinces and the underground-water resources may be most 
conveniently described by districts.

SANTA FE DISTRICT.

The Santa Fe district is located in the Rocky Mountains region on 
the Rio Grande north of Galisteo Creek. The strata, composed of 
partially consolidated sands, gravels, and beds of mountain wash of 
Tertiary age, dip to the west away from the mountains. The incli 
nation of the strata and their exposure in the region of greatest pre 
cipitation within the area described are favorable to the occurrence 
of artesian water.

Only two deep wells have been sunk in these deposits, and in neither
of them was water found under notable pressure. The first one,
drilled several years ago in search of artesian water, is 8 miles south
of Santa Fe. In this no surface flow was obtained. The second,

IER 188 07  3
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34 WATER RESOURCES OF RIO GRANDE VALLEY, 1ST. MEX.

drilled in 1905 at the Santa Fe Indian School, is a 12-inch well, 989 feet 
deep, and penetrates angular wash principally except for 75 feet of 
conglomerate encountered at a depth of 225 feet. Water was found 
at a depth of 100 feet and rose 44 feet, but its volume is small and the 
supply is easily exhausted by pumping. Water was also obtained in 
the 75 feet of conglomerate and in several thin gravel strata not 
recorded. This well is on comparatively high ground, its altitude 
being about 7^,000 feet, and near the eastern or highest part of the 
detrital formation. It is probable that on lower ground, nearer the 
river, water might be found under pressure sufficient to produce sur 
face flows. Water emerges from this formation as springs along the 
river at an altitude about 1 ; 500 feet lower than that at Santa Fe and 
along the lower reaches of Santa Fe Creek. At La Cienaga, 12 miles 
southwest of Santa Fe and about 700 feet lower, there are several 
springs of sufficient volume to irrigate a considerable tract of land.

Record of well, at Santa Fe Indian School.
- Feet. 

Mountain wash.......................................... 0-225
Conglomerate....................... ................... 225-300
Mountain wash.......................................... 300-989

ALBUQUERQUE DISTRICT.

The Albuquerque district may be considered as extending from 
Galisteo Creek southward to Isleta. The geologic formations, so far 
as they have been penetrated by wells, are composed of unconsolidated 
material and carry no water under pressure. Water saturates the 
flood-plain material to the level of the river and is found in abundance 
wherever wells penetrate to that level.

A few wells sunk on the "mesa" east of Albuquerque obtain water 
at horizons somewhat higher than that of the river. A well at the 
University of New Mexico," 1 mile east of Albuquerque, is 240 feet 
deep and contains water at a depth of 200 feet, ubout 20 feet higher 
than the river level, while the "military well," 7 miles east of Albu 
querque, contains water at a depth of 420 feet, or about 130 feet above 
the river level.

The deepest well in this district, 710 feet, is in Albuquerque, at the 
city waterworks. It is a 12-inch double-steel-cased well, to which 
water is admitted only below a depth of 350 feet. In addition to this 
deep well the water company owns seven 6-inch wells and one 12-inch 
well, each 291 feet deep, and a 65-foot dug well, from the bottom of 
which 25 pipes are driven to depths of 35 feet, the water being admit 
ted only from the bottom of these pipes, or 100 feet below the surface.

«Weinziii, John, Bull. Hadley Climatological Laboratory of University of New Mexico, vol. 10, 
1905, p. 12.
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All the wells together yield an average of 3,000,000 gallons a day, or 
2,083 gallons a minute.

The 710-foot well has been tested alone and yielded 600 gallons a 
minute, with a local depression of the water surface within the well of 
18 feet.

Record of the city waterworks well at Albuquerque, N. Hex.
Feet. 

Soil.................................................... 0- 10
Sand and coarse gravel................................... 10- 35
Clay................................................... 35-40
Sand and coarse gravel................................... 40- 7J.
Cemented sand......................................:... 71- 75
Clay................................................... 75-80
Cemented sand and bands of "sandstone".................. 80-179
Sand and gravel ...*...................................... 179-185
Clay................................................... 185-189
Cemented sand and clay-.................................. 189-243
Yellow clay............................................. 243-292
Cemented sand.......................................... 292-320
Yellow clay............................................. 320-362
Sand and clay........................................... 362-386
Shale and sand..............!........................... 386-397
Cemented sand.......................................... 397-442
Yellow clay............................................. 442-456
Cemented sand.......................................... 456-471

' Sand and clay........................................... 471-487
Clay, sand, and gravel.................................... 487-572
Quicksand.............................................. 572-614
Clay and cemented sand.................................. 614 710

BELEN DISTRICT.

GENERAL CONDITIONS.

The Belen district extends from Isleta southward to a point a few 
miles north of Socorro, where the Rio Grande Valley narrows between 
the encroaching hills, as shown in PI. I. Through the center of this 
district extends the erosion basin known as Belen Valley. The surface 
of the broad flood plain formed by the deposits flooring the valley 
stands only a few feet above the river bed, and the material composing 
the deposits is saturated with water. Shallow wells throughout the 
bottom land reach this water at depths of 5 to 15 feet and readily 
obtain it in large quantity.

WELLS.
*

The Atchison, Topeka and Santa Fe Railway Company's well, 1.5 
miles south of Belen, is the only one within this district from which a 
large and constant supply is pumped. It is a dug well, 15 feet deep 
and 20 feet in diameter, and contains 7 feet of water. It has yielded
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36 WATER RESOURCES OF RIO GRANDE VALLEY, N. MEX.

50,000 gallons a day, and would probably yield more if necessary. 
The well is situated on the flood plain of the river in gravel and coarse 
sand, and the water level in the well rises and falls with that of the 
river.

No important deep wells have been sunk on the lowlands of the 
Belen district. One at the Belen flour mill, 35 feet deep, owned by 
John Becker, and another at the Catholic Church, 85 feet deep, are 
the deepest.

Three deep wells have been bored in the mesa gravels. One at Col 
orado siding, on the Atchison, Topeka and Santa Fe Railway bra::ch, 
known as the Belen cut-off, is 500 feet deep and contains 34 feet of 
water. This well is 9 miles southeast of Belen (altitude, 4,788 feet), 
at an elevation of 5,012 feet, or 224 feet higher than Belen, the water 
level in this well being 234 feet lower than the water at Belen.

Record of Atchison, Topeka and Santa Fe Railway Company's well at Colorado siding, New

Feet. 
Soil.................................................... 1-24
Sand................................................... 24-290
Light-colored clay...........'............................. 290-340
Red sandy clay.......................................... 340-500

At Becker siding, 15 miles southeast of Belen, the railway company 
has a 6-inch bored well, 427 feet deep, with water standing 364 feet 
below the surface. The altitude at the well is 5,140 feet, or 352 feet 
above Belen, making the water level in the well 4 feet lower than that 
in the valley at Belen.

Record of Atchison, Topeka and Santa Fe Railway Company's well at Becker siding, New
Mexico.

Feet.
Cemented gravel......................................... 0-100
Red clay............................................... 100-150
Red clay and gravel...................................... 150-275
Red clay............................................... 275-290
Red clay and gravel...................................... 290-300
Red clay and gravel, with bowlders .......................... 300-340
Gravel................................................. 340-345
Red clay %nd gravel, with bowlders ........................ 345-378
Gravel................................................. 378-388
Red clay and gravel...................................... 388-400
Water bearing gravel .................................... 400-420
Gravel and clay.......................................... 420-427

At Sandia, a siding on the main line of the Atchison, Topeka and 
Santa Fe Railway, west of Isleta, the railway company bored a 12- 
inch well 893 feet deep during the summer of 1905. It is in sand, 
gravel, and clay throughout, and encountered water at a depth of 
445 feet.
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Record of Atckison, Topeka and Santa Fe Railway Company's well at Sandia, N. Hex.

Feet. 
Unconsolidated sand ...................................... 0-340
Sand, with clay bands.................................... 340-400
Clay........"........................................... 400-440
Sand................................................... 440-480
Gravel................................................. 480-490 .
Sand, with clay bands .................................... 490-530
Sand................................................... 530-585
Clay................................................... "585-640
Sand and clay........................................... 640-893

JORNADA DISTRICT.

GEOLOGIC STRUCTURE.

The Jornada district extends from San Marcial to Las Graces, 
between the San Andreas and the Caballos-Fra Cristobal mountain 
ranges. The geologic structure of the Jornada del Muerto has been 
described a as a syncline, in which the older or consolidated rocks pass 
underneath the unconsolidated material which covers the surface.

Along the eastern base of the Caballos-Fra Cristobal range the 
upturned Cretaceous sandstones are truncated and exposed in such a 
way as to freely admit the water crossing them as streams from the 
mountains, as well as that falling upon them as rain. These sand 
stones are not exposed elsewhere within the Jornada district, and it is 
uncertain whether they occupy the entire trough of the syncline, as 
stated by Keyes.&

The Jornada del Muerto, as has been previously stated, is probably 
a part of the old Rio Grande Valley that has been filled with uncon 
solidated sands and gravels of comparatively recent origin. This 
material has been penetrated by wells to a depth of 360 feet, but its 
total depth has not been determined and very little is yet known of 
the underground conditions in this region. The Cretaceous sand 
stones may extend without interruption beneath the detrital filling, 
or, if they were originally present, may have been largely eroded 
away previous to the deposition of the detritus.

FLOWING WELLS.

In the vicinity of Engle Sowing water is obtained from three wells, 
which penetrate the Cretaceous sandstones. One about 10 miles 
northwest of Engle, near the base of the Fra Cristobal Mountains, is 
said to be 260 feet deep. The flow is not sufficient to water a few 
hundred cattle for which it is used, and the water is pumped to 
increase the yield.

« Keyes, C. R., Water-Sup, and Irr. Paper No. 123, IT. S. Geol. Survey, 1905. 
b Ibid., p. 10 (geologic map).
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38 WATER RESOURCES OF RIO GRANDE VALLEY, N. MEX.

The other wells belong to the Santa Fe Railway Company and the 
water is pumped to Engle for railway use. The wells are located in 
the canyon leading from Engle to the Rio Grande. One near old 
Fort McRae was drilled to a depth of about 1,200 feet in search of 
coal. No coal was found, but water was encountered under pressure 
sufficient to produce a considerable'surf ace flow but not great enough 
to raise it to the level of the town. From this well and a second one 
put down about 2 miles farther east water is pumped into a reservoir 
on the Jornada, from which it flows to Engle by gravity.

NONFLOWIJ.G WELLF-.

A number of wells have been bored in the Jornada del Muerto, but 
definite records of only a few of them are obtainable. Those near the 
western border of the plain, along the railroad, penetrate the Creta 
ceous sandstones and find water under slight pressure, tut the greater 
number have been bored in depressions along the center of the plain 
and penetrate only unconsolidated sand, gravel, and wash. The 
record of Mr. Linger's well may be taken as representative of the 
material found in the center of the Jornada.

