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Gencrul Report

Means of monthly run-off at the Del Norte and
Otowi Bridge stations show that 70 percent of the
annual run-off occurs between April and July, inclusive.
The total mean annual water production from run-off,

1890-1935, in the upper basin, is estimated at 3,050,000
acre-feet on the basis of all available stream-flow
records. Of this total, 1,570,000 acre-feet originate
in Colorado and 1,470,000 acre-feet in New Mexico.
The production in the two States accounts for more
than 99 percent of the total for the basin. Of the
Colorado production, about 12 percent originates in
the Closed Basin.
Depletion in San Luis Valley.—As show-n by table 1,

the mean annual. run-off, 1890-1935, of Rio Grande
at Lobatos was 550,000 acre-feet. Over a long period
of years ending about 1927, there occurred a more or
less steady increase in the depletion of stream flow to
the southwest area in San Luis Valley; since 1927, there
appears to have been little change in the depletion.
Practically the entire flow of Rio Grande leaving San
Luis Valley comes from the southwest area: Taking
the average depletion, 1927-35, as representing present
conditions in San Luis Valley, it is estimated that the
mean annual flow under these conditions of Rio Grande
at Lobatos, 1890-1935, would have been 448,000 acre-
feet, or '102,000 acre-feet less than the mean of the
recorded flow.
Middle Valley depietion.—Accurate determination of

past stream-flow depletion in the Middle Valley is not
possible:because of the lack of adequate records of
tributary' inflow and uncertainty with respect to it.
An approximation has been derived, based on such.
data as are available, in order to furnish a reasonable
basis for analyses of the effect upon the Elephant
Butte-Fort Quitman section of present and given future
conditions of irrigation development in the San Luis
and Middle sections. The mean annual stream-flow
depletion, 1890-1935, Otowi Bridge to San Marcial,• is
estimated to have. been 586,000 acre-feet.- The corre-
sponding mean annual tributary inflow derived as a
residual in the method of estimating depletion is 359,000
acre-feet. Corrected for present development in San
Luis Valley, the derived values for mean annual Middle
Valley depletion and San Marcia! flow are 580,000 and
1,030,000 acre-feet, respectively.
Return .flow.—Return flow to Rio Grande in San Luis

Valley has, in 3 years, 1934, 1935, and 1930, averaged
17 percent of the total Rio Grande diversions, or 36
percent of those diversions which contribute return
flow to the river (excluding diversions to its closed
basin). A return of 44 percent of diversions was indi-
ca ted on the Conejos River by the data available for
1036. Return flow in the subdivisions of the Middle
Rio Grande Conservancy District in the Middle Valley
and the Rio Grarvie Project in the Elephant Butte-Fort

13

Quitman section reaches the river above, and is available
to, the next division downstream, except for return
from the lowest divisions, Socorro in the Conservancy
District and the Toruillo unit in Rio Grande Project.
Return flow in the Conservancy District, as indicated by
the total measured discharge of interior drains in 1936,
was 28 percent of the gross diversions. Data were not
available on net diversions. On the Rio Grande Proj-
ect, return flow, represented by the total of measured
drain flow averaged for the years 1930-36, was 50
percent of the average of total net diversions in the
same period.
Ground water.—There has been little utilization of

ground water as a basic source of supply for irrigation
in the Upper Rio Grande Basin. The ekfensive control
of ground water for the practice of subirrigation in
certain San Luis Villey areas is, perhaps, an exception
to this statement. The sources of recharge both to the
shallow and artesian ground water basins of San Luis
Valley are stream flow (chiefly as it crosses the alluvial
fans bordering the valley), irrigation diversions, and
precipitation on the valley floor. Depths to water in
San Luis Valley, as shown by July 1936 measurements,
were less than 5 feet over approximately 70 percent of
the Closed Basin and over most of the Bowen-Carmel
district and the general area east to the river. These
ground water conditions, especially in the central and
eastern portions of the Closed Basin, are favorable to
the disposal of large quantities of ground water by
evaporation and transpiration. A reconnaissance in
1936 of irrigation plants pumping from the shallow
ground-water basin in San Luis Valley showed 176, and
from discharges reported by owners or operators, the
total output of all the plants operating continuously
was estimated at 660 acre-feet per day. The number
and total annual discharge of artesian wells in San Luis
Valley were estimated from a 1936 inventory at 6,074
and 119,000 acre-feet, respectively. There is also an
annual discharge from artesian springs of about 47,000
acre-feet.
The sources of ground water in the Middle Valley are

underflow from the Mesas on either side and seepage
from the river, canals, and irrigated lands. In most
areas, seepage from irrigated lands is the principal
source, and the water in interior drains is largelv
derived therefrom. On the other hand, the river is,
without doubt, the source of roost of the water in the
riverside drains. Meager data indicate a total annual
underfiow from the mesas of between 50,000 and 100,000
acre-feet. Depths to ground water in the liddIe Rio
Grande Conservancy District in 1936, compared to
those in 1927 before drainage construction, show an
average lowering of the water table over the entire dis-
trict of 3 feet. October 1936 measurements showed
depths to water of less than 3 feet in 4 percent of tile

•

•

•

TX_00000585

US_MSJ_00005604



-

•

•

General Report

giving stations and since the river is confined to a nar-
row canyon for much of the intervening distance, it was
considered that corrections to past flow for present
development in the SaJanis section as applied to the
Lobatos record should be applicable, without change, to
the Otowi Bridge record. The corrections of table 17
were therefore applied to the Otowi Bridge run-off given
by table 153 in Appendix A to derive the figures of
table 32.
In order to carry the corrections for present develop-

ment through to San Marcial, it became necessary to
take into account the relation between Otowi Bridge
flow and .the Middle Valley consumption of inflow as
previously developed and shown by the curves of
figure 17. These curves were first entered with the
recorded Otowi Bridge flow (table 153) and then with
the corresponding Otowi Bridge flow corrected for
present San Luis Valley development (table 32). The
difference between the two curve values so obtained
gave corrections which were applied to the Middle
Valley consumption figures of table 22 to give those of
table 33, "Estimated consumption of inflow to the
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Middle Valley, Otowi Bridge to San Martial, under
present irrigation development in San Luis Valley."
In these new consumption values, adjustment was made
where necessary to conform to the total . available
inflow; that is, the new Otowi Bridge flow plus side
inflow. The corrections for San Luis Valley develop-
ment given by table 17, less the corresponding change in
Middle Valley consumption given by the difference
between the values of tables 22 and 33, gave the cor-
rections which were applied to the San Marcial record
(table 161, Appendix A) to derive the figures of table 34,
"Estimated run-off of Rio Grande at San Marcial,
N. Mex., under present. irrigation development in San
Luis Valley."

Return Water
-

In the main river valleys of the _upper basin a supply
of considerable magnitude is water which, once diverted-
for irrigation, returns to the stream as direct drainage
or as inflow front the ground-water basin. This "return
water" has its source (1) in losses from canals or other
conduits during conveyance of water from points of

TABLE 32.-Estimated run-off of Rio Grande at Otowi Bridge, N. Mex., under present irrigation development in San Laislrvelleg
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02.0 38. 0 38.0 43. 0 22.0 1, 577. 0 1 2.1. 1
itti 41.0 44.0 89. 0 305.0 616.0 69.0 34.0 113.0 05.0 30.0 1, 5.53. 0 144:1
'.,  
en 

39.0
95. 0

45.0
20.0

102.0
30.0

376.0
150.0

513.0
346.0

15.0
IL 0

5.0
20.0

19. 0
33.0

32.1.
31.0

24.0
26.0

1,411.0
973.0

112.
74.'

04 26.0 26.0 46.. 0 111.0 =. 0 33.0 22.0 10.0 43.0 40.0 641.0 51. 2
05 32.0 31.6 93.3 302.0 260.0 69.1 31.0 36.1 48.6 31.8 1,234.7 100. 2
55 32.9 37.3 57.2 152.0 133.0 13.9 33.8

_
30.3 39.6 35.0 693.3 52.4

33. 7 15.1 SO. 8 279.0 617.0 2.5.4. 01.5 106.0 09.5 31.2 1,779.0 142 2
5- 24.7 37.0 4..4 233.0 157.0 36.2 57.3 3.2.5 35.5 42.7 599.2 7717
00 22.0 :14.6 7412 163.0 113.0 Et 2 .01.1 29.6 56.0 2.5.2 676.2 711.1
100 33.8 31.3 52.0 44,5 912.0 10.3 42.6 22.0 34.2 07.0 039.8 .52.1
01 11.4 32.0 41.6 84.4 217.0 49.1 34.9 32.2 42.5 21.5 004.2 n.l. 1
1, 25.0 27.2 33.7 06.6 66.6 34.2 26.6 21..2 26.4 27.2 435.4 34.5