Record of well of G. W. Linger & Company, 5 miles east of Upham.

Feet. 
Red clay............................................... 1-10
Cement................................................ 10-19
Sand and silt............................................. 19-235
Bowlders (maximum diameter, 8 inches) .................... 235-240

Partial records obtained of a few of the wells are given in the fol 
lowing table:

TABLE 4. Records of bored wells in the Jornada del Muerto.

Owner.

J. D. Isaacks....... 

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

J W Taulnr

A.,T.andS.F.Rwy 

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

L. Baldwin & Co...

Cattle Co 
Do.............

G. W. Linger.& Co.

Location,

Sec. 35, T. 20 S., R. 2 E..

Sec. 13, T. 208., R.2 E.. 
Sec 17 T 19 S R 2 E/

8 miles west of Engle ....

Upham.

Total 
depth

Feet. 
265

330
115

1,200 

480
400
140
200

500
240

Depth to 
water.

Feet. 2,'0

292
95

Flow. 

140

140

492

300(?)

Power 
used.

Wind.....

Wind..... 
.....do....

Gasoline..

Steam ....

.....do....

.....do....

Remarks.

Penetrates 35 feet soil; 
23 feet sand and 
gravel

gular material, with 
15 feet rounded bowl 
ders 

In sandstone and 
shale.

Water raised 100 feet.

Water raised 327 feet.

(maximum 6 inches 
in diameter) at bot 
tom. Water raised 
102\feet.
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INDICATIONS OR ARTESIAN WATER.

The occurrence of water under pressure in several wells near Engle 
indicates the presence of artesian conditions beneath a small area of 
the Jornada, but in areas lying beyond the immediate vicinity of 
Engle the presence or absence of artesian water must be inferred 
entirely from surface indications. Since water is found in the Cre 
taceous sandstones near Engle it might be expected in wells that 
penetrate these sandstones elsewhere, provided the sandstones extend 
uninterruptedly beneath the surface in this region. Their extent, 
however, and their depth beneath the surface over the greater part 
of the Jornada are unknown.

The water in the unconsolidated gravel beds may perhaps be con 
fined beneath impervious layers, since the Jornada del Muerto slopes 
southward at an average rate of 4| feet to the mile, but nothing now 
known proves either the presence or absence of such layers. The 
surface indications are moderately favorable to the occurrence of 
artesian water in certain areas, particularly at the southern end of 
the Jornada and still farther south, in the Mesilla Valley.

LA MESA DISTRICT.

La Mesa district lies in the southern part of the Rio Grande 
region west of Mesilla Valley. Wells have been sunk in various parts 
of this district, both for railroad use and for stock purposes. No 
solid rock was encountered in any of the wells, most of which 
find water in abundance, but at a considerable depth, as indicated 
in Table 5. The deepest well on La Mesa, 945 feet, was bored by 
the Southern Pacific Railway Company at Lanark. The company 
owns two other wells at the same place, one 648 feet and one 615 
feet deep, the three yielding 50 gallons of water a minute. The 
material penetrated is sand with small waterworn pebbles, and con 
tains water below a depth of 380 feet.

Since the altitude of Lanark is 4,156 feet, the altitude of the water 
surface is 3,776 feet, while that at Bosque Seco, in Mesilla Valley, 
15 miles northeast of Lanark, is 3,800 feet 24 feet higher than at 
Lanark. At Noria, the altitude of which is 4,114 feet, the water 
surface, 358 feet below the surface of the land, is 3,756 feet above 
sea level. In the 12 miles between Lanark and Noria the water 
surface inclines to the south 20 feet, or at an average rate of 1.7 
feet per mile. A line drawn through Bosque Seco, Lanark, and 
Noria would run somewhat west of the center of the old debris- 
filled valley of the Rio Grande for a distance of 27 miles. Along 
this line there is a fall of the water surface of 44 feet, or an average 
of 1.7 feet per mile. The gradient of the water table in Mesilla 
Valley between Bosque Seco (3,800 feet) and the southern end of
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Mesilla Valley (3,680 feet), a distance of about 32 miles, is 3.7 feet 
per mile. It is evident from these facts that the surface of the 
underground water has a regular gradient down the old channel 
through La Mesa, although it is less than the gradient of the river. A 
line of wells a few miles farther east in the center of the old valley 
would probably show a steeper gradient of the water plane.

The facts upon which the determination of gradient rests are not 
sufficiently numerous to make it conclusive. The depths to water 
determined and the indications that La Mesa is a part of the 
ancient debris-filled valley naturally leads to the inference that the 
course of the underflow should be southward through the detritus of 
La Mesa. It is possible, on the one hand, that additional data 
will show a gradient steeper than 1.7 feet per mile. On the other 
hand, it is possible that the original course of the underflow down 
the old channel has been reversed by reason of the down cutting of 
the river in Mesilla Valley and the accumulation of surface water in 
the gravels of La Mesa. The latter possibility is strengthened by the 
facts that La Mesa is nearly level and the material so porous that 
rain enters it without producing even temporary streams.

TABLE 5. Records of bored wells in La Mesa district.

Owner.

Henry Brock......

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

J. F. Kilburn......
Do.............

S. P. Rwy. Co......

J. B. Stabling......
Do.............

El Paso and S. W.
Rwy. 

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

Location.

Sec. 30, T. 25 S., R. 2 W.. 

Sec. 7, T. 24 S., R. 1 W...

Mountain.

Noria. 
T. 278., R.I W. ........

Lanark. 
Lanark .................

Lanark.

Total 
depth.

Feet. 
240

430

435

<»478
388

945 
365

6460
350
94A

438

Depth to 
water.

Feet. 
221

386

170

350

408
370

380 
340

440
311
220

358

Power 
used.

Gasoline.. 

.....do....

.....do....

Steam ....

.....do....

.....do....

Material encountered.

Sand and waterworn 
gravels. 
Do.

Plow

Do.

gravel. 
Do.

a 170 feet in bottom of crater, 6 200 feet in bottom of crater.

MESILLA DISTRICT.

LOCATION AND CHARACTER.

The Mesilla district is confined to Mesilla Valley, the southernmost 
of the erosion basins of the Rio Grande region. During floods the 
river submerges a large part of the valley floor, a level flood plain 
formed by the deposition of silt and fine sand. As previously stated 
(p. 24), Mesilla Valley was once deeper than it is now, and has been 
recently filled to some extent by flood-plain deposits. The geologic
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formations and their relation to one another are indicated in the sec 
tions on PL III. The rock basin was partly filled with debris, in 
which a secondary valley was eroded and later partly filled with sand 
and silt.

WATER TABLE.

Underground water is found throughout Mesilla Valley at practi 
cally the river level. The depth to water was measured in the wells in 
the valley, and the results were plotted on the contour maps prepared 
by the United States Reclamation Service, and from these the map 
forming PL X has been prepared, which shows by contours the depth 
to water.

The water table changes position to some extent, according to 
changes in the volume of water in the river. Professor Slichter a has 
shown that the ground water of the valley is derived largely from the 
river and that the gradient of the water plane in a direction parallel 
to the river is practically constant at 4.64 feet per mile where meas 
ured near Mesilla Park, while the gradient away from the river varies 
from 0.4 foot per mile during low water to 2.3 feet in times of flood. 
A rise of the water table of 5 feet is reported near the river during the 
six months for which records were kept.

WELLS OF MESILLA VALLEY.

General statements. A number of wells have been bored in Mesilla 
Valley for pumping water in large quantities, mainly for irrigation. 
Twelve of these have been carefully tested by Professor Slichter 6 
with a view to ascertaining their capacity, the cost of pumping, etc. 
Some of his results are included in Table 6 (p. 47). It should be noted, 
in comparing the figures of the column showing depth to water 
with the map (PL X), in which depth to water is indicated by con 
tours, that these wells are usually placed on ground high enough 
to allow the water to flow over the land to be irrigated. The depth 
to water is therefore somewhat greater than the average depth indi 
cated on the map.

Wells at Agricultural College. Several wells have been bored for the 
Agricultural College at Mesilla Park.

A bored well at the college building is 75 feet deep and 4 inches in 
diameter. Water was encountered at a depth of 43 feet in 1896, but 
in 1903 it was found to have lowered to 53 feet.

Another 4-inch well at the college machine shop is 120 feet deep. 
Saline water was found at this depth and the pipe was drawn back to 
75 feet, where better water was found.

An irrigation plant was established in 1902 at the experiment sta 
tion of the Agricultural College, consisting of one 12-inch and one

a Slichter, C. S., Observations on the ground waters of Rio Grande Valley: Water-Sup, and Irr. Paper 
No. 141, U. S. Geol. Survey, 1905, pp. 22-29. 

6 Slichter, C. S., ibid., p. 34.
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6-inch well, each 48 feet deep. This plant has been described by 
members of the college faculty" in a bulletin of the experiment sta 
tion. The wells penetrate gravel beds, from which water is readily 
obtained, the yield being about 1,000 gallons a minute.

Record of experiment station well.
Feet.

Soil...................................................... 0-5
Sand..................................................... 5-32
Sand and gravel........................................... 32-47
Sand.................................................... 47-48

During the summer of 1905 a pumping plant was installed on the 
horticultural-farm near Mesilla Park station. A 12-inch well was 
bored 62Jeet deep and an 18-foot strainer was placed at the bottom. 
A pit 8* feet square was dug to water level, 19 feet below the surface. 
It contains a centrifugal pump with gasoline engine, which discharges 
1,000 gallons of water per minute.

Wells of F. C. Barker. Mr. Barker has three pumping plants. 
One, at Las Cruces, pumps from a 6-inch well 53 feet deep, which is 
capable of supplying about 150 gallons of water per minute. The 
well penetrates a gravel bed 35 feet thick, which supplies the water.

Record ofF. G. Barker's well at Las Cruces
Feet.

Soil....................................................... 0-3
Sand..................................................... 3-18
Gravel and bowlders....................................... 18-53

Mr. Barker's second pumping plant is situated about 1 mile south 
of Las Cruces and consists of a 6-inch well 48 feet deep, supplied with 
pump and gasoline engine which raise 131 gallons of water per
minute.

Record of F. C. Barker's well, 1 mile south of Las Cruces.
Feet.

Soil...................................................... 0- 8
Sand..................................................... 8-16
Sand and gravel........................................... 16-30
Coarse gravel............................................. 30-48

A third plant is reported to have been established during the sum 
mer of 1905 near the second. An 8-inch well was bored to a depth of 
85 feet and supplied with centrifugal pump and gasoline engine, which 
raise a volume of water estimated at 800 gallons per minute.

Record ofF. C. Barker's 8-inch well.
Feet.