24. 1 29.7 94.2 172.0 380.0 241.6 27.1 26. S 32.2 27.0 3.407. 5 115. t
014 20.0 20. 2 29.3 33.3 30. 2 03. 0 130. 0 3M1.11 53.4 2.0.4 S17.(3 41.1.4
315 40.6 4.5.6 130.41 261, 0 031.0 36.7 21.2 27.0 11.0 39.9 1. 666. 0 1113 ;
114 37.11 32.13 22.0 17.6.3) 6412.0 06.0 M.14 11)3.0 -- 52.3) 3.133.1) 130.1'
1' 7.11, I) 713. 0 51.0 339.0 411). 11 113.0 71.11 44.11 30' .0 40.0 2.283.0 163. 5
1-55  47.4 32.0 96.0 1.10.0 37211 74.0 :15.0 23.11 32.0 .12') 221.0 13."
101. VI II 37.0 50.0 211.0 479.0 25.9 115.11 2.1.2 33.1 •33.1 3.1115.3 138. 5
,i. . .. . ...... . 00. 4 32.3 143:0 23.0.9 .2.53.0 211.1 20.1) 20.3) .12.5 311.3 1, US. ft
II 47. 7 .13.3 112.6 117.0 • 440O. I) no. o 45_3 473. 0 125. n !M. 0 2. (012), 1 1613::
12.  4.1.6 43.8 91.7 120.0 675.0 41311 3.03 3.4.2 33.3 332 1.6.67. 1
11  35.1 35.0 41.11 121.0 169.0 17.6 211.8 44.9 06.1 42.2 733.1 70.6
44  45,9 17.9 03.4 155.0 391.0 80.0 3)41.3 02.0 40.44 34.4 1, 27D. 1 1021
11 :6.3.0 12.13 54.0 716.31 424.0 21.3 32.4 33.) 74.4 34.7 1. 0/10. 1 320 :
1,• 42. 1 46.6 151.0 200.0 502.0 60.0 40.7 (53.0 81.7 4.78 I, 029. 3 126. 1!
I" 30, 3 44.. 5 62.6 140.0 271.0 3476 33.6 17.13 30.4 24,2 I. 174. 2 1355 t
14 3

'1
. .241.6 .50.8 no. 4 1 a2. 0 26.4 34.0 24.2 41.0 42.5 '740.9 r.A. 3

In It.=!!!".• _i.`164. 6 82.2 7431.3) 475.0 70.0 33.1 45.1 40.13 3135.1 1.402. 0 117.:
28 46.0 11.7 01.8 125.0 838.0 34.7 .13.3 32.7 43.34 35.4 3.3115.43 173. '
21  ; 34.2 44. 3 89.1) 436.3 M7. 0 166. 0 72.7 25.4 43.5 53.1) 1.102.1) 113.7
 ,

t
45.1
42.3

19.2
32.5

77.1
59.8

09.0
09,4

416.0
421.0

27.7
112.0

14.3
162.0

19.3)
116.0

33.9
1)1.5

44.2
73.0

1. 191. 0
1.0105. 1

20. '
112.'

21 .  ' 43.6 4175 42.1 Xi. n SOD. O. 30.2 3.1.0 2,3,0 31.5 50 4 I. Ort. 2 117.'
10 t 44.! • 45. 1 72.C. 117.0 121.0 4166 47. 0 51.1 16 7 0763 051.0 711.
54 ' 413.8 .14.4 .0.5.6 159.8 423.0 . 20.) 21.11 25.6 31.0 4473 1.2.13. 1 93. ;
,- I 33. 1

.
24.1 r7. 7 173.0 461.0 50.3 167.0 127.1) 75. I ms. I 1, 619. 4 129. 1

..'   • M. 7 6.4 1 6.0. -1 64. 1 333.4) 24.5 13.3 21.1 30. 6 3.77 0.35, 3 117 I
•1  - 31. 7 41.3 72. 5 118.0 340.0 11320 129. 0 1 3)4. n --0 0 46. :4 1.374. 3

'39.
1119 "

35 5.4 2 0 I0 331. 6 214. 0 133.9 63. 3 20. 0. 0 3 7 1 35 1 910. ̂ 73. :
i f  3376 43,4 .30.1 (393 124.8 02.4 02.0 7470 42.7 5.1.0 000. .52 :
I' 43.2 64.0 133.0 237.0 A33. n 49. 5 20.1 3.1.1 S4, 2 07. 4 3655..>
21 52.1 nn, 5 1 .3.3..0 5. 3 0 tim. 0 73.2 :33.3 3(3.2 770.7  ' 41.7 757, a 41. ;
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1,

:33 rluE. t-r• of closed 13:3,10 arm. S:30 Lui5

2.243
74.05

'231 ; 57. .770 16.
15. 13 (3.97 1.23 :3.71

0:311 10.311
':3 :01 • 

1:1 51 1.230 7
:1.31 1141 11

•

TX_00000620

US_MSJ_00005605



IS lei', Griffith' jt,; I ltre$11gC11 ;WE

rABL3-. 33.-Esiitnaicd crin30011600 of inflow to the Middle ratty, Ointri Bridge In San Marcia!, under present irrigre inn dcretopment is
San Luis l'anev

IT-Tuit 1,000 acre-tech!

_ .....,..

Year I Ja u 1.1.7MarF
.

1

Nlarch I April 1 May June
i

July A ut-us t
1 om
- 
se 
-T,;tc-r--- October

Verem•
' ber

Doccm.
be r Inaual

•
.

:On 110 15.0 44.0 115.0 1341.0 04. 0 79.0 44.0 30.0 30.0 26.9 24. 0 0.57.0
cni • 120 17.0 50.0 80. 0 130.0 60.0 SI. 0 46.3 29.0 43.0 33.0 29.0 03.9.0
606 12.0 11.0 70.0 199.0 103.0 92. fl 48.0 15.0 9.0 15.0 29.0 IS. 0 629.9
;go  ; 10 0 15.0 30.0 100,0 97.0 173.0 30.0 58.) 20.0 25.0 21.0 10.0 573.41
809 11.0 54,0 35.0 73.0 9.1. 0 33,0 • 19.0 22.0 22.0 12.0 32.0 29.0 4410.0
,.03 11. 0 15.0 45.0 70.0 93.0 93.0 77.0 46.0 26.0 29.0 211.6 24,Q 573. n
cqa 12.!) 15.0 49.0 77.0 SF. 0 27.!) 27.0 50.0 22.0 77.0 27.0 22.1) 409.0
kg- 12.0 10.9 415.0 105.0 133.0 95.0 66.0 26.0 34.0 34.0 32.0 26.0 620.0
49.9 11.0 16.0 35.0 79,0 91.0 104.0 72.0 34.0 17.0 211.0 32.0 21.0 549.0
50() , 10.0 10.11 55.0 130.0 60.0 20.0 40.0 24.11 31.0 27.0 44.0 216.0 3520
NM 12.!) 1.9.11 40.0 46.0 04.0 06.0 20.13 10.0 31.0 21.0 01.0 20.0 429.0
gOi 0.01 15.0 36.0 67.0 35.0 80.0 46.0 41.3 30.0 27.0 27.0 75.0 435.0
ono 1.01 14.0 31.0 70.0 53.0 25.0 17.0 33.0 23.0 21.0 23.0 20. 0 3.53.0
5(51 10.0 14.0 47.0 77, 0 94.0 tno. 0 SO. 0 27.0 23.0 25. 0 25. 0 20.0 3.55.0
404 10,0 14 0 29.0 35.0 31.0 17.0 15.0 50.0 246.0 62.0 311.0 22.0 402.0
00; 12.0 17.0 33.0 60.0 113.0 109.0 53.0 34.0 22.0 25.0 20.0 22.0 366.0
106 10.0 15.0 40.0 76.0 163.0 124.0 82.0 43.0 30.0 43.0. - 32.0 26.0 710.0
)0- 13_0 17.0 45.0 179.0 IM. 0 156.0 205.0 72.0 42.0 33.0 29.0 23.0 077.0
sfiS 13.0 17.0 311.0 73.0 64.0 54.0 04.0 44.0 33.0 3L0 23.0 21.0 537.0
1(11) 11.0 16.0 -10.0 135.0 249.0 189.0 73.0 47.0 43.0 34.0

.
25.0 23.0 03.0

110  • 12.0 15.0 (011.0 124.0 225.0 OLD 12.0 21.0 20.0 21.0 29.0 22.0 333.0
.11 1 20.0 14,0 49.0 75. 0 110. 0 03.0 99. 0 43.0 33.0 54. 0 62.0 33.0 695.0

12.0 . 17.0 49.0 73.0 Mo. 0 109.0 62.13 39.0 28.0 2.0,0 26.0 20.0 :- 710. 0
.13 : 12.0 16.0 36.0 78.0 69.0 72.0 43.0 14.0 24.0 31.6 29.0 25.0 464.0
. II • 13.0 17.0 47.0 76.0 111.0 90.0 89.0 49.1! 46.0 60.0 29.0 22.0 630.0
15 i 12.0 56.0 41.0 83.0 38.0 210.0 74.0 44.0 23.0 21.0 26.0 23.0 61(3.0
,10 , 13.5 17.4) 39.0, 79.0 99.0 140.0 83.0 55.1) 31.0 51.0 32.0 25.0 674.0
.17 . 13.0 17.0 42.0 73.0 05.0 104,0 513.0 00.0 23.0 19.0 23.0 20.0 5.57.0
;10 ' ILO 14.0 42_0 5811 00.0 00.0 60.0 27.0 34.0 23.0 27.0 24.0 409.0
19 ' 12.0 17.0 46.0 79.0 100.0 00.0 02.0 -09.0 29.0 33.0 29.0 26.0 601_0
20 1 13.0 20.0 44.0 73.0 330.0 110.0 01.0 43.0 29.0 30.0 3.0 33.0 763.0
21 ' 12.0 17.0 43.0 37.0 Pt 0 103.0 82-0 ST. 0 39.0 25.0 25.0 23.1) 387.0