Soil...................................................... 0-17
Quicksand................................................ 17-36
Sand and gravel........................................... 36-58
Gravel and bowlders....................................... £8-75
Caliche................................................... 75-79
Sand and gravel........................................... 79-85

a Vernon, John J., andLester, Francis E., Bull. No. 45, New Mexico College Agric. and Mechanic 
Arts, Mesilla Park, N. Mex., 1903.

TX_MSJ_002260



U
. S

. 
G

E
O

L
O

G
IC

A
L
 S

U
R

V
E

Y
W

A
T

E
R

-S
U

P
P

L
Y

 P
A

P
E

R
 N

o. 
1

8
8

, 
P

L. X

S
elden. O

ld F
o
rt 

'S
elden

39oo

W
\ 

^
%

L
\H

EAD
G

ATES
m

^
^
T

^
* **

'. 
/
 

^
 

i~
 

-fi 
f

^'V
ft,/-

/ V
t /  .

. O
S

h
a
Ja

m
/ 

t 
!

s>w ^
^
 

/ 
4- 

* 
O

^
o
n
a A

na

IK
-.t^

I
»
V

 
I 

i
t

1   N
. 

V

*r?rt ^

i/v
.^

^
^

A
H

ints

.-JO
M

esttla 
/-

.- 
/' 

{A. &
 M

, A
. 

,.$l*«illa

>  JS
2
5

B
osque 'Secfxfe

_
 

O
v

G
'J

«
//

   * 
v 

^
iW

v
 

>
'G

%
 

 r
^
)
\\

Sa^-rM
iJuet-.

-
  

a
  .... ?

*
*

' 

r

s 
\ o r

x
>

^
' 

) 
/

t*}

 *>-\
) E

arl

k
-^S

:4
a

 
XT

JS
^
'^

^
/.

'

U
1 9

°,

3
7

5
0

F
 

' 
  

i^
«

h>; i^ 
r /./^

U
.'V

^a
&) V

inton

M
A

P
 

O
F

(^ W
S

ites S
pur

M
E

S
IL

L
A

 
V

A
L

L
E

Y
N

E
W

 
M

E
X

IC
O

S
cale 

in
 

m
iles

0

*
*

»

T
opography 

from
 

surveys 
Toy 

U
. 

S. 
R

eclam
ation 

S
ervice

D
atum

 
is 

m
ean 

sea 
level

P
um

ping 
plants 

 

"W
ater co

n
to

u
rs ..... -.. 

F
igures show

 depth to w
ater in feet

TX_MSJ_002261



UNDERGROUND WATERS, MESILLA DISTRICT. 43

Well of Mrs. E. M. Boyer. Mrs. Boyer's well is located on her 
ranch, about one-fourth mile north of the railroad station at Las 
Cruces. It is a 6-inch bored well, 52 feet deep, with a 12-foot strainer. 
Water is raised by a centrifugal pump and 12-horsepower gasoline 
engine at the rate of 658 gallons per minute.

Record of Mrs. E. M. Boyer's well.
Feet. 

Soil...................................................... 0-2
Sand..................................................... 2-22
Sand and gravel........................................... 22-52

Well of Frank Burke. Mr. Burke's well is located one-half mile 
south of Mesilla Park. It is a 12-inch well, 60 feet deep, with a 12-foot 
strainer. Water is raised by a centrifugal pump and 21-horsepower 
gasoline engine at the rate of 755 gallons per minute.

Record of Frank Burke's well.
Feet. 

Soil...................................................... 0- 8
Sand..................................................... 8-22
Sand and gravel........................................... 22-60

Well of J. C. Carrera. Mr. Carrera's well is located about 1 mile 
south of Las Cruces. It is a 6-inch well, 58 feet deep, with a 15-foot 
strainer. Water is raised by a centrifugal pump and 8-horsepower 
gasoline engine at the rate of 648 gallons per minute.

Well of Robert Elwood. Mr. Elwood, of Las Cruces, constructed a 
pumping plant for irrigation during the summer of 1905, in which two 
8-inch wells 40 feet apart are connected with a 5-inch centrifugal pump 
and 12-horsepower gasoline engine. The first well was bored 100 
feet deep, but the casing was later withdrawn to the 64-foot level, 
where the most productive gravel bed occurs. The second well is 64 
feet deep, and both are supplied with 24-foot strainers. The yield is 
estimated at 800 gallons of water per minute.

Record of Robert Elwood's well.
Feet. 

Sand and gravel ........................\................. 0- 32
Clay.................................................... 32- 35
Sand and gravel.......................................... 35- 50
Cemented sand........................................... 50- 52
Coarse sand and gravel.................................... 52-100

Well of W. N. Eager. Mr. Hager's well is located one-half mile 
west of Mesilla Park. It is a 10-inch well, 63 feet deep, with a 12-foot 
strainer. Water is raised by a centrifugal pump and 12-horsepower 
gasoline engine at the rate of 325 gallons per minute.

Well of A. L. Hines. Mr Hines's well is located 1 mile northeast 
of Mesilla. It is a 6-inch well, 59 feet deep, with an 8-foot strainer.
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Water is raised by a centrifugal pump and 8-horsepower gasoline 
engine at the rate of 271 gallons per minute.

Record of A. L. nines's well.

Soil.
Feet. 
0- 8

Sand..................................................... 8-19
Quicksand................................................ 19-47
Sand and gravel........................................... 47-59

Wells ofHoraco Ranch Company. The Horace Ranch Company.has 
three wells separated by a few hundred feet and located west of Berino.

No. 1 is an 8-inch well, 75 feet deep, with an 18-foot strainer. Water 
is raised by a centrifugal pump and 12-horsepower gasoline engine at 
the rate of 837 gallons per minute.

No. 2 is a 10-inch well, 53 feet deep, with an 18-foot strainer. Water 
is raised by a centrifugal pump and 12-horsepower gasoline engine at 
the rate of 191 gallons per minute.

No. 3 is a 10-inch well, 62 feet deep, with an 18-foot strainer. Water 
is raised by a centrifugal pump and 12-horsepower gasoline engine at 
the rate of 750 gallons per minute.

Las Cruces city well. During the summer of 1905 a pumping plant 
was constructed to furnish the city of Las Cruces with water. A 
6-inch well was bored to a depth of 63 feet and an 18-foot strainer 
placed at the bottom of the pipe in a bed of gravel, occurring below 
the depth of 46 feet. A pit 8 feet square and 20 feet deep contains an 
Advance steam pump, which is placed 2 feet above normal water 
level. The water is drawn by suction from the capped casing at a 
rate of 300 gallons per minute.

The water drawn from a depth lower than 46 feet is apparently 
much better for domestic use than that obtained from the surface 
wells of Las Cruces. An analysis of the water made by Geo. W. Lord 
Company, of Philadelphia, Pa., is as follows:

Analysis of water from Las Cruces city well.

Total solids.........
Calcium (Ca)........
Magnesium (Mg)....
Sodium (Na)........
Sulfate radicle (SO)4.

Parts per million. 
....... 998
........ 156
....... 19
....... 159
....... 338

Parts per million. 
Chlorine (Cl).................... 133
Silica (SiO2).................... ' 27
Carbonate radicle (COS).......... 120
Organic and volatile............. Trace.

Well of Theodore Roualt. Mr. Roualt's well is located on his ranch 
near the river, 3 miles northwest of Las Cruces. It is a 10-inch well, 
48 feet deep, with a 10-foot strainer. Water is raised by a centrifugal 
pump and 18-horsepower steam engine at the rate of 351 gallons per 
minute.
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Well of Shalam Colony. Several years ago an elaborate pumping 
plant was constructed for irrigation purposes at Shalam Colony, west 
of Dona Ana. A circular pit 18 feet in diameter was sunk to a dejgth 
of 30 feet and its sides and bottom were cemented. In the bottom of 
this pit five wells were bored, three of which are 6 inches in diameter 
and 90 feet deep (60 feet below the bottom of the pit), one is 12 
inches in diameter and 90 feet deep, and one 6 inches in diameter and 
19.7 feet deep. At a depth of 90 feet there is a 3-foot gravel stratum, 
which apparently yields the greater part of the water. The sand 
beneath this stratum entered the pipe so freely that it was impracti 
cable to draw water from horizons lower than 90 feet.

A storage reservoir, covering an area of 1 acre and 5 feet deep, 
was constructed, and into this a 60-horsepower steam engine pumps 
water at the rate of 1,500 gallons per minute.

The ground water at this place is 9 feet beneath the surface, making 
a normal depth of 21 feet of water in the pit. The pump lowers the 
water surface 18 feet to a level at which it remains stationary, the 
flow from the wells equaling the discharge of the pump.

Well of J. R. Thompson. Mr. Thompson's well is situated at the 
eastern edge of the valley, about 2 miles south of Earlham. It is a 
6-inch bored well, 138 feet deep, and obtains water from the coarse 
sand at the bottom of the well. An accurate driller's record was 
obtained as follows:

Record of J. R. Thompson's well.
Feet.

Sand and silt........................................... 0-80
Clay .................................................. 80-100
Sand........................................*.......... 100-118
Clay................................................... 118-128
Coarse sand............................................. 128-138

Well of G. H. Totten. Mr. Totten's well is located 1 mile west of 
Mesilla. It is a 10-inch well, 62 feet deep, with 24 feet of strainer. 
Water is raised by a centrifugal pump and 28-horsepower gasoline 
engine at the rate of 464 gallons per minute. When tested the well 
contained only 12 feet of strainer, which had been placed in the upper 
sand layer. Later the well was lowered and a second 12-foot strainer 
was added, greatly increasing the flow.

Record of G. H. Totten's well.
Feet. 

Soil...................................................... 0-17
Sand..................................................... 17-51
Clay..................................................... 51-53
Sand and gravel........................................... 53-62

Samples of the waters were taken from both sand layers of this well 
to ascertain if they varied in quality. The analyses, made by Prof.
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R. F. Hare, of the New Mexico agricultural experiment station, 
indicate that the waters vary in the amounts, but not in the kinds of 
salts they contain, that from the upper sand containing 1,566 parts 
and that from the lower sand 1,123 parts of total solids per million 
parts of water.

Table showing well records in Mesilla Valley. The following table 
comprizes data concerning wells in Mesilla Valley. Descriptions of 
pumping tests for the first twelve wells of the table may be found in 
Prof. Charles S. Slichter's paper on ground waters of Rio Grande 

Valley : a  _____________________________________
a Water Sup. and Irr. Paper No. 141, U. S. Geol. Survey, 1905, pp. 51-73.
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UNDERFLOW OF THE RIO GRANDE REGION. 

WATER PLANE.

In Mesilla Valley the surface of the ground water is practically at 
the river level, as has been previously stated. The water plane in the 
valleys farther north can not be accurately represented for lack of 
detailed topographic maps, but the depths to water in wells situated 
in the bottom, lands throughout the Rio Grande region indicate that 
the surface of the ground water is always at or very near the river level. 
The water plane determined for Mesilla Valley and mapped in PI. X 
is probably typical, and the map doubtless expresses with sufficient 
accuracy the relation of the water table to the river and to the land 
surface for the entire region.

QUANTITY OF UNDERFLOW.

The investigation of the quantity and rate of underflow in Mesilla 
Valley, carried on in 1904 by Professor Slichter,a shows (pp. 1-1-13) that 
there is practically no underflow through the canyon near El Paso, 
but (pp. 25-29) that near Mesilla Park, where a series of experiments 
were made, water enters the underflow both from the river and from 
the drainage of the mesas. His conclusions are tabulated as follows:

TABLE 7. Amount of water contributed to the underflow of the Rio Grande near Mesilla Park, 
N. Hex., between September 20 and October 23,1904.

Dates.

September 20 to October 1 ...

October 9 to 16 ..............
October 16 to 23 .............

Num 
ber of 
days.

11
8
7 
7

33

Amount of ground water con 
tributed by each mile of the 
river.

Cubic feet 
of water 

per 24 
hours.

110, 500 
640,000 
248,000 
117, 200

b 8, 900, 000 
270,000

Cubic feet 
per sec 

ond.

1.28 
7.40 
2.87 
1.36

3.03

Gallons 
per min 

ute.

575 
3,330 
1,290 

745

1,360

Amount of ground water con 
tributed by rainfall upon 
mesa east of the valley per 
mile of river valley.

Cubic feet 
of water 

per 24 
hours.

S 500 
000 

29,900 
5,950

61,517,000
45,800

Cubic 
feet per 
second.

0.47 
1.7d 
.35 

-.069

.515

Gallons 
per min 

ute.

211 
794 
155 

-31

232

"Heavy flood on October 5,1904.
6Total amount contributed for each mile of the valley in thirty-three days. By converting cubic 

feet into acre-feet it is found that the river lost 204 acre-feet of water to the gravels of the underflow in 
thirty-three days, and that 34.8 acre-feet were contributed by the rainfall in the same period. These 
amounts are for each mile of the valley.

If the amounts shown by these figures are applied to Mesilla Valley 
as a whole the result is large. The valley is about 50 miles long, and 
if the seepage amounts to 204 acre-feet of water per mile a total of 
10,200 acre-feet of water was contributed to the underflow of the val 
ley by the river during the thirty-three days included in the table.

"Slichter. Charles S., Observations on the ground waters of Rio Grande Valley: Water-Sup, and 
Irr. Paper No. 141, U. S. Geol. Survey, 1905.
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UNDERFLOW OF THE KIO GEANDE REGION. 49

During the same time a total of 1,741 acre-feet was contributed by the 
rainfall, making a grand total for the valley of 11,941 acre-feet in the 
thirty-three days, or about 362 acre-feet a day.

No measurements are available for the valleys farther north, but 
judging from the uniformity of conditions throughout the region a like 
amount probably enters the ground in the other valleys.

ORIGIN OF UNDERFLOW.

The waters of the underflow are derived mainly from the Rio 
Grande. The rainfall is comparatively unimportant as a source of 
supply, since the rains are usually violent and of short duration, and 
although the material upon which the rain falls is very porous the 
greater part of the water enters the river. According to Slichter's 
table just quoted, the local rainfall contributes about one-seventh of 
the underflow. The tributary streams evidently contribute some 
water, but since they are small and intermittent the amount is prob 
ably negligible, leaving the Rio Grande as the main source of supply. 
Measurements of the flow of the Rio Grande demonstrate the fact that 
the river is continually losing water, the greater volume of flow being 
measured at the upstream rather than the downstream gaging sta 
tions. This is made clear by an inspection of the tables of discharge 
previously quoted (pp. 31-33). For purposes of convenient compari 
son the following table of totals is given:

TABLE 8. Discharge of the Rio Grande in acre-feet.

El Paso.

6,205,066
4,101,906

San Mar 
tial.

9,168,966
5,749,197

Ildefonzo.

10,097,307
6,431,512

Cenicero.

2,960,123

From this table it appears that during the nine years recorded a 
loss of 32 per cent of the flow at San Marcial occurred between San 
Marcial and El Paso, a distance of about 140 miles, and that within the 
same period a loss of 38 per cent of the'Ildefonso flow, over and above 
the total amount entering the Rio Grande from tributary streams 
during those years, occurred in a distance of about 280 miles. This loss 
is due to evaporation, diversion for irrigation, and absorption into the 
gravels. It is probable that could the discharge of the tributary 
streams be included the loss would be about double that shown by the 
river alone. To illustrate: During the nine years recorded the river 
lost 3,892,241 acre-feet in the 280 miles between Ildefonso and El 
Paso, in addition to the total discharge of such important tributaries 
as Galisteo Creek, Rio Jemes, Rio Puerco, Arroyo Salado, and scores 
of smaller tributaries. It is evident that the actual loss is much 
greater than that indicated by measurements of river discharge alone,

IKR 188 07  4
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An effort has been made to determine what percentage of the 
known loss is due to irrigation and what to seepage and evaporation. 
The discussion may be found in the Proceedings of the International 
(Water) Boundary Commission, United States and Mexico, vol. 2, pp. 
405-424. The results indicate that .there is a notable loss of water 
over and above that diverted for irrigation. An average of three 
comparisons (p. 417) shows that 13 per cent of the San Marcial flow 
was lost by seepage and evaporation above El Paso.

COURSE OF UNDERFLOW.

All known facts point to the conclusion that a large amount of 
water is continually passing from the river into the underflow, and 
must either return to the surface and evaporate or find some under 
ground passage by which to escape. Professor Slichter's" investiga 
tion proves that the escape is not through the canyon at El Paso.

The debris-filled valley west of El Paso and the apparently regular 
gradient of its water plane suggest that the course of the underflow 
may be down this old valley to the basin region of northern Mexico. 
On the other hand, the meager data available seem to show that this 
gradient is lower than that for Mesilla Valley, and that the flow 
should be toward the river rather than away from it, as would be the 
case if the course of the underflow was down the old valley. The 
data available at the present time are not adequate to solve this 
problem.

A more probable means of escape is by evaporation. Accepting 
Slichter's measurements of 362 acre-feet a day, contributed in Mesilla 
Valley, about 132,000 acre-feet of water would enter the gravels in a 
year. The evaporation of approximately 7 feet a year would remove 
from the 150,000 acres of Mesilla Valley about 1,050,000 acre-feet if 
the water were freely exposed, or about 8 times the amount of water 
entering the underflow. Over a considerable part of the valley the 
water plane is near enough to the surface for considerable loss by 
capillary action.

CHEMICAL CHARACTER OF RIO GRANDE WATERS. 

MESILLA DISTRICT.

A large number of chemical analyses of waters of Mesilla Valley 
have been published by Goss.6 Others have been collected from 
various sources and preserved in the records of the United States 
Geological Survey. It appears from these analyses that the total 
solids are not high as compared with those found in waters used else 
where for irrigation, and that the salts are not those most deleterious

oSlichter, C. S., ibid., pp. 9-13.
6 Goss, Arthur, Principles of water analysis: Bull. No. 34, New Mexico College of Agric. and 

Mech. Arts, 1900.
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to crops. "Black alkali" (Na2CO3) is wholly absent from both river 
and ground waters. "White alkali" is abundant and accumulates as 
incrustations of salts due to the evaporation of water brought to the 
surface by capillary action.

The well waters are not very satisfactory for domestic uses. The 
quantities of magnesium, sodium, and sulfuric acid, probably 
present in the form of Glauber's salt (sodium sulfate = Na2SO4) and 
Epsonisalt (magnesium sulfate='MgSO4 ), indicate that the waters of 
the valley in general are not very good for drinking purposes. The 
river water contains the same substances that are found in the wells, 
but in smaller amounts.

Waters obtained from the mesa gravels at El Paso, Deming, and 
elsewhere are much better for domestic use than those derived from 
gravels that are obviously supplied from the river. This is probably 
true of the Mesilla region, though not enough data are at hand con 
cerning the mesa waters to permit positive statements. Two analyses 
have been made of samples of water taken west of Mesilla Valley. 
One, from J. F. Kilburn's well, contained 1,315 parts per million of 
dissolved solids, and is more saline than many in the valley; the 
other, from the railway well at Lanark, contained 585 parts per 
million of total solids, and is better than that from many of the valley 
wells.

OTHER DISTRICTS.

Little can be said of the chemical character of water from the Rio 
Grande region north of Mesilla Valley, few complete analyses being 
available. Those that could be obtained are included in Table 10. 
These analyses have been collected from various sources and are 
nearly all to be found in the records of the United States Geological 
Survey.

In the lowlands throughout the Rio Grande region the salts con 
tained in the waters accumulate as white incrustations over the soil. 
In Albuquerque Valley these accumulations are particularly abundant 
and in many, places prevent the growth of vegetation. This condition 
is probably caused by crude methods of irrigation. The land thus 
affected has been for many years in the possession of Mexican ranch 
men, who seldom take proper care of the land.
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WATER SUPPLY. 55

APPLICATIONS. 

UTILIZATION OF UNDERFLOW.

Shallow wells. The flood-plain material of the lowlands along the 
river, although saturated, does not, in general? allow the water to pass 
through it freely enough for the successful use of shallow irrigation 
wells. In certain places, however, as at Belen, where the railway well 
is dug in coarse sand, large volumes of water are readily obtained from 
this material.

Deep wells. Beneath the fine silt of the flood plains there is coarser 
material, from which large quantities of water are obtained, as in the 
various irrigation wells in Mesilla Valley and the city wells at Albu 
querque. A considerable amount of fine sand and silt occurs in the 
gravel beds as well as hi the flood-plain deposits and prevents the 
rapid movement of water through them, causing the high lift and to a 
large extent the great cost shown in Table 6. In. spite of its great 
cost, however, the pumping of water for irrigation has proved profit 
able in El Paso and Mesilla valleys. In the valleys farther north the 
gravels are apparently coarser and water could probably be pumped 
at less cost than in Mesilla Valley. In Mesilla Valley the quantity of 
water recovered might be greatly increased by additional wells, and 
pumping plants might be established with profit in Palomas, Socorro, 
Belen, and Albuquerque valleys. Although the data at hand show that 
in this region, as compared with other valleys of the Southwest, the 
underflow is small and the water not readily obtainable on account of 
the fineness of the material in which it is contained, enough water may 
be pumped from the sands and gravels to warrant development.

Seepage ditches. The construction of seepage ditches as a means of 
obtaining the waters of the underflow has been proposed for the Rio 
Grande Valley, but no such ditches have been dug, and the large pro 
portion of fine sand and silt is apparently unfavorable to this method 
of procuring the water.