13.0 17.0 46.0 70.0 17.)) 96.0 61.0 27.0 14.0 16.0 36.0 33.0 328.0
71 • 12.0 17.0 42.0 15(1,Q 101.0 63.5 66.0 44.0 43.0 40.0 2.4.0 26.0 393681
24 13.0 15.0 30.0 04.0 109.0 92.0 56.0 30.5 22.0 27.0 32. 0 41.0 366.0
25 30.0 17.0 45.0 70.0 si.. 0 60.0 83.0 56.0 23.0 40.0 30.0 77.0 557.0
"r, • 20.0 30,1) ro. 0 76.8 110.0 164.5 52.0 21,0 21.0 24.0 45.0 24.0 601.0
27 . 12.0 16. 0 44.0 7.0 150.0 03.10 159.0 42.0 51.0 47.0 32.5 27.0 750:0
20  , 14.0 17,0 44.0 67.)) 061.0 SO. n 31.0 70.0 15.0 20.0 33.0 22.0 512_0
33 ' 13.0 17.0 44.0 73.0 97.0 00.0 64.0 410. 0 49.0 45.0 35.0 25.0 509.11
30.  
31 

1
i 14.0

12.0
13.0
17.0

40.0
39.0

75.0
620

07.0
83 .0

61.0
47.0

02.0
26.0

44.0
7.0.0

24.0
37.0

315.0
39.9

27.0
27.0

25.0
24.0

334.0
435.0

32 I 12.0 15.0 52.0 93.0 136.0 50.0 90.0 41.0 2(1.0 27.0 26.0 22.0 634.0
33 : 12.0 . 15.0 40.0 55.0 91.0 92.0 47.0 31.0 27.0 26.0 27.0 23.0 498.0
34  , ' 12.n 17.0 40.0 68.0 49.0 1(1.0 14.0 17.0 22.0 21.0 10.0 20.0 315.0
13 4 12.0 16.0 lS.0 112.0 02.0 95.0 61.0 30.0 37.0 33.0 25.0 22.0 670.0

-year mean ' 12. 6 IR. 8 45.3 83.2 109. 6 93.0 54.3 37.4 32. 2 31. 5 30. 2 24.0 500.2

TABLE 34.-Estimo1cd rim -off of Rio Grande at San Marcial, N. Mex., under present irrigation development in San Luis Valley

fDrafnage area 24,170 square mi es.1 Unit 1,000 acre-fect]

Year January February March

•

April May June July Aucust

.

Sentenl.
bar

October ber 
•

Deccu"'
ber Annual

A.0 nun]
rtlet.oll i a
1)01'm a 1
of mean

4)  313.0 20_0 152.0 581.0 002.0 213.0 30.0 40.0 31.0 0 25.0 42.0 1. 174. 0 113.9
.1  36.0 63.0 153.0 293.0 906.0 345.0 80. 0 30.0 94.0 100.0 24.0 38.6 Z 163. 0 210.0

36.1) I 44.0 56.0 210.0 529.0 140.0 42.0 1.0 2.6 0 6.0 12.0 1, 083. 0 185.0
,3  70 13 ) 25.0 . 17. 0 51.0 200.0 0 0 0 0 3.0 '0.0 20.0 451.0 46.6
44  M. 0 2.5.0 .36.0 109.0 173.0 33.5 16.0 0 .3.2 32.0 11.0 27.0 503.2 45.0
5  31.0 32.5 137.0 244.0 130.0 100.6 130.0 155.0 13.0 19.0 25.0 43.0 1, 233. 6 120.2
A  39.0 c... 0 45.6 183.0 114.0 0.9 28.7 7.3 0.7 46.9 19.4 42.1 351.4 35.0
.-  25.5 2.9. 3 36.8 1911.0 070.0 270.0 31.0 6.1 119.0 33r.0 11L0 . 160.0 • 2, 003. 7 2113.3
9  63.7 I 70.4 RO. 2 2110.0 134.0 110.9 116.0 12_3 3.7 LO. 13.2 25.4 sal. 4 53.2
.8  24.0 20.6 3.3.3 30.1 21.0 5.0 N.{ 0.4 1.9 2.7 21.3 21.0 226.8 22.0
.5  39.61 34.1 36.2 3.3 144.0 121_0 0.1 0 35.5 o_ 1 7.4 9.1 424.0 41.1
1  20.0 oo 12. 1 ., 01.7 225.11 50.3 33.3 41)15 34.6 18.0 39.1 2L2 620.2 60.6

75.7 -9,6. 0.,' 39.! 25. 8 • 0.4 0 '10.2 13.8 0.5 7.6 14.3 2410.6 15.0
1  20.2 2.5. , 1. 8 10(1.3 1152.0 5011.0 53.0 3.1 2.4 2.5 5.3 21.5 1, r18.5. 1 000.2
t... ... . .... ......... . 10. 5 19.9 11.1 1.11 0 o 10.9 57.0 1)4,7 011.0 23.0 41.6 777.0 75.4
i  34,1 fii. 0 201.0 261.0 7181.0 567.0 35.8 10.1 4,3 7.3 45.4 33.3 2, (*4.2 2010.2
11  301.5 34,7 39.0 147.0 419.0 290.4) 91.0 30.2 22.0 70.5 75.5 84.1 1, 391. 5 . 12.9 Cr
7  54.5 05.7 54,3 170,0 ,03.0 363,4) 209,0 114.0 122.0 46. 0 .93.5 47.7 1, 721. 5 3417.0
.1  47.0 .12.0 60.4 251.0 Ili. 0 72.5 48.0 7(5.7 3.7 0.9 27.9 39,4 704.0 04.3
1 •   .15.0 31.3 44,11 50.0 2411.0 ma 6 42. 1 41.7 020.9 .1?,? 30.6 11.5.0 998.4 6,41.9
r4 ' 60.3 44.0 1241.0 041.0 23.5.6 52.1 1.5 7.3 3.0 0.6 14.0 2)1.2 713.5 F.0. 2
..  25.2 02.1 411.0 00. 5 4104.0 209.0 317.0 51.2 27.2 431.0 1)2.0 02.0 1.710. $ 177.7

44,3 44. I 71.7 105.0 4711.0 3113.0 115.0 17.5 4.6 4.0 24.6 20.9 1, 131.4 125.3
-  25.4 35.1,.... . . ........  31.0 7(1.! (59.0 49.5 6.9 0.2 4.5 32,1 .16.2 49.9 sin. 2 49 3
I 42.1 . 45.! (71.0 03.01 2 141. 0 535.0 135.0 02.2 II, 1 73.3 37.2 30.0 000. 1 83.2
4... ... . .   39.1 4Q11 .00.2 25.5.5 334. 0 263.0 119.0 36.2 10.0 9.41 21.7 33.4 1, 227. 6 • 111.1

49. 9 -11. 1 1,11,0 200.0 437.0 229.0 64.7 M. 8 12.4 177.0 76. 1 4S.0 1. 592. 8 1223
41.6 ' 42.!) nr. 7 74.6 190.0 371.0 109.0 4.1 0.7 0 6.5 21.9 I, 013. 9 09.2

5  24.0 1 15.3 35.6 30.5 121.0 73.2 20.4 1,7 n 400 23 0 i an 7 Ant 9 I 99 ̂

Exclusive of closed basks area, San LUiE

•

•

•
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• TABLE 34.-EXtuated run-of of flio Grande at San Marcie, N. 3Iex., under present irrigation development in San Luis Valley-C on.
[Drainage area 24,176 squnre miles. roll 1,000 acre-feet

•

Year
-

Jan.

-
- - - I
Tell Mar I 6 pr Mac I June %Is* Aug. Sept. Oil. :Cu v. Dec.

A unu01
Anuual run.° II 1 n

ptreet.9.
or tneaa

•
. •

919 32.4 39.4 72. 6 262.0 392.0 149.0 234.0 73.8 6.3 29.3 36.0 60. 1 1. 409. 4
920  49.3 64.4 612 130.0 934.0 754.0 175.0 33.9 2.9 6,7 • 34.1 316 2, U69. 4

33.0 41,9 60.5 3s.4 195.0 430.0 206.0 134.0 42.9 13.9 30.7 53.2 1, 310. 4
31.3 47.5 57,5 75.3 335.0 231 0 17.6 I) D 0 4.0 14.7 , 90U.0

523  39.9 35. 1 , 54.9 i 60.5 531.0 100.0 23.5 62.1 107.0 70.6 95.0 72.2 1. 169. 6
924  50.0 64.1 £4.0 346 0 224.0 133.0 .50.0 7.2 2.9 0 l 0.6 16.1 5,267.0
92;   19.4 32.0 30.4 93.1 147.9 6.6 08 16.3 31.0 45.0 35.3 33.0 435.5
920 42.2 20. 1 43.0 103.0 420.0 253.0 27.2 2. 6 3.9 3.2 

1
6.9 33.4 971.0

92 36.7 57.9 36.4 132.0 1.I2. 0 165.0 111 0 03.8 196.0 101.0 07.1 50.9 1, 343. 0
920 48,6 46.0 417 21.0 -Z7.0 39.0 0.0 9.4 2.0 1. 0 I 7. 3 29.0 531.6
529  29, 5 34.6 51. 0 7s. s 274.0 125. 0 44. 1 270.0 Nth 0 123.6 19. 2 49.4 1,451. 6
530  44,5 52.9 59.1 270.0 123.0 76.5 70.3 50.1 4.5 4.3 I 10.0 32.1 723.0
931  39.2 42.5 36.6 32.1 92.5 7.1 5.0 , 6.9 62.0 66 6 . 32.5 53.9 503.3
.91/  - 45. 7 64.0 97.2 533.0 433.0 133.0 157.0 65. 7 11.2 15.5 ! 32.6 35. 3 I. 367. 5
1933  45. 1 39.6 44,5 16.5 102-5 234.0 55.2 37.9 42.3 15. 9 '39. 0 47.2 730.0
1 534  46. 9 45.3 33. 7 42. 5 4. 4 0.1 0 11. 7 25, 5 1.9 i 2. 6 27. S 262.5
.335 4.9 41.1 32.4 27.3 179.0