WATER STORAGE.

The alternation of broad basins and narrow canyons along the 
course of the river i§ apparently favorable to the establishment of 
storage reservoirs, but at only two points are the rock formations 
suitable for the construction of masonry dams. These are in El Paso 
canyon, the dam site of the proposed International reservoir, and at 
Elephant Butte, the dam site of the proposed Engle reservoir.

From a geologic standpoint the Engle reservoir is much more favor 
able for water storage than the International reservoir. The most 
important geologic considerations favoring the location of a storage 
reservoir in Engle Valley are (1) a narrow canyon with hard rock
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walls; (2) rock foundation for the proposed dam; (3) good building 
material near the dam site, and (4) a long, deep, narrow storage res 
ervoir, in which loss by evaporation will be comparatively small and 
from which the mud may to some extent be removed by sluicing.

No other good reservoir sites were found within the Rio Grande 
region, nor are the geologic conditions favorable to the occurrence of 
good sites. Since the Rio Grande Valley is a succession of debris- 
filled intermontane troughs it is only where the river in its superim 
posed course has left the old filled valleys and cut channels in the hard 
rock that good dam sites are found. This action has occurred at only 
two places in the region described one near El Paso and one near 
Elephant Butte. In the other canyons the unconsolidated detritus 
beneath the sheets of basalt extends to some unknown depth beneath 
the river and prohibits the construction of bed-rock dams.

TX_MSJ_002275



INDEX.

Page. 
Academy Loretto, well of, record of........ 47
Agricultural college, river water at, analyses

of............................... 52
well of.................................. 41-42
well of, record of........................ 42,47

water of analyses of................ 53
Albuquerque, evaporation at............... 31

rainfall at.............................. 31
rocks near ............................... 17
terraces at and near.................... 11-12
volcanoes and lava flow at, view of...... 12
wells at and near....................... 34-35

record of............................ 35
water of, analyses of................ 54

Albuquerque district, wells of.............. 34-35
wells of, record of....................... 35

water of, analyses of............... 54
Albuquerque Valley, description of......... 13,22

salts in.................................. 51
wells in................................. 55

Ames, P. S., well of, record of.............. 47
Andes!tes, occurrence of.................... 17,20
Arroyo Salado, location of.................. 13-14

thickness of valley fill in................ 17
view showing..................... 18

Atchison, Topeka and Santa Fe Railway,
wells of......................... 36

wells of, records of................ 36,37,38,47
Baldwin (L.) & Co., well of, record of ...... 38
Barker, F. C., wells of...................... 42

wells of, records of...................... 42,47
Barncastle, J. B., well of, water of, analysis

of............................... 53
Basalts, occurrence of...................... 17,21
Bascom (F. H.) & Co., well of, record of ... 47 
Bean, S. F., well of, record of .............. 47
Beeker siding, well at....................... 36

well at, record of........................ 36
Belen, water of, analysis of................. 53

wells at and near ....................... 35-36
Belen district, description of............... 35

wells in................................. 35-37
wells in, records of...................... 36,37

water of, analyses of............... 53
Belen Valley, description of............. 13-14,29

wells in.................................
Berino, wells near..........................

well near, record of.....................
Bernalillo, rainfall at......................

well at, water of, analysis of ..........
Bosque Seeo, well at, water of, analysis of 
Boyer, E. M., well of.......................

Brock, Henry, wells of, records of.......... 40
Burke, Frank, well of...................... 43

well of, record of ....................... 43,47
Caballos Mountains, rocks of............... 9,19

rocks of, view of.. ..................... 12
view of................................. 20

Cambray, rainfall at........................ 31
Can-era, J. C., well of....................... 43

well of, record of........................ 47
Catholic Church, well of, record of.......... 47
Cenicero, Colo., flow at...................... 33
Cerro Cuchillo, rocks of.................... 9,19
Cerro Magdalen, rocks of................. 9,17,18
Cerro Robledo, rocks of.................... 9,19
Chapman, R. H., on San Acacia dam....... 29
Chaves, J. F., well of, water of, analysis of . 53
Colorado siding, well at..................... 36

well at, record of........................ 36
Darton, N. H., work in charge of........... 7
Deformation, history of.................... 20
Deming, wells at, water of, analyses of..... 51
Dona Ana, wells at and near............... 45

wells at and near, water of, analyses of.. 53
Dona Ana Hills, rocks of................... 9,17
Drainage, description of.................... 31-33
Earlham River, water near, analyses of..... 52

well near................................ 45
record of................................ 45,47

Elephant Butte Canyon, dam site in....... 15
description of..................... 14-15,55-56
region of, geologic map of............... 26

El Paso, Tex., depth of valley fill at........ 17
flow at.................................. 32
rainfall at.............................. 31
wells at, water of, analyses of.......... 51

El Paso and Southwestern Railway, wells
of, records of ................... 40

El Paso Canyon, description of............. 15,24
reservoir site at..................... 25,55-56

El Paso Valley, description of.............. 16
Elwood, Robert, well of.................... 43

well of, record of........................ 43,47
Engle, rainfall at........................... 31

wells near............................... 37-38
Engle reservoir, dam site at, view of......... 28

description of..................... 26-29,55-56
materials for............................ 28-29
spillway for............................. 27

Engle Valley, building stone in............. 26,28
cement material in...................... 28-29

analyses of.......................... 28
coal in.................................. 29
description of........................ 14,22,23

57

TX_MSJ_002276



58 INDEX.

Engle Valley, reservoir site in.............. 14,26
rocks in................................. 26-27
structure in........ t ...........I........ 26-27

Erosion, effects of.................... 12-16,19,27
history of............................... 21-23

Espanola, rainfall at........................ 31
Espanola Valley, description of............ 12

reservoir site in......................... 30
Triew near........................... 16

Evaporation, amount of.................... 31,50
Faults, occurrence of....................... 19

views of................................. 22
Floods, occurrence of....................... 7
Fort Fillmore, wells at, records of.......... 47

wells at, water of, analysis of........... 53
Fort McRae, well near...................... 38
Fra Cristobal Mountains, rocks of.......... 9,19

rocks of, views of....................... 22
Galisteo, rainfall at......................... 31
Geography, description of.................. 8-16
Geology, description of..................... 16-24
Glorieta Mesa, rocks of..................... 18
Goss, A., well of, water of, analysis of...... 53
Gravels, accumulations of.................. 20,22
Gypsum, occurrence of..................... 23
Hager, W.N., well of....................... 43

well of, record of........................ 47
Hall, B. M., silt computations by.......... 24
Hawkins,   , well of, record of............ 40
Herrington, Robert, well of, record of...... 40
Hillsboro, rainfall at....................... 31
Hines, A. L., well of........................ 43-44

well of, record of..................... 43-44,47
Horaco Ranch Co., wells of................. 44

wells of, records of...................... 47
Igneous rocks, description of.....'.......... 17
Ildefonso, flow at........................... 33
International reservoir, description of... 25,55-56

evaporation at.......................... 31
Irrigable lands, disadvantages of........... 7-8
Irrigation, pumping for.................... 55
Isaacks, J. D., wells of, records of.......... 38
Isleta, well at, water of, analysis of........ 53
Isleta Narrows, description of.............. 13
Jemes Mountains, rocks of.................. 17,18
Jornada del Muerto, character of. 9-10,21,22,23,37

wells in................................. 38
records of........................... 38

Jornada district, artesian water in......... 39
structure of............................. 37
wells of................................. 37-39

records of........................... 38
water of, analyses of................ 53

Kilburn, J. F., wells of, records of.......... 40
wells of, water of, analysis of........... 51,53

La Cienaga, springs at...................... 34
La Mesa, description of......... 10-11,21,22,39-40

lava flow on............................ 22
rocks of........--.-.-.-.-.-.-------.-... 17
wells on................................. 39

La Mesa district, wells in................... 39-40
wells in, records of...................... 40

water of, analyses of................ 53
Lanark, depth of valley fill at.............. 17

wells at................................. 39
water of, analysis of... I............ 53

Lane, Dr., wells of, records of.............. 47
Las Cruces, wells at..................... 42,43,44

wells at and near, records of............ 42,47
water of, analysis of................ 44,53

Las Palomas Valley, description of......... 15,22
wells in................................. 55

Lester, F. E., well of, water of, analysis of .. 53 
Lewis Brothers, well of, record of........... 40
Linger (G. W.) & Co., well of, record of...... 38
Loretto Academy, well of, record of......... 47
Los Lunas, rainfall at...................... 31
Map, of Mesilla Valley....................... 42

of Rio Grande region................... 7
Map, geologic, of Elephant Butte region.... 26
Mesa. See La Mesa-
Mesilla, wells near.................... 43-44,45-46

wells near, records of................ 44,45,47
water of, analysis of................ 53

Mesilla district. See Mesilla Valley .
Mesilla Park, rainfall at.................... 31

underflow at............................ 48
wells at and near................. 41-42,43,45

record of........................ 42,43,47
water of, analyses of............... 53

Mesilla Valley, deposits in.................. 24,41
description of........................ 15,40-41
irrigable land in........................ 15
map of...-.---...............-.-..---.-- 42
reservoir site in......................... 25
underground water in.................. 41
wells in ...........--.----.-.--.. -..-.... 40- 47

records of........................ 42-45,47
water of, analyses of............. 50-51,53

Misques, Francisco, well of, water of, analy 
sis of.........-....-----..---.-- 53

Mountains, descriptions of................. 9
New Mexico, geographic provinces of, de 

scriptions of.................... 8-16
Noria, wells at............................. 39
Plains, descriptions of...................... 9-11
Quaternary and Tertiary time, history in. 20-24 
Quaternary rocks, description of .......... 19-20
Quintero, L., well of, record of ............. 47
Rainfall, amount of......................... 30-31

character of............................ 7,30
Reservoir sites, descriptions of............. 25-30
Rhyolites, occurrence of................. 17,20,23
Rincon, rainfall at.......................... 31

well at, water of, analysis of........... 53
Rio G tande, ancient conrse of.............. 21-22

discharge of............................ 49
diversion of............................. 23
drainage area of........................ 31
erosion basins on....................... 12-16
flow of, absorption of................. 8,49-50

character of...................... 7,31-33
region of, cross sections of.............. 14

geography of........................ 8
map of.............................. 7
underflow in........................ 48-50

valley of, deposits In ................... 20-24
description of..................... 7,11-12
rainfall in........................... 30-31
section of, figure showing.......... 20

water of, analyses of................... 52-54
character of........................ 50-54
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B io Puerco, location of..................... 13
Rocks, character of..................... 8,9,16-17
Eocky Mountain uplift, description of...... 8,18
Rodadero Peak, character of.............. 25
Roualt, Theodore, well of.................. 44

well of, record of........................ 47
water of, analysis of................ 53