...........
397.0 22.0 100.0 614.6 35.2 , 47.2 41.0. 1, 076 5

:
37. 3 41.2 516 123.5 239.9 191.5

. ...
75,0 42.7 37.2 55.5 ! 34. ' ' 41.3 1,031.0  Mean 

Percent of annual  3.62 4.00 5.97 IL 95 2a12 is. sr 7.27 4.14 3.51 2.45 [ 3.32 1 3.96 100.0  

diversion to points of use, (2) in surface drainage from
the land after irrigation, and (3) in seepage to the under-
ground basin. Beginning a few miles below Del Norte
in San Luis Valley, Rio Grande receives varying
amounts of return flow along many sections of its course
to Fort Quitman, Tex. Return flow above Alamosa is
available for rediversion and use in San Luis Valley.
During the irrigation season the flow near Lobatos is
largely return flow except for a few indivertible peaks
which pass during short storm and flood periods. Thrs
flow is lost to San Luis Valley but becomes available
for the Middle Valley section. In each of the subvalleys
of the latter much of the return water reaches the river
at the lower end and becomes available for rcdiversion
in the succeeding valley. Below the San Acacia diver-
sion at the head. of Socorro Valley the return flow is
lost for use in the Middle Valley but passes on to the
Elephant Butte Reservoir and ultimate use in the
Elephant Butte-Fort Quitman section. In the latter
the return water of each sub-valley becomes available
to that next lower as far as the Tornillo heading of the
Rio Grande Project. Below this, return water is avail-

able to the Hudspeth County Conservation and
Reclamation District.
In estimating the water supply for the major units

of the upper basin  future conditions of
irrigation developmen7fle return water is an impor-
tant consideration. In the following paragraphs, there-
fore, such data as are available with respect to its past
and present volume and occurrence arc presented.

The San Luis Section

In the analysis of return water in the San Luis Valley
three units are considered: (1) the Rio Grande area
from the Del Norte gage to Alamosa, (2) the Conejos
area, and (3) the southwest area, excluding. the Couejos
area. In the first unit the return water may he taken

as the residual quantity when the outflow at Alamosa
is subtracted from the inflow at the Del Norte gage
and appropriate alloWance is made for intervening
diversions. The return flow so derived will include
that in definite channels, such as the Rio Grande drain
from the north, the Bowen drain from the solth, and
Finos and San Francisco Creeks, together With that
coming in as ground-water seepage. l'inos and San
Francisco Creeks are largely diverted, and a.ceintlingly
their inflow to the river is itself chiefly return water.
The necessary data for this derivation are available
for the years 1928 to 1936, inclusive. Rio Grande flow
at the Del Norte, Monte Vista, and Alamosa gages is
given by tables in Appendix A. The diversions, 1928
to 1935, were compiled and furnished through the
Colorado State Engineer. Those for 1930 were ob-
tained under the Rio Grande joint investigation. The
computation of the return flow in this unit, by months,
for 1936, is shown in table 35. It will be noted that a
division was made to give the return flow in two sec-
tions, Del Norte to Monte Vista and Monte Vista to
Alamosa. The results similarly derived for the years
192S to 1935, together with . the 1930 data, are summa-
rized in table 36. From this table it would appear that
in the last 3 years there has been a marked increase in
return flow between Del Norte and Alamosa. To a
considerable extent it varies, as should be expected,
with the amount of the diversions. For example, in
1931, a year of very low water supply, the total of the
diversions was only 307,500 acre-feet, and the return
flow dropped to 11,800 acre-feet, or 3.S percent of the
diversions, from a figure of 38,400 acre-feet in 1930,
or 7.7 percent of the total diversions of 499,100 acre-
feet in that year. However, in 1934, another very dry
year, with total diversions of only 309,200 acre-feet,
the return flow amounted to 37,700 acre-feet or. 12.2

percent of the diversions. This, taken with the return
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General Report

The Elephant Butte-Fort Quitman Section

Except for the Rio Grande Project, drainage data for
this section are incomple.t.D.. On the project the dis-
charges of the drains Orid:oli division, Rincon,
and El Paso, have beirru-itiSured for many years, and
the data are available to derive the net diversions in
each division. Comparison of drainage return and net
diversions is therefore possible. Table 45 gives the net
diversions and drainage return in acre-feet and in per-
cent of diversions for each division and for the total
project for the years 1930 to 1936, inclusive. It will
be noted that the percentage return is high, the 7-year
mean for the project being 50.3 percent. An important
factor contributing to high return is seepage losses from
the very large mileage of main canals and laterals re-
quired to irrigate the long narrow valleys.

TABLE 44.-Gross riser diversions in the Middle Rio Grande
Conservancy District, 1956

[Unit acre-fect]

Month

Division

District
total

Cochiti Albu-
querque Belen Socorro

January 0 . 10 so 0
February 10 10 0
March to 0 o 0
April 6.500 29.700 36.100 6.600 78, 900
May 10,000 37, BOO 39.300 11.200 96.6110.
Julie 0,000 36, 300 37.600 11,400 94. 500
July 9.800 34. 403 30.600 7.600 60.400
August 9.800 30.000 32, 300 IL 000 83, 100
September  7.300 27, 400 25.700 7.800 60.200
October 7.900 24, 200 17.860 6.400 56,300
November 7 SOO 10. 700 19. 600 0.300 41.400
December 6.900 0.560 0 0 12, 400

Year  70.000 236. 000 240. MO 60.300 617.060'
Acreage irrigated 5.203 22, no 23, S95 7.237 • 50.159
Diversions in acre-feet per trig-

gated acre 16.40 10.35 10.03 9.03 10.42

Estimated.

The monthly distribution of the drainage return as
derived from the 1930-36 means for the total project
drainage is as shown in table 46.

Ground Water

Another source of water supply in the upper basin is
the water collected and stored in its underground reser-
voirs. These are charged by percolation from rainfall
and from water applied in irrigation, and by seepage
from canals and natural stream channels. Withdrawals
or discharge from the ground-water basins may occur
through pumping, the flow of artesian wells and springs,
evapo-transpiration losses at the ground surface where
the water table is high, artificial drainage, and under-
flow, of which the latter may appear as inflow to stream
channels ,at lower elevations.

TABLE 46.-Monthly distribution of drainage return, Rio Grande
Project, 1930-36

Month

Total project drain-
ace return mean
for years 1930-36,
inclusive.

Month

Total project drain-
age return mean
for years 1830-36,
inclusive.

In 1.000
acre-feet

In per-
cent of
annual

In 1,003
acre-feet

In per-
cent of
annual

Januar- 11.-S 5° August 41.0 11.5
February_ 14.0 5.1 September 37. 10.4
March 7 7.0 October 29.4, 8.3
ApriL 32. I 9.0 November r; to
May 35.0 9.6 December 2111 - 0.9
June 39.2 10 2

330.6 100.6July 39.5 11. 1 Annual 

The principal ground-water basins for Consideration
with respect to water supply in the upper basin are
these underlying the San Luis Valley, the Middle
Valley from Cochiti to San Marcial, and the Rincon,
Mesilla and El Paso Valleys. In none of these areas
has ground water been utilized to any appreciable
extent as a primary or basic source of supply for irriga-
tion, although the extensive control of ground water for
the practice of subirrigation in western San Luis Valley
areas might be considered as an exception to this state-
ment. Moreover, there appears to be no immediate

TABLE 45.-Net diversions and drainage ref urn, Rio Grande Project, 1930-66

[Unit 1.003 sere-feet except as otherwise noted]

Divisions

Riucon Mesllla
,aiiiWZ -

Year
Drainage return Drainage return I

Net di-
version

Amount Percent of
diversions

Nat di-
version

Net di.I .. •
I f: ento

A r2"-- 
Perceot o
!diversions;

1030 64.4 31.9 49. 424. 1 113. 43.4 265.1
1931 64.0 '26.1 57.3 410.7 Ppt. 5 47.0 tr17. 0
1931 73-9 30.2 .73.0 439-3 14.i. 4 44.2 244.6
1953 69.4 41.0 59. 1 416.3 2o5. 4 40.4 243.4
1914 52. 7 40.0 49.3 436.3 217. 11.1 243.3
1935 51.3 20.5 12.3 t."J3. 1G7. 1 20.0 190.1
1831 63.0 23.5 45.3 368.8 11.5. 2 10.2 237.4 ;

1,1 tan 17.0 32.0 42.2 397.8 192.9 46.5 I 242.1 I

El Paso

Project total

Drainage return I

Net di-
version

Drainage return

Percent of 1Amount 
ul 
.• •
VerSID0E

Amount Percent of
diversions

132.1 46.4 754.8 348. 2 46.0
131.2 53-4 711.7 344.4 51.2
134.0 54.4 755.0 371. 41. 0
137. 2 5,3.4 729. 1 353. 52. G
132.5 30.1 774-3 391. 5 50. 5
11)0.1 53.1 541. 3113.4 52. 3
112.9 47. 619. 2 326. 49.8

127. 7 , MG. 9 351.0 50.3
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probability of extensive ground-water development as
a basic supply, except as the recurrence of dry years
may result in increased pumping_in San Luis Valley,
or Wagon Wheel Gap ReserToi-r-I:if constructed and
accompanied by power cleveTO-Aent„ may create a
condition favorable to ground-water pumping in that
valley. This investigation accordingly has been con-
cerned with the relation of ground water to present
utilization of surface supplies and to present losses by
evaporation and transpiration in seeped areas, rather
than with potentialities of ground water as a basic
supply. It is to be observed, in general, that extensive
development of ground water for irrigation would add
no new water to the tipper Rio Grande Basin and that
recharge of the ground-water basins would necessarily
involve a draft on surface supplies which are now
utilized otherwise. The chief element to be considered
in such a development would be the redistribution of
the availability and use of present supplies and the
resulting effect upon the water supply of lower major
units.
As a part of the Rio Grande joint investigation, the

nature and occurrence of ground water in the San Luis
and Middle Valleys was studied by the Ground Water
Division of the Geological Survey and the report of
that study-constitutes part II of the present report.
Some of the salient features of the study are reviewed
in the following paragraphs.