San A cacia gorge, dam site in.............. 29
description of........................... 14
view in................................. 18

Sandia, depth of valley fill at............... 17
well at.................................. 36

record of............................ 37
Sandia Mountains, rocks of................ 18
Sandia volcano, view of .................... 20
San Domingo Valley, character of.......... -22
San Felipe Canyon, dam site in............. 29-30

description of........................... 13
San Marcial, flow at........................ 31

lava flow near....................... 17,21,22
diversion of Rio Grande by......... 23

mesa at, view of........................ 16
rainfall at...........................:.. 30,31
well at, water of, analysis of........... 53

Santa Fe, depth of valley fill at............ 17
rainf al 1 at.............................. 30,31
well near, record of..................... 34
wells near............................... 33-34

Santa Fe Creek, terrace on................. 11
water of, analyses of................... 54

Santa Fe district, water of, analyses of..... 54
wells of................................. 33-34

wells of, record of .................. 34
Santo Domingo Valley, description of...... 13
Sedimentary rocks, consolidated, descrip 

tion of.............--..---...--. 16,19
Sedimentary rocks, unconsolidated, de 

scription of............... 16-17,19-20
Seepage ditches, objections to.............. 55
Selden Canyon, description of.............. 15

gypsum in............-..'..-............ 23
Shalam Colony, well of..................... 45

well of, record of........................ 47
water of, analysis of.............. 53

Sierra Ladron, rocks of..................... 9,18
view at................................. 18

Silt, accumulation of....................... 24
Slichter, C. S., on Mesilla Valley wells....... 41,46

on underflow............................ 48-50

Slopes, description of....................... 11
Snow, O. C., well of, water of, analysis of... 53 
Socorro, rainfall at................'..,...... 31
Socorro Mountains, rocks of.............. 9,17,18
Socorro Valley, description of.............. 14

wells in............................ .... 55
Southern Pacific Railway, well of, record of. 40 
Stabling, J. B.,rwellsof, records of......... 40
Steele, S. A., well of, record of ............*. 47
Stewart, W. G., well of, record of........... 47
Structure, description of.................... 17-19
Taylor, J. W., wells of, records of.......... 38
Terraces, description of..................... 11-12
Tertiary and Quaternary time, history in". . 20-24 
Tertiary rocks, description of.............. 19

view of.................................. 18
Thompson, J. R., well of................... 45

well of, record of........................ 45,47
Thornton, well at, water of, analysis of.... 54
Topography, description of................. 8-16

development of......................... 19-20
Totten, G. H., well of....................... 45-46

well of, record of........................ 45,47
water of, analyses of................ 53

Turner,   , well of, record of.............. 38
Underflow, amount of...................... 48-49

course of................................ 50
depth of................................ 48
origin of................................ 49-50
utilization of............................ 55

Upham, well near, record of................ 38
Valley fill, depth of...................... 17,20,24
Victoria Land and Cattle Co., wells of, rec 

ords of.......................... 38
Volcanic activity, history of................ 20-22
Water, storage of........................... 55-56

See also Water, underground; Water
supply; Wells, etc. 

Water, underground, occurrence of......... 33-47
Water supply, applications of.............. 55-56

description of........................... 30-56
Wells, depth of valley fill shown in....... 17,20,24

materials In............................. 20,24
water in................................ 55

White Rock Canyon, dam site in........... 30
description of........................... 12-13
gorge at, view of........................ 16
rocks of ................................ 17
section across, figure showing.......... 30
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CLASSIFICATION OF THE PUBLICATIONS OF THE UNITED STATES GEOLOGICAL
SURVEY.

[Water-Supply Paper No. 188.]

The publications of the United States Geological Survey consist of (1) Annual 
Reports, (2) Monographs, (3) Professional Papers, (4) Bulletins, (5) Mineral 
Resources, (6) Water-Supply and Irrigation Papers, (7) Topographic Atlas of United 
States folios and separate sheets thereof, (8) Geologic Atlas of United States folios 
thereof. The classes numbered 2, 7, and 8 are sold at cost of publication; the others 
are distributed free. A circular giving complete lists can be had on application.

Most of the above publications can be obtained or consulted in the following ways:
1. A limited number are delivered to the Director of the Survey, from whom they 

can be obtained, free of charge (except classes 2, 7, and 8), on application.
2. A certain number are delivered to Senators and Representatives in Congress for 

distribution.
3. Other copies are deposited with the Superintendent of Documents, Washington, 

D. C., from whom they can be had at prices slightly above cost.
4. Copies of all Government publications are furnished to the principal public 

libraries in the large cities throughout the United States, where they can be consulted 
by those interested.

The Professional Papers, Bulletins, and Water-Supply Papers treat of a variety of 
subjects, and the total number issued is large. They have therefore been classified 
into the following series: A. Economic geology; B, Descriptive geology; C, System 
atic geology and paleontology; D, Petrography and mineralogy; E, Chemistry and 
physics; F, Geography; G, Miscellaneous; H, Forestry; I, Irrigation; J, Water stor 
age; K, Pumping water; L, Quality of water; M, General hydrographic investiga 
tions; N, Water power; O, Underground waters; P, Hydrographic progress reports. 
This paper is the one hundred and eighth in Series B, and the sixty-sixth in Series 
O, the complete lists of which follow (PP=Professional Paper; B=Bulletin; WS= 
Water-Supply Paper):

SERIES B, DESCRIPTIVE GEOLOGY.

B 23. Observations on the junction between the Eastern sandstone and the Keweenaw series on Kewee-
naw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 124 pp., 17 pis. (Out
of stock.)

B 33. Notes on geology of northern California, by J. S. Diller. 1886. 23pp. (Out of stock.) 
B 39. The upper beaches and deltas of Glacial Lake Agassiz, by Warren Upham. 1887. 84 pp., 1 pi.

(Out of stock.) 
B 40. Changes in river courses in Washington Territory due to glaciation, by Bailey Willis. 1887. 10

pp., 4 pis. (Out of stock.) 
B 45. The present condition of knowledge of the geology of Texas, by R. T. Hill. 1887. 94 pp. (Out

of stock.)
B 53. The geology of Nantucket, by N. S. Shaler. 1889. 55 pp., 10 pis. (Out of stock.) 
B 57. A geological reconnaissance in southwestern Kansas, by Robert Hay. 1890. 49 pp., 2 pis. 
B 58. The glacial boundary in western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by G. F.

Wright, with introduction by T. C. Chamberlin. 1890. 112 pp., 8 pis. (Out of stock.) 
B 67. The relations of the traps of the Newark system in the New Jersey region, by N. H. Darton. 1890.

82 pp. (Out of stocTt.)
B 104. Glaciation of the Yellowstone Valley north of the Park, by W. H. Weed. 1893. 41 pp., 4 pis. 
B 108. A geological reconnaissance in central Washington, by I. C. Russell. 1893. 108 pp., 12 pis,

(Out of stock.)
I
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II SEEIES LIST.

B 119. A geological reconnaissance in northwest Wyoming, by G. H. Eldridge. 1894. 72 pp.,4 pis.
B 137. The geology of the Fort Riley Military Reservation and vicinity, Kansas, by Robert Hay. 1896. 

35 pp., 8 pis.
B 144. The moraines of the Missouri Coteau and their attendant deposits, by J. E. Todd. 1896. 71 

pp., 21 pis.
B 158. The moraines of southeastern South Dakota and their attendant deposits, by J. E. Todd. 1899. 

171 pp., 27 pis.
B 159. The geology of eastern Berkshire County, Massachusetts, by B. K. Emerson. 1899. 139 pp., 9 

pis.
B 165. Contributions to the geology of Maine, by H. S. Williams and H. E. Gregory. 1900. 212 pp., H 

pis.
WS 70. Geology and water resources of the Patrick and Goshen Hole quadrangles in eastern Wyoming 

and western Nebraska, by G. I. Adams. 1902. 50 pp., 11 pis.
B 199. Geology and water resources of the Snake River Plains of Idaho, by I. C. Russell. 1902. 192pp., 

25 pis.
PP 1. Preliminary report on the. Ketchikan mining district, Alaska, with an introductory sketch of 

the geology of southeastern Alaska, by A. II. Brooks. 1902. 120 pp., 2 pis.
PP 2. Reconnaissance of the northwestern portion of Seward Peninsula, Alaska, by A. J. Collier. 1902. 

70 pp., 11 pis.
PP 3. Geology and petrography of Crater Lake National Park, by J. S. Diller and H. B. Patton. 1902. 

167pp., 19 pis.
PP 10. Reconnaissance from Fort Hamlin to Kotzebue Sound, Alaska, by way of Call, Kanuti, Alien, 

and Kowak rivers, by W. C. Mendenhall. 1902. 68 pp., 10 pis..
PP 11. Clays of the United States east of the Mississippi River, by Heinrich Ries. 1903, 298 pp., 9 pis.
PP 12. Geology of the Globe copper district, Arizona, by F. L. Ransome. 1903. 168 pp., 27 pis.
PP 13. Drainage modifications in southeastern Ohio and adjacent parts of West Virginia and Ken 

tucky, by W. G. Tight. 1903. Ill pp., 17 pis. (Out of stock.;
B 208. Descriptive geology of Nevada south of the fortieth parallel and adjacent portions of Califor 

nia, by J. E. Spurr. 1903. 229 pp., 8 pis.
B 209. Geology of Ascutney Mountain, Vermont, by R..A. Daly. 1903. 122 pp., 7 pis,
WS 78. Preliminary report on artesian basins in southwestern Idaho and southeastern Oregon, by 

I.C.Russell. 1903. 51 pp., 2 pis.
PP 15. Mineral resources of the Mount Wrangell district, Alaska, by W. C. Mendenhall and F. C. Schra- 

der. 1903. 71 pp., 10 pis.
PP 17. Preliminary report on the geology and water resources of Nebraska west of the one hundred 

and third meridian, by N. H. Darton. 1903. 69 pp., 43 pis.
B 217. Notes on the geology of southwestern Idaho and southeastern Oregon, by I. C. Russell. 1903. 

83 pp., 18 pis.
B 219. The ore deposits of Tonopah, Nevada (preliminary report), by J. E. Spurr. 1903. 31 pp., 1 pi.
PP 20. A reconnaissance in northern Alaska in 1901, by F. C. Schrader. 1904. 139 pp., 16 pis.
PP 21. The geology and ore deposits of the Bisbee quadrangle, Arizona, by F. L. Ransome. 1904. 168 

pp., 29 pis.
WS 90. Geology and water resources of part of the lower James River Valley, South Dakota, by J. E. 