San Luis Valley

The entire floor of San Luis Valley is underlain by a
body of unconfined water at shallow depth. The only
major development of this body of ground water, with
the exception of its control for subirrig,ation in parts
of the valley, has been the construction of stand-by
irrigation wells in the agricultural area on the west
side of the valley, where the wells are used in periods
of water shortage. Beneath the shallow ground
waters, and separated from them by a confining bed,
lies a large body of artesian water, occupying numerous
strata in the valley fill. The artesian water has been
developed extensively for domestic, stock, and irriga-
tion purposes, more than 6,000 flowing wells having
been drilled. The principitMaitirea- of the 1936 in-
vestigation were the measurements of water levels and
fluctuations of the shallow ground water and an
inventory of the discharge of artesian wells.
Unconfined or shallow ground water.—The shallow

valley fill which contains the unconfined ground water
is present under the valley floor as a continuous deposit
ranging in thickness from 10 to 90 feet. Beneath it are
the impermeable beds which form the upper confining
surface of the artesian basin. At the edges of the valley
floor these impermeable beds "feather out" and there
:ire marginal strips of unconfined ground water. This

Tho Grande Jo; nt Investigation

water, moving laterally toward the center of the valley,
is a common source of supply for both the shallow and
artesian basins.
The yield of shallow wells in the valley ranges widely

in accordance with the character of the sediments of
the valley fill. An investigation of wells sunk for
irrigation pumping in nearly every part of the valley
showed, in general, that the successful wells are all on
the west side of the valley, on or near the alluvial fans.
The greatest concentration of irrigation wells is on the
Rio Grande alluvial fan. Another group is east of
the Monte Vista Canal in the Bowen-Carmel area and
there are a few scattered wells on either side of Rio
Grande in the vicinity of Parma. The average yield
of wells in these areas is about S50 gallons per minute;
some wells report yields up to 1,600 gallons per minute.
In the central and eastern parts of the closed basin,
practically all attempts to pump for irrigation have
failed, chiefly because of the inability of the sediments
to yield water readily.
The form of the water table in the closed basin as

shown by ground-water contours plotted for October
1936 shows a close resemblance to the general forma
of the land surface. The water table slopes from the.
west, north, and east toward the trol..4e1 of the valley,
and the lowest point is about 6 miles south of Salt
Luis Lake. Here the contours indicate a closed
depression with the water table sloping toward it on
all sides. From the Rio Grande alluvial fan the
movement is toward the northeast, east, and southeast,
but there is indication that along the south side of
this fan, and north of the river between Monte Vista
and Alamosa, the movement is toward the Rio Grande.
With the latter exception, the October 1936 contours
indicate that none of the ground water of the closed
basin is moving out of the area.
Except on steep alluvial slopes and fans, where it

may be 100 feet or more, the depth to ground water
over most of the valley floor does not exceed 10 feet.
Depths-to-water contours for July 1936 show less than
5 feet over approximately 70 percent of the closed
basin and from 5 to 8 feet over 20 percent of it. In
the Bowen-Carmel district and the general area east
to the river, they show less than 5 feet in most places,
with an increase to the west where the alluvial fan of
Gato and .4.1amosa Creeks begins.
Fluctuations of the water table maintain a balance

between the annual amount of water replenishing the
underground supply and the annual amount with-
drawn or discharged. In San Luis Valley the fluctua-
tion., follow closely the seasons of the year, but they
are not uniform throughout the valley. In the western
areas, where subirrigation is practiced, there is a sharp
and pronounced rise of the water table at the beginning
of the irrigation season, usually about April 1. At

•

•
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drains per mile as measured in the Isleta-Belen section
during the winter of 1936-37 when there was little, if
any, irrigation.
If these figures of river arc7---n --tesa seepage are approxi-

mately correct, the much hcrgertipparent loss of water
in the valley in former years must have been due
chiefly to other causes, and there must have been other
and more important sources of water to support the
transpiration of native vegetation. Losses from the
river other than by seepage were by diversions for
irrigation, by evaporation in the river channel to an
extent probably greater than now obtains, and by
losses suffered through spreading of the water and
consequent infiltration during floods. Of these, diver-
sions for irrigation must have been, by far, most
important.

Rincon, Mesilla, and El Paso Valleys

Ground-water data for these valleys are very meager
and no study of ground-water conditions in them was
included in the Rio Grande joint investigation. These
valleys comprise the Rio Grande Project, which is well
provided with open drains that satisfactorily maintain
ground-water levels at the depths below ground sur-
face required to prevent waterlogging and seeping of
the lands.
Periodic measurements of the depths to 'ground

water in 55 to SS wells in Mesilla Valley have been
made by the Bureau of Reclamation in every year
since 1924. The observations were made and the re-
sults were used chiefly to derive the annual increment
or decrement. of ground water as a necessary factor in
computing the annual consumptive use of water in the
valley by the inflow-outflow method. The data were
made available to the Bureau of Agricultural Engi-
neering and were used by the bureau in its study of
the consumptive use of water in I\ fesilla. Valley as
reported in part III of this report.
Average depths to ground water in Mesilla Valley

as shown by the January observations have been
between 9 and 10 feet throughout the period from 1924
to date.

Quality of Water.

In the Upper Rio Grande Basin drainage from the
irrigation of upper lands returns to the river and is
rediverted to lower lands, and this process is repeated
many times in the length of river valleys from the
upper to lower limits of the basin. Also the major
portion of the water supply reaches the river in the
upper portions of the basin with very little contribu-
tion from downstream tributaries. Under these con-
ditions the salt concentration of the downstream irriga-
tion waters becomes incre.asingly higher. Quality of

Rio Grande Joilit Intrtigatinn

water, as well as quantity of water, becomes, therefore,
an important consideration, particularly with respect
to the waters that are available to the lowest lands in
the basin, such as those in 3 Tornillo unit of the Rio
Grande Project and in the Hudspeth District. With
higher salinity of the irrigation water, more abundant
applications are needed to prevent the accumulation of
salts in the soil and resultant deleterious effects upon
plant growth.
In view of these conditions, a comprehensive investi-

gation of the quality of water was made a part of the
Rio Grande joint investigation. Samples of water for
analysis were taken at frequent intervals from streams,
drains, and ground water throughout the basin. These
samples were taken under the supervision of the Geo-
logical Survey by the field men and members of other
agencies cooperating in the investigation. The analy-
ses were made by the.Geological Survey, the means
employed consisting of conductance tests at field labora-
tories at Albuquerque and Alamosa, and complete
determinations at Washington. Assembly and compila-
tion of the analytical data, together with the summari-
zation and interpretation of them, were done by he
Bureau of Plant Industry. A cooperative quality-'61-
water investigation confined chiefly to conditions alOar:
the main stem of Rio Grande had been conducted since
1930 by the Bureau of Plant Industry, Bureau of
Reclamation, Geological Survey, International Bound-
ary Commission, and the Colorado State Engineer.
The data obtained by this earlier investigation were also
assembled by the Bureau of Plant Industry and included
with those of the 1936 investigation. The interpretive
digest by the Bureau of Plant Industry is included in
this report as part IV. The more detailed analytical
data are published separately. In the following para-
graphs data and results of the investigation as given in
the interpretive report are summarized.

The Rio Grande from Del Norte to Fort Quitman

Total yearly quantities and weighted mean concen-
trations of salts in the water of Rio Grande passing the
nine principal gaging stations from Del Norte to Fort
Quitman are given in tables 50, 51, and 52. Table 50
gives the 1936 data for all nine stations; table 51, the
means for 3 years, 1934-36, for Lobatos, Otowi Bridge.
and San Marcial; and table 52, the means for 6 years
1931-36, for the fire stations from Elephant Butte Dam
to Fort Quitman. These tables indicate clearly the
progressive increase in total salt concentration of the •
river water from the upper to the lower limits of the
basin. In 1936, the mean concentration ranged from
0.11 ton of salt per acre-foot of water at Del Norte to
2.84 tons per acre-foot at Fort Quitman. The latter
figure is equivalent to approximately 2,100 parts per
million. As shown in both tables 50 and 51, a pro-

•
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The old Santa Fe-Chihuahua Trail traversed a portion of the

III upper part of the reservoir and passed down the west side of the
Rio Grande to a point just below the lower end of Black Mesa.
Opposite Paraje, the Rio GranLle. was crossed and the trail bore
southeasterly and then sitrUth-Friy over the Jornada del Muerto.
Paraje, during the occupattOrt7'Of Fort Craig, became in the
seventies one of the largest towns between Albuquerque and
Mesilla, as it was from Paraje that .the difficult journey to the
south across the Jornada del Muerte began.
The first Spanish settlements were probably established about

the year 1520, after grant no. 33 to Pedro Arinendaris was
made, December 4, 1819, and after grant no. 34, also to Armen-
dens, was made, May 3, 1S20. Settlements were made on
these grants shortly after these dates.

In the early 1S90's water shortages began to occur
along Rio Grande in the Mesilla and El Paso Valleys,
and people near Juarez, across the river from El Paso,
complained to the Mexican Government. The matter
was taken up through diplomatic channels, and in a claim
for damages of S3.5,000,000 filed by Mexico against the
United States it was alleged that the shortages were due
to increasing diversions from the river by water users in
Colorado and New Mexico. As a result, the Interna-
tional Boundary Commission was directed to make an
investigation and report covering the whole upper Rio
Grande situation. Under appointment from the com-
mission this was done, as already noted by Follett.
Follett's summary of his findings are quoted as follows:

1. The: fact of a decrease in the flow of the river at El Pasd
exists, as claimed, and dates back to 1SSS or 1SS9. Before
those years the river went dry at intervals of about 10 years.
Since 1SSS it has been dry every year but two.
2. The use of water for irrigation has not materially increased

in New Mexico Since 1SSO, and hence is not the cause of this
decreased flow,
3. The use of water in the San Luis Valley of Colorado has

very largely increased since 1SSO, and at the present stage of
development it takes from the river, in excess of what was taken
in 1380, an amount of water equivalent to a flow of 1,000 second-
feet, running for 100 days; at least this amount is taken and
possibly more. •
4. It is impossible to state specifically how much water was in

the river prior to this increased use of water and since, as the
records do not antedate this increased use, and as the flow since
the records began varies within very wide limits.

a. This flow of 1,000 second-feet,, if allowed to remain in the
river, would do much toward preventing a dry river at El Paso.
Hence-

6. The Mexican and _ABoArkaa citizens of the El Paso Valley
have suffered in coninio tlfeir neighbors of the Mesilla
Valley and those still farther up the river by this Colorado in-
creased use of water. The suffering has been greater in the El
Paso Valley than elsewhere.
7. All of the summer flow of the steams in the San Luis Valley,

except their floodwaters, are now appropriated, and therefore
the use of water therein fur direct irrigation is not likely to ma-
terially increase in the future.

An immediate result was the promulgation of the
"embargo" hr the Department of the Interior. The
nature awl operation of this embargo hare been preri-
eesly noted in this report.0

•
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Mexico continued to press its claims and through the
efforts of the Department of State, the Department of
the Interior undertook an investigation of the river and
a study looking to some means of providing water to
satisfy the Mexican demands. The investigation re-
vealed the feasibility of constructing Elephant Butte
Reservoir for the storage and regulation of Rio Grande
flow passing San Marcial. It was reported that reason-
able demands for water upon the part of Mexico could
be satisfied, and that, with inflow rights properly pro-
tected, the reservoir could also furnish water for an area
in New Mexico and Texas estimated at 155,000 acres.
This wiis designated as the Rio Grande Project of the
Reclamation Service, and the Leesburg unit was ap-
proved for construction by the Secretary of the Interior
December 2, 1905, By an act of February 25, 1905,
Congress authorized construction of the storage clam,
and in March, 1907, appropriated $1,000,000 toward
the construction as representing that part of the total
cost involved in the provision of water for Mexico. A
treaty between the United States and Mexico was signed
May 21, 1906, and proclaimed by the President January
16, 1907. Under the terms of this treaty thet-United
States guaranteed to Mexico, in return for relinquish-
ment of all claims for damps, the annual delivery in
perpetuity of 60,000 acre-feet. of water in thef. bed Of
Rio Grande at the head of •Acequia Madre, the Mexican
canal opposite El Paso. The monthly distribution of
this amount is specified in the treaty and there is a
clause which provides that, "In case, however, of
extraordinary drought or serious accident to the irriga-
tion system in the United States, the amount delivered
to the Mexican canal shell be diminished in the same
proportion as the water delivered to lands under said
irrigation system in the United States."
Notices of intention to appropriate Rio Grande waters

for the Elephant Butte Reservoir and the Rio Grande
Project were filed in the office of the territorial engineer
of New Mexico by the Reclamation Service in 1906 and
1908_ The notice of January 23, 1906, names 730,000
acre-feet and that of April 6, 1008, "all the unappropri-
ated water of the Rio Grande and its tributaries."
Both specify a storage reservoir of 2 million acre-feet
capacity. The Secretary of the Interior approved
construction of the Elephant Butte Dam on May 23,
1910, and the dam, providing a reservoir of 2,639,000
acre-feet capacity, together with the diversion darns
and canal systems of the Rio Grande Project, was com-
pleted in 1916. About 1918 the necessity for drainage
on the Project became apparent. rind by 1925 a complete
system of open drains was constructed. Land owners
on the Rio Grande Project represented by the Elephant
Butte Irrigation District in New Mexico and the El
Paso County Water Improvement District No. 1 in
Texas have contracted with the Government for full
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repayment of construction costs of the Project, ex-

cept for the million dollars 'appropriated by the Con-

;Tess to cover the cost of supplying water to Mexico

under the terms of the treaty -451-4:006. The total con-

struction cost of the Project to-e144e4s- about 15 million

dollars.

In 1924 the Hudspeth County Conservation and

Reclamation District No. 1, comprising 20,000 acres

if El Paso Valley in Texas below the Rio Grande

Project, was organized to consolidate into one canal

;ystem several ditches which had been built about

1915, and which were diverting water from Rio Grande

,it various points between the Rio Grande Project

-)oundery and Guayuco Arroyo which now marks the

ower or eastern terminus of the Hudspeth district

:anal system. Under a Warren Act contract between

:he Hudspeth district end the United States, the dis-

:rict has, since 1925, been making a direct diversion

)f drainage and waste waters of the Rio Grande

?voice t. _ -
--lcreage irrigated.—It is stated in the Follett report

hat the combined capacity of all canals in El Paso

;alley in the late sixties, as determined from evidences

'oiled in 1S96, was 300 second-feet on the Mexican side
,f Rio Grande and 250 second-feet on the American

ide, and that 40,000 acres had been irrigated. If the

ireas irrigated were in proportion to the capacity of the

hitches on the two sides, the area irrigated in Mexico
vas about 22,000 acres and that on the American side

_8,000 acres. For the Mesilla and Rincon Valleys,

'ollett in 1896 reported 29 ditches with a total capacity

.f 974 second-feet, irrigating 36,050 acres.

In a 1928 report by Herbert W. Yeo, then State Engi-
eer of New Mexico, a deduction of the irrigated acre-

ges in the New Mexico and Texas areas of the Upper
iio Grande Basin is made for 1907 and 1928. The fol-

)wing paragraphs quote this report with respect to the

'erivation of the data for the Elephant Butte-Fort

tiitnian section:

t he area south if San .larcial, irrigated from the Rio
I rande: maps and notes tiled by the United States Bureau of
teclatnation, at El Paso, have been eutisulted. This area in-
titles the land within the present Elephant Butte Reservoir,
I C Paloruas Valley, Rineun Valley, Mcsilla Valley, and El Paso
'alley.
For the area irrigated within Elephant 'Butte Reservuir the

1pographic maps of the reservoir were consulted. The surveys
:r the reservoir %rem made in 1903-4 and 1907-S.
Data concerning the area irrigated in the Palout:is Valley were

htaincd from old residents of the valley (and arc subject t,o
,leir error) and from topographic maps made in 1003.
Information as to irrigated lands in the Rincon Valley is
Auld on topographic maps made in 1912 by the United States

Service. At the time these maps were macle the
:erlarnation Sorvieo laul not const meted :my irrigation works

arid the area irrigate,' W:1,?',11-,StalitIZIlly the
line as irt 1007.

A survey of toe irrigable lands in Mesilla Valley was made in
1903-4 by the United States Reclamation Service, and the maps
show the area irrigated at that time. The acreage shown as
irrigated on these maps was practically the same in 1907. In
addition to the above the United States Reclamation Service
made a detailed survey in 1907 of the lands irrigated under the
Dona Ana, Las Cruces, and Mesilla ditches.
The area irrigated in the El Paso Valley in 1908, as determined

by Homer J. Gault, is shown on a map cf the irrigable lands of
the Rio Grande project. in Texas which was made by the United
States Reclamation Service.
Information concerning the irrigated acreage on the tributary

streams south and west of San Marcial was gathered in 1928.
Facts relative to the area cultivated in 1907 were given by resi-
dents on the various streams and from records on file in the
Siena County courthouse in Hillsboro. This information was
later checked in the field and is believed to be fairly correct.
The area irrigated on the various tributaries is limited by the
water supply and the cultivated acreage has not varied ap-
preciably for nanny years.