Todd and C. M. Hall. 1904. 47 pp., 23 pis.
PP 25. The copper deposits of the Encampment district, Wyoming, by A. C. Spencer. 1904. 107 pp., 

2 pis.
PP 26. Economic resources of the northern Black Hills, by J. D. Irving, with contributions by S. F. 

Emmons and T. A. Jaggar, jr. 1904. 222 pp., 20 pis.
PP 27. A geological reconnaissance across the Bitterroot Range and Clearwater Mountains in Mon 

tana and Idaho, by Waldemar Lindgren. 1904. 122 pp., 15 pis.
PP 31. Preliminary report on the geology of the Arbuckle and Wichita mountains in Indian Territory 

and Oklahoma, by J. A. Taff, with an appendix on reported ore deposits in the Wichita Moun 
tains, by H. F. Bain. 1904. 97 pp., 8 pis.

B 235. A geological reconnaissance across the Cascade Range near the forty-ninth parallel, by G. O. 
Smith and F. C. Calkins. 1904. 103 pp., 4 pis.

B 236. The Porcupine placer district, Alaska, by C. W. Wright. 1904. 35 pp., 10 pis.
B 237. Igneous rocks of the Highwood Mountains, Montana, by L. V. Pirsson. 1904. 208 pp., 7 pis.
B 238. Economic geology of the lola quadrangle, Kansas, by G. I. Adams, Erasmuth Haworth, and 

W. R. Crane. 1904. 83 pp., 1 pi.
PP 32. Geology and underground water resources of the central Great Plains, by N. H. Darton. 1905. 

433 pp., 72 pis.
WS 110. Contributions to hydrology of eastern United States, 1904; M. L. Fuller, geologist in charge. 

1905. 211 pp., 5 pis.
B 242. Geology of the Hudson Valley between the Hoosic and the Kinderhook, by T. Nelson Dale. 

1904. 63 pp., 3 pis. '
PP 34. The Delavan lobe of the Lake Michigan glacier of the Wisconsin stage of glaciation and asso 

ciated phenomena, by W. C. Alden. 1904. 106 pp., 15 pis.
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SEEIES LIST. Ill

PP 35. Geology of the Perry Basin in southeastern Maine, by G. O. Smith and David White. 1905.
107 pp., 6 pis.

B 243. Cement materials and industry of the United States, by E. C. Eekel. 1905. 395 pp., 15 pis. 
B 246. Zinc and lead deposits of northeastern Illinois, by H. F. Bain. 1904. 56 pp., 5 pis. 
B 247. The Fairhaven gold placers of Seward Peninsula, Alaska, by F. H. M^fflt. 1905. 85 pp., 14 pis. 
B 249. Limestones of southwestern Pennsylvania, by F. G. Clapp. 1905. 52 pp., 7 pis. 
B 250. The petroleum fields of the Pacific coast of Alaska, with an account of the Bering River coal

deposit, by G. C. Martin. 1905. 65 pp., 7 pis. 
B 251. The gold placers of the Fortymile, Birch Creek, and Fairbanks regions, Alaska, by L. M.

Prindle. 1905. 16 pp., 16 pis. 
WS 118. Geology and water resources of a portion of east-central Washington, by F. C. Calkins. 1905.

96 pp., 4 pis. 
B 252. Preliminary report on the geology and water resources of Central Oregon, by I. C. Russell.

1905. 138 pp., 24 pis. 
PP 36. The lead, zinc, and fluorspar deposits of western Kentucky, by E. O. Ulrich and W. S. Tangier

Smith. 1905. 218 pp., 15 pis. 
PP 38. Economic geology of the Bingham mining district of Utah, by J. M. Boutwell, with a chapter

on areal geology, by Arthur Keith, and an introduction on general geology, by S. F.
Emmons. 1905. 413 pp., 49 pis. 

PP 41. The geology of the central Copper River region, Alaska, by W. C. Mendenhall. 1905. 133 pp.,
20 pis. 

B 254. Report of progress in the geological resurvey of the Cripple Creek district, Colorado, by
Waldemar Lindgren and F. L. Ransome. 1904. 36 pp.

B 255. The fluorspar deposits of southern Illinois, by H. Foster Bain. 1905. 75 pp., 6 pis. 
B 256. Mineral resources of the Elders Ridge quadrangle, Pennsylvania, by R. W. Stone. 1005. 85 pp.,

12 pis. 
B 257. Geology and paleontology of the Judith River beds, by T. W. Stanton and J. B. Hatcher, with

a chapter on the fossil plants, by F. H. Knowlton. 1905. 174 pp., 19 pis.
PP 42. Geology of the Tonopah mining district, Nevada, by J. E. Spurr. 1905.' 295 pp., 24 pis. 
WS 123. Geology and underground water conditions of the Jornada del Muerto, New Mexico, by

C. R. Keyes. 1905. 42 pp., 9 pis.
WS 136. Underground waters of Salt River Valley, Arizona, by W. T. Lee. 1905. 194 pp., 24 pis. 
PP 43. The copper deposits of Clifton-Morenci, Arizona, by Waldemar Lindgren. 1905. 375 pp., 25 pis. 
B 265. Geology of the Boulder district, Colorado, by N. M. Fenneman. 1905. 101 pp., 5 pis. 
B 267. The copper deposits of Missouri, by H. F. Bain and E. O. Ulrich. 1905. 52 pp., 1 pi. 
PP 44. Underground water resources of Long Island, New York, by A. C. Veatch and others. 1905.

394 pp., 34 pis.
WS 148. Geology and water resources of Oklahoma, by C. N. Gould. 1905. 178 pp., 22 pis. 
B 270. The configuration of the rock floor of Greater New York, by W. H. Hobbs. 1905. 96 pp., 5 pis." 
B 272. Taconic physiography, by T. M. Dale. 1905. 52 pp., 14 pis. 
PP 45. The geography and geology of Alaska, a summary of existing knowledge, by A. H. Brooks,

with a section on climate, by Cleveland Abbe, jr., and a topographic map and description
thereof, by R. M. Goode. 1905. 327 pp., 34 pis. 

B 273. The drumlins of southeastern Wisconsin (preliminary paper), by W. C. Alden. 1905. 46 pp.,
9 pis. 

PP 46. Geology and underground water resources of northern Louisiana and southern Arkansas, by
A. C. Veatch. 1906. 422 pp., 51 pis. 

PP 49. Geology and mineral resources of part of the Cumberland Gap coal field, Kentucky, by G. H.
Ashley and L. C. Glenn, in cooperation with the State Geological Department of Kentucky,
C. J. Norwood, curator. 1906. ' 39 pp., 40 pis.

PP 50. The Montana lobe of the Kee ,'itln ice sheet, by F. H. H. Calhoun. 1906. 62 pp., 7 pis. 
B 277. Mineral resources of Kenai peninsula, Alaska: Gold fields of the Turnagain Arm region, by

F. H. Moffit; and the coal fields of the Kachemak Bay region, by R. W. Stone. 1906. 80pp.,
18 pis. (Out of stock.) 

WS 154. The geology and water resources of the eastern portion of the Panhandle of Texas, by C. N.
Gould. 1906. 64 pp., 15 pis. 

B 278. Geology and coal resources of the Cape Lisburne region, Alaska, by A. J. Collier. 1906. 54 pp.,
9 pis. 

B 279. Mineral resources of the Kittanning and Rural Valley quadrangles, Pennsylvania, by Charles
Butts. 1906. 198 pp., 11 pis.

B 280. The Rampart gold placer region, Alaska, by L. M. Prindle and F. L. Hess. 1906. 54 pp., 7 pis. 
B 282. Oil fields of the Texas-Louisiana Gulf Coastal Plain, by N. M. Fenneman. 1906. 146 pp., 11 pis. 
WS 157. Underground water in the valleys of Utah Lake and Jordan River, Utah, by G. B. Richard 

son. 1906. 81 pp., 9 pis.
PP 51. Geology of the Bighorn Mountains, by N. II. Carton. 1906. 129 pp., 47 pis. 
WS 158. Preliminary report on the geology and underground waters of the Roswell artesian area,

New Mexico, by C. A. Fisher. 1906. 29 pp., 9 pis.
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PP 52. Geology and underground waters of the Arkansas Valley in eastern Colorado, by N. H. Darton.
1906. 90 pp., 28 pis. 

WS Ifi. Summary of underground-water resources of Mississippi, by A. P. Crider and L. C. Johnson.
1906. 86 pp., 6 pis. 

PP 53. Geology and water resources of the Bighorn basin, Wyoming, by Cassius A. Fisher. 1906. 72
pp., 16 pis.

B 283. Geology and mineral resources of Mississippi, by A. F. Crider. 1906. 99 pp., 4 pis. 
B 286. Economic geology of the Beaver quadrangle, Pennsylvania (southern Beaver and northwest 

ern Allegheny counties), by I,. H. Woolsey. 1906. 132 pp., 8 pis. 
B 287. The Juneau gold belt, Alaska, by A. C. Spencer, and a reconnaissance of Admiralty Island,

Alaska, by C. W. Wright. 1906. 161 pp., 37 pis. 
PP 54. The geology and gold deposits of the Cripple Creek district, Colorado, by W. Lindgren and

F. L. Ransome. 1906. 516 pp., 29 pis.
PP 55. Ore deposits of the Silver Peak quadrangle, Nevada, by J. E. Spurr. 1906. 174 pp., 24 pis. 
B 289. A reconnaissance of the Matanuska coal field, Alaska, in 1905, by G. C. Martin. 1906. 36 pp.,

5 pis. 
WS 164. Underground waters of Tennessee and Kentucky west of Tennessee River and of an adjacent

area in Illinois, by L. C. Glenn. 1906. 173 pp., 7 pis. 
B 293. A reconnaissance of some gold and tin deposits of the southern Appalachians, by L. C. Groton,

with notes on the Dahlonega mines, by W. Lindgren. 1906. 134 pp., 9 pis. 
B294. Zinc and lead deposits of the upper Mississippi Valley, by H. Foster Bain. 1906. 155 pp.,

16 pis. 
B295. The Yukon-Tanana region, Alaska: Description of Circle quadrangle, by L. M. Prindle. 1906.

27 pp., 1 pi. 
B 2%. Economic geology of the Independence quadrangle, Kansas, by Frank C. Schrader and

Erasmus Haworth. 1906. 74 pp., 6 pis. 
WS 181. Geology and water resources of Owens Valley, California, by Willis T. Lee. 1906. 28 pp.,

6 pis. 
B 297. The Yampa coal field, Routt County, Colo., by N. M. Fenneman, Hoyt S. Gale, and M. R.

Campbell. 1906. 96 pp., 9 pis. 
B 300. Economic geology of the Amity quadrangle in eastern Washington County, Pa., by F. G.