Based upon these data, the Yeo report gives the

following figures for the irrigated acreage in the Ele-

phant Butte-Fort Quitman section in 1907:
Arrecuic irripattl

Valley subdivision: in

El Paso Valley (American side)  
1907 •

S, 537
Mesilla Valley 26,220,
Rincon Valley 4, 376;:
Palomas Valley 150i -_
Elephant Butte Reservoir area 2,080 .:
Tributaries below San Marcia! 4,4751

Total 45, S41

For his 1928 sunimary Yeo used the 1927 data for the

Rio Grande Project and other valley areas below Ele-

phant Butte Dam, as the 1928 data were not yet avail-

able. Substitution of the latter as obtained from the

Rio Grande Project history for 1928 and use of Yea's
figures for tributaries below San Marcial give the fol-

lowing figures for the irrigated acreage in the Elephant

Butte-Fort Quitman section in 192S:
Acreage irrigoard

'Valley subdivision:
Fort Hancock area (Hudspeth district and
El Paso Valley—in Mexico (estimated) 

in 1V58
13, 611t)
35, u01)

El Paso Valley—Rio Grande Project_  05,40n

Mesilla Valley—Riu Grande Project 76, 057

Rincon Valley—Rio Grande Project II, S07
Palomas Valley 310

Tributaries below San Marcial 4, 530

Total 100, S44

To he comparable with the 1007 total, that for 1928

:should exclude the estimate of Mexican acreage.

In 1914 the Bureau of Reclamation made a complete

survey of the cropped and irrigated acreages in vhat

is now the area included in the Rio Grande Project.

The data reported by this survey, those of Follett and

Yen as previously outlined, and those available front

firatale Projeet rpeord,A begienin!* 11.101 1920 arc

brought together in table iii.

•

•
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writer-consuming acrenrS within the district as shown
by (lIt• 193(1 survey are given by divisions in table 66.

TAT LE O.—Irrigated and other troer-consaniiiig acreages in
Middle Rio Grande CoriVililiei District, 1936

Irrigation di 7ision
,. ge

irrigated

Other water.
consuming
acreage

Total

Cochiti 
A IhueltIVr9Lle 
Belen 
,iocorre 

Total 

...?. 208
.2, 209
23, A95
7.237

14.231
33,30S
53, 149
23, S3.5

19, 4 39
.:i5. 127
.7.944
33.072

39,159 1 ,32.1 157,032

In the original plan of the Middle Rio Grande Con-
servancy District, the southern third of Socorro Valley,
which is included in the Bosque del Apache and Pedro
Armendaris No. 33 grants, was to be a part of the
district and to be drained by the district. In the final
plan as carried out, however, this area, which extends
for about 16 miles from the present southern boundary
of the district to San Marcial, was not included. As set
forth in the original plan, the area within the limits of
this proposed improvement amounted to 14,479 acres,
exclusive of river bed, roads, ditches, and rights-of-way,
and was classified as 1,112 acres irrigated and 13,367
acres nonirrigated. Of the latter, 11,96S acres were
listed as salt grass and bosque. This area in the lower
Socorro Valley in naturally divided by the river me-
anders into four units, two on each side of the river.
Those on the north comprise land in the Bosque del
Apache grant known as the Elmendorf tract. Those
on the south comprise the San Marcial unit on the west
side of the river and the Val Verde-La Mesa unit on
the east side. The irrigated land of the above men-
tioned classification in the District's original plan was
in the Vol Verde-La Mesa unit and was served by what
was stated to have been the only irrigation ditch of the
whole lower Socorro Valley.
The lower area not included in the Middle Rio Grande

Conservancy District has never been drained and the
water table over much of it is close to the surface.
There is, therefore, a large consumption of water by
native vegetation. The 1936 survey showed an area
Of 16,473 acres upon whicl is:thus consumed due
to natural conditions ancritiViteies which were irri-
gated.
. Surveys of the unit in the Bosque del Apache grant
were made during the summer of 1936 by the 'United
States Biological Surrey to determine the feasibility
of developing a migratory water-fowl preserve on the
lands. The report of this survey proposes that the
Biological Survey acquire the entire Bosque del Apache
grant of 53,000 acres and convert it into a Federal
refuge, developing about 14,000 acres lying in the river
valley for the waterfowl 'preserve. Portions of the
!lir-flier bottom lands would be drained to furnish water

1Vo Grande Joiilt IntesCgation

for about 2,400 acres of controlled ponds while agri-
cultural crops including food-producing grass.es would
be grown on about 6,000 acres of the drained lands.
The latter would be irrigated by indirect diversion from
Rio Grande through the canal system of the middle
Rio Grande Conservancy District under a water filing
acquired with the Grant purchase.
Table 67 lists the Indian Pueblos in the Middle Sec-

tion and gives their source of water supply.

TABLE 67.—Indian pueblos in the middle section

Pueblo Sourie of water Remarks

Aroma  Rio Sac Jo.e 
Cochiti  Rio Grande 

Isleta  Rio Grande 

Jerner  Jeniet Creek 
Laguna  Rio San -lose 
Nambe  Xambe Creek
Picuris  Rio Pueblo 
Sandia  Rio Grande 

San Felipe._...... Rio Grande 

San Ildefoaso....._ Polo:acne Creek 
San Juan  Rio Grande 
Santa Clara  Rio Grande 
Santo Domingo. Rio Grande 

Santa Ana ...... Rio Grande 

Taos   Rio Luctro and Rio
PlIebi9 de Taos.

Tesueue  Tesunue Creek 
Zia  Jenne Creek 

In Rio Puerco Basin.
In :1I1dtile Rio Grande Cont,errancy

District.
In Middle Rio Grande Conservancy
District.

to Rio Puerco Basin.

In Embn(lo Creek Basin.
In Middle Rio Grande Conservancy

District.
In Middle Rio Grande Con:errancy
District.
Water from Rio Grande 215D.
Water from Rio Chanan also.
Water from Santa Clara Creek also.
In Middle Rio Grande Conservancy
District.

Pueblo is on Jemet Creek, but irrigated
lands are along the Rio Grande in Mid-
dle Rio Grande conservancy Distmr.

The Elephant Butte-Fort Quitman Section

The 1936 survey showed the irrigated and other
water-consuming areas in the Elephant Butte-Fort
Quitman section to be as indicated in table OS.

TAtitz 0S.—Irrigoted and other water-consurning areas, Elephant
Butte-Fort Quitman. section, 1936

Subdivision
A creace
irrigated

Other water-
consuming
acreage

Total

Tributary valleys 
Polomas Valley
RIDC012 Valley 
StesIlla Valley 
El Paso Valley  

Total 

I, Oa
030

13. 206
82.923
70, 01/2

5.333
9, 533
12,70e '
27.495
24,431

0.5105
10.363
27.914
110,410
94. 433

170, 569 02.040 253.100

Includes area between Elephant Butte Dam and I-Jo:Springs.
'hoes not include any of Mexican lands.

•

•

There is little irrigation on tributary streams in this
section since, as previously noted, most of the tribu-
taries are arroyos in which water flows only at times of
sudden and irregular storms. In the region from San
Marcial to the upper end of Rincon Valley there are a
few tributaries on the west which have small valley
areas along upper reaches at some distance from Ele-
phant Butte Reservoir and Rio Grande below. In
tiles° upper reaches there is some flow front springs
aad occasional storm run-off and this is practically all

4111used for irrigation in the snuill valleys. Areas thus
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irrigated on these tributaries, as shown by the 103n
survvy, \Tn ill table I 1J. The tributaries zlre listed
in downstream order fre;44-an
Below Elephant Butte 41.a.in,, but above and not in-

cluded in the Rio Grande Project of the Bureau of Recla-
mation, is the Palomas Valley, with a gross valley floor
area of about 10,000 acres. Only a small part of this
area is irrigated. As shown by the 1636 survey, it
amounted to S30 acres.

TABLE 69.—Irrigation on Rio Grandc tribute:rim ,an Marc-jai la
Pinto,' Valley, 19.36

TrihutarY
Acrenze
irrigated

Remarks

Rio Canoda .1.1.iinosa..._ 1 t,93 Largely in the vieinity of the town of
Monticello.

C uchille Negro Creek 4- -- -1 245 Largely under Cuebillo etininitinity ditch
near settlement of Cochin°.

Las Palomas Creek I 409 Largely under Las Valor= enniniunity
. ditch aliove settlement of Las Paint:I:1i.

Las Animas River__ ^•27
Pereha Creel:  -34 Between Kinecton and Ilillshoro on be-

low the latter.
•

Total 1,603

The Rio Grande Project includes the agricultural
lands in Rincon and Mesilla Valleys and 40 miles of El
Paso Valley below El Paso on the Texas side of the river.

S3

The planned irrigated acreage of the project, as indi-
cated in reports of the Bureau of Reclamation, is
155,000 acres. Of this, SS,0(m acres are in New Mexico
and 67,000 acres in Texas; these are the acreages in-
cluded respectively in the Elephant Butte Irrigation
District and the El Paso County Water Improvement
District, the two organizations which represent the
water users under the Rio Grande Project:- Segregated
in accordance with the valleys, Rincon includes 16,000
acres, Mesilla S2,000 acres, and El Paso 57,000 acres
of the total. As the figures indicate, 10,000 acres of
the Mesilla Valley area are in Texas. All old com-
munity ditches were taken over by the Project, recon-
structed', enlarged, or extended, and incorporated as
parts of the present system of more than 1130 miles of
main canals and laterals through which the waters
released from Elephant Butte Reservoir are distributed.
There are diversion dams and permanent diversion -
works at six points along the river. These are Pereha
Dam at the head of Rincon Valley, diverting to the
Arrey canal; Leasburg Dam at the head of Mesilla
Valley, diverting to the Leasbure canal; Mesilla Dam
southwest of Las Cruces, diverting to the east $ide and
west side canals; the International Diversidli Dam.