Clapp. 1906.   pp., 8 pis. 
B 303. Preliminary account of Goldfield, Bullfrog, and other mining districts in southern Nevada, by

F. L. Ransome, with notes on the Manhattan district, by G. H. Garrey and W. H. Kmmons.
1906.  pp., 5 pis.

B 304. Oil and gas fields of Greene County, Pa., by R. W. Stone and F. G. Clapp. 1906. 110 pp., 3 pis. 
WS 188. Water resources of the Rio Grande Valley in New Mexico and their development, by W. T.

Lee. 1906. 59pp., 10 pis.

SERIES O, UNDERGROUND WATERS.

WS 4. A reconnaissance in southeastern Washington, by I. C. Russell. 1897. 96 pp., 7 pis. (Out of
stock.) 

WS 6. Underground waters of southwestern Kansas, by Erasmus Haworth. 1897. 65 pp., 12 pis.
(Out of stock.)

WS 7. Seepage waters of northern Utah, by Samuel Fortier. 1897. 50pp., 3 pis. (Out of stock.) 
WS 12. Underground waters of southeastern Nebraska, by N. H. Darton. 1898. 56pp., 21 pis. (Out

of stock.)
WS 21. Wells of northern Indiana, by Frank Leverett. 1899. 82 pp., 2 pis. (Out of stock.) 
WS26. Wells of southern Indiana (continuation of No. 21), by Frank Leverett. 1899. 64 pp. (Out

of stock.) 
WS 30. Water resources of the lower peninsula of Michigan, by A. C. Lane. 1899. 97 pp., 7 pis. (Out

of stock.)
WS 31. Lower Michigan mineral waters, by A. C. Lane. 1899. 97 pp., 4 pis.- (Out of stock.) 
WS 34. Geology and water resources of a portion of southeastern South Dakota, by J. E. Todd. 1900.

34 pp., 19 pis. 
WS 53. Geology and water resources of Nez Perces County, Idaho, Pt. I, by I. C. Russell. 1901.

86 pp., 10 pis. (Out of stock.) 
WS 54. Geology and water resources of Nez Perces County, Idaho, Pt. 11, by I. C. Russell. 1901.

87-141 pp. (Out of stock.) 
WS55. Geology and water resources of a portion of Yakima County, Wash., by G. O. Smith. 1901.

68 pp., 7 pis. (Out of stock.) 
WS 57. Preliminary list of deep borings in the United States, Pt. I, by N. H. Darton. 1902. 60 pp.

(Out of stock.) 
WS 59. Development and application of water in southern California, Pt. I, by J. B. Lippincott. 1902.

95 pp., 11 pis. (Out of stock.) 
WS 60. Development and application of water In southern California, Pt. II, by J. B. Lippincott,

1902, 96-140 pp. (Out of stock.)
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SEEIES LIST. V

WS 61. Preliminary list of deep borings in the United States, Pt. II, by N. H. Barton. 1902. 67 pp.
(Out of stock.)

WS 67. The motions of underground waters, by C. S. Slichter. 1902. 106 pp., 8 pis. (Out of stock.) 
B 199. Geology and water resources of the Snake River Plains of Idaho, by I. C. Russell. 1902. 192

pp., 25 pis.
WS 77. Water resources of Molokai, Hawaiian Islands, by Waldemar Lindgren. 1903. 62 pp., 4 pis. 
WS 78. Preliminary report on artesian basin in southwestern Idaho and southeastern Oregon, by I. C.

Russell. 1903. 53 pp., 2 pis. 
PP 17. Preliminary report on the geology and water resources of Nebraska west of the one hundred

and third meridian, by N. H. Darton. 1903. 69 pp., 43 pis. 
WS 90. Geology and water resources of a part of the lower James River Valley, South Dakota, by

J. E. Todd and C. M. Hall. 1904. 47 pp., 23 pis. 
WS 101. Underground waters of southern Louisiana, by G. D. Harris, with discussions of their uses for

water supplies and for rice irrigation, by M. L. Fuller. 1904. 98 pp., 11 pis.
WS 102. Contributions to the hydrology of eastern United States, 1903, by M. L. Fuller. 1904. 522 pp. 
WS 104. Underground waters of Gila Valley, Arizona, by W. T. Lee. 1904. 71 pp., 5 pis. 
WS 106. Water resources of the Philadelphia district, by Florence Bascom. 1904. 75 pp., 4 pis. 
WS 110. Contributions to the hydrology of eastern United States, 1904; M. L. Fuller, geologist in

charge. 1904. 211 pp., 5 pis. 
PP 32. Geology and underground water resources of the central Great Plains, by N. H. Darton. 1904.

433 pp., 72 pis. (Out of stock.) 
WS 111. Preliminary report on underground waters of Washington, by Henry Landes. 1904. 86 pp.,

Ipl. 
WS 112. Underflow tests in the drainage basin of Los Angeles River, by Homer Hamlin. 1904.

55 pp., 7 pis. 
WS 114. Underground waters of eastern United States; M. L. Fuller, geologist in charge. 1904.

285 pp., 18 pis. 
WS 118. Geology and water resources of east-central Washington, by F. C. Calkins. 1905. 96 pp.,

4 pis. 
B 252. Preliminary report on the geology and water resources of central Oregon, by I. C. Russell.

1905. 138 pp., 24 pis. 
WS 120. Bibliographic review and index of papers relating to underground waters, published by the

United States Geological Survey, 1879-1904, b^ M. L. Fuller. 1905. 128 pp. 
WS 122. Relation of the law to underground waters, by D. W. Johnson. 1905. 55 pp. 
WS 123. Geology and underground water conditions of the Jornada del Muerto, New Mexico, by

C. R. Keyes. 1905. 42 pp., 9 pis.
WS 136. Underground waters of the Salt River Valley, by W. T. Lee. 1905. 194 pp., 24 pis. 
B 264. Record of deep-well drilling for 1904, by M. L. Fuller, E. F. Lines, and A. C. Veatch. 1905.

106 pp. 
PP 44. Underground water resources of Long Island, New York, by A. C. Veatch and others. 1905.

394 pp., 34 pis. 
WS 137. Development of underground waters in the eastern coastal plain region of southern California,

by W. C. Mendenhall. 1905. 140 pp., 7 pis. 
WS 138. Development of underground watersin the central coastal plain region of southern California,

by W. C. Mendenhall. 1905. 162 pp., 5 pis. 
WS 139. Development of underground waters in the western coastal plain region of southern California,

by W. C. Mendenhall. 1905. 105 pp., 7 pis. 
WS 140. Field measurements of the rate of movement of underground waters, by C. S. Slichter. 1905.

122 pp., 15 pis. 
WS 141. Observations on the ground waters of Rio Grande Valley, by C. S. Slichter. 1905. 83 pp.,

5 pis.
WS 142. Hydrology of San Bernardino Valley, California, by W. C. Mendenhall. 1905. 124 pp., 13 pis. 
WS 145. Contributions to the hydrology of eastern United States, M, L. Fuller, geologist in charge.

1905. 220 pp., 6 pis.
WS 148. Geology and water resources of Oklahoma, by C. N. Gould. 1905. 178 pp., 22 pis. 
WS 149. Preliminary list of deep borings in the United States, second -edition, with additions, by

N. H. Darton. 1905. 175 pp. 
PP 46. Geology and underground water resources of northern Louisiana and southern Arkansas, by

A. C. Veatch. 1906 422 pp , 51 pis.
WS 153. The underflow in Arkansas Valley in western Kansas, 1>y C. S. Slichter. 1906. 90 pp., 3 pis. 
WS 154. The geology and water resources of the eastern portion of the Panhandle of Texas, by C. N.

Gould. 1906. 64 pp., 15 pis. 
WS 155. Fluctuations of the water level in wells, with special reference to Long Island, New York,

by A. C. Veatch. 1906. 83 pp., 9 pis. 
WS 157. Underground water in the valleys of Utah Lake and Jordan River, Utah, by G. B. Richardson.

1906. 81 pp., 9 pis.
WS 158. Preliminary report on the geology and underground waters of the Roswell artesian area, 

New Mexico, by C. A. Fisher. 1906. 29 pp., 9 pis.
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VI SERIES LIST.

PP 52. Geology and underground waters of the Arkansas Valley in eastern Colorado, by N. H.
Barton. 1906. 90 pp., 28 pis. 

WS 159. Summary of underground-water resources of Mississippi, by A. F. Crider and L. C. Johnson.
1906. 86 pp., 6 pis. 

PP 53. Geology and water resources of the Bighorn basin, Wyoming, by C. A. Fisher. 1906. 72 pp.,
16 pis.

WS 160. Underground-water papers, 1906, by M. L. Fuller. 1906. 104 pp., 1 pi. 
WS 163. Bibliographic review and index of underground-water literature published in the United

States in 1905, by M. L. Fuller, F. G. Clapp, and B. L. Johnson. 1906. 130 pp.
WS 164. Underground waters of Tennessee and Kentucky west of Tennessee River and of an adja 

cent area in Illinois, by L. C. Glenn. 1906. 173 pp., 7 pis.
WS 181. Geology and-water resources of Owens Valley, California, by W. T. Lee. 1906. 28 pp., 6 pis. 
WS 182. Flowing wells and municipal water supplies in the southern portion of the Southern Penin 

sula of Michigan, by Frank Leverett and others. 1906. 292pp., 5 pis. 
WS 183. Flowing wells and municipal water supplies in the middle and northern portions of the

Southern Peninsula of Michigan, by Frank Leverett and others. 1906. 393 pp., 5 pis. , 
B 298. Record of deep-well drilling for 1905, by M. L. Fuller and Samuel Sanford. 1906. 299 pp. 
WS 184. The underflow of the South Platte Valley, by C. S. Slichter and H. C. Wolff. 1906. 42 pp. 
WS 188. Water resources of the Rio Grande Valley in New Mexico and their development, by

W. T. Lee. 1906. 59 pp., 10 pis.
The following papers also relate to this subject: Underground waters of Arkansas Valley in eastern 

Colorado, by G. K. Gilbert, in Seventeenth Annual, Pt. II; Preliminary report on artesian waters of a 
portion of the Bakotas, by N. H. Barton, in Seventeenth Annual, Pt. II; Water resources of Illinois, 
by Frank Leverett, in Seventeenth Annual, Pt. II; Water resources of Indiana and Ohio, by Frank 
Leverett, in Eighteenth Annual, Pt. IV; New developments in well boring and irrigation in eastern 
South Bakota, by N. H. Barton, in Eighteenth Annual, Pt. IV. Rock waters of Ohio, by Edward 
Orton, in Nineteenth Annual, Pt. IV; Artesian-well prospects in the Atlantic coastal plain region, by 
N. H. Barton, Bulletin No. 138.

Correspondence should be addressed to
THE DIRECTOR,

UNITED STATES GEOLOGICAL SURVEY,
WASHINGTON, D. C. 

JANUARY, 1907.
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