27.—T.eathur! Diver:inn Dim. Rio Grnnje Project. Rend a:VP:ill:I MPT
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FIOCRE 2•Z.-5mall farm stress, northwest of LAS Cruces, N. Mex. Rio Grnude

Project.

opposite El Paso, diverting to the Mexican Acequia -
Madre on the west side and to the Franklin canal on the
east side; Riverside Heading about 15 miles below El
Paso, diverting to the Riverside canal and Franklin
feeder; and Tornillo Heading near the town of Fabens,
diverting- to the Tornillo canal. The drainage system
of the Project is completed except for revisions and
reconstruction occasioned by the river rectification
program of the International Boundary Commission,
and it comprises more than 430 miles of deep open
drains.
The International Diversion Dam is owned by Mexico

and was built to divert water into the Mexican-canal.
It is at this dam that delivery must be made to Mexico
of 60,000 acre-feet annually under the terms of the
treaty of 1906. The Bureau of Reclamation is re-
sponsible for this delivery, which must be accomplished
largely through releases from Elephant Butte Reservoir,
more than 125 miles upstream. The channel of the
Rio Grande is thus used to carry water both for delivery
to Mexico and for canals serving the Rio Grande Project.
Below the Mexican Darn the river channel carries water
to. the Rio Grande Project canals heading below El Paso..
In spite of its dual obligation to deliver water to ;Mexico
and to the Rio Grande Project canals, the United States
neither owns nor controls this carrying .channel from
Elephant Butte to the Mexican Darn. Since quantities
of water considerably in excess of 60,000 acre-feet must
pass the Mexican Dam to sita.‘4! -eProject canals below

thEl Paso, and since e Unite -has no control over
Mexican diversion to the Acequia Madre at the west
end of the clam, which lies in Mexican territory, it has
never been possible to deliver exactly 60,000 acre-feet to
Mexico or to determine accurately the extent of the
Mexican diversion. As a result of this situation, it is
indicated that the diversions by Mexico have exceeded
t he treats- specifications by substantial amounts. More-
over, there are other Mexican ditches heading on the
river below Juarez and having no rights under the
treaty, into which water is diverted if and when possible.
An estimate of Mexican diversions in the period 1930—

Rio Grande Joint Inte,q9aCon

:36, derived by elimination in a study taking into
account all available data of stream flow, diversions.
return flow, and arroyo inflow, is given in the section
of this report on water uses and requirements.
Since the construction of Elephant Butte Dam, the

river channel from it to El Paso has progressively de-
creased in capacity due to the elimination of large floods
and their scouring action, and to the growth of vegeta-
tion in former flood channels. As a result, relatively
small floods, originating below Elephant Butte Dam
chiefly in the western arroyos above Caballo Narrows,
Coming into the restricted river charmel, constitute a
distinct menace to the valley lands and to the irrigation
structures of the Rio Grande. _Project. The river
channel is, and always has been, unstable and shifting.
Below El Paso the International Boundary Commission
has been engaged for some time upon a program of river
rectification and control in accordance with a convention
between the United States and Mexico concluded
February 1, 1933; much of the construction work be-
tween El Paso and Fort Quitman is complete.
To bring about the control and stabilization of the

river channel from Caballo Narrows to El Paso, 16
obtain flood control storage sufficient to operate and
maintain this channel when constructed as well as the
present rectified channel below El Paso, and to a,ccorli
plish control of the delivery of water to Mexico and of
diversion by Mexico under the treaty, three, projects
were proposed by the American section of the Interna-
tional Boundary Commission, namely, Caballo Reser-
voir, river canalization from Caballo Dam to El Paso,
and the American diversion dam and canal.
When Elephant Butte Dam was constructed, gates

and six penstock openings were built into it in anticipa-
tion of power development. The character of the re-
leases from the reservoir for irrigation preclude develop-
ment of firm power, but a reservoir below the dam of
sufficient capacity to accomplish re-regulation would
make it possible. It was therefore proposed by the

• ...17:;sie77 —!:17 - z
—•

'i:.•

FiCuR ?j — cac Itatern,z,onal) Dam a: Ma Grande, near Ei Pasts.

•

•

•
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 Bureau of Reclamation that Caballo Reservoir be given
a capacity which would provide both for flood control
and for re-regulation such that firm power could be de-
veloped at Elephant Zatta- Dam. An allocation of
funds for Cabello Da —Ms made by the Federal
Emergency Administration of Public Works, and in
May 1936 work was begun under the direction of the
Bureau of Reclamation. As planned, this dam will
provide a reservoir of 350,000 acre-feet capacity, of
which 100,000 acre-feet will be reserved for flood control.
The dam is about 25 miles below Elephant Butte Dam
and 2 miles above Perch°. Diversion Dam. The lands
to be flooded are in the Palomas Valley.
The Caballo-El Paso canalization project will provide

a rectified normal flow channel with levees set back to
provide capacity for the maximum anticipated flood.
Under the American Dam project a diversion dam is

being built on Rio Grande just above the Mexican
boundary and entirely within the territorial limits of the
United States. From this darn, on the Texas side, a
2-mile canal will be built to connect with the present
Franklin canal. In this way (Eversion of water to Rio
Grande Project lands of El Paso Valley and delivery to
Mexico under the-treaty will be controlled.
The acreages within the boundaries of the Rio Grande

Project as shown by the 1936 survey are given in
table 70.

TABLE 70.—Acreage irrigated on the Rio Grande project, 1936

Subdivision: Acreage irrigraed

Rincon Valley  15, 206
Mesilla Valley:

In New Mexico
lu Texas

•

•

  72, 258
  10, 065

Total  82, 923
El Paso Valley  56, 423

Total  154, 552

Reference to table 92 in the following section of this
report, which gives the irrigated acreage of Rio Grande
Project, 1930 to 1936, inclusive, as reported by the
Bureau of Reclamation, shows a figure for 1936 about
12 per cent lover than the figure for that year as

FIGURE ao.—Franklin Canal at settling basin and sluiceway. near El Pao. Rio
G rAniic

S5

Fiet;itE 31.—Dudspetb Canalheading and Tomato trasterray at end of Tornilio Canal.
Rio Grande ProYiet.

obtained by the Bureau of Agricultural- Engineering
and shown in table 70, although the difference between
figures for the total 'acreage of the Project as found by
the. 1936 surveys of the two bureaus is only about
1 percent. The difference in the irrigated acreage
figures is largely due to handicaps under which the
Bureau of Agricultural Engineering worked in the
early part of the 1936 season, and to greater precision
in the Bureau of Reclamation surveys not feasible oray.
necessary in the case of the Bureau of Agncultural
Engineering survey. It was required that the latter
be planned to cover the entire Upper Rio Grande
Basin with a degree of accuracy .as needed /Or the
purpose of the Rio Grande joint investigation, and the
latter was not such as to require the precision of
instrumental surveys. A detailed comparison of the
Project acreages as obtained by the two surveys is
given in Part III of this report.
The Hudspeth County Conservation and Reclama-

tion district, below and southeast of the Rio Grande
Project, is served by an irrigation and drainage system
as shown on the map, plate 22. The Hudspeth
main canal heads at the lower end of the Tornillo canal
of the Rio Grande Project about 12 miles southeast of
Fabens and diverts the residual flow of the latfer canal.
At Alamo Heading on Rio Grande, about S miles

Ticienr tain in listrirt ,Texas,

TX_00000658

US_MSJ_00005616



below the end of the Tomlin() canal, river flow, con-
sisting chiefly of drainage and return water, is diverted
by gravity to the Hudspeaiegler canal which joins
the Hudspeth canal a short—dis-Tance northwest of Fort
Hancock. The diversion Ertri.Hudspeth district of
the drainage and waste flow from the Rio Grande
Project is made under a Warren Act contract. This
contract extends only to the return water as it occurs
in the normal operation of the Rio Grande Project and
puts no obligation upon the latter for delivery of any
speciae amounts of water. The acreage irrigated from
Rio Grande in 1030 in Hudspeth County was 13,579,
ar--1 this was only about 300 acres more than the irri-
gaz:d acreage in the Hudspeth district.

-

R CI-(1nde JII;11.1 hire t (1! ; ,n

On the Texas side of the river between Guayuco
Arroyo, which is the terminus of the Ifinispeth district
canal system, and the canyon below Fort Quitman
there is some irricration by individual landowners, who
divert from the river by short gravity ditches or by
pumping plants. The total acreage shown to be thus
irrigated in 1936 was 526 acres. This included about
200 *acres in the Hudspeth district below Onnyuco
Arroyo.
No data are available on the El Paso Valley acreage

irrigated (rain Rio Grande on the Mexican or Juarez
Valley side. Estimates in various reports and in the
annual histories of the Rio Grande Project have varied
from 25,000 to 40,000 acres.
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TABLE S&-Esanzated minimum tributary inflow, Middle Rio Grande Valley, Otowi Bridge to San Marcia', 1936

11;nit, 1,004 scre-feet1

97

Ricer section fltlarT
.

February March April May June July August Setteerm- October ber Debereena. Year
.

Otowi Bridge to Cochlti 

.. _
•-• . '2. 0 6.0 6.6 8 7 8.4 0.6 1.5 0.0 O. S 0.3 0,6 1.3 43.9

Cochiti to San Felipe_ I 4.5 2.3 7.3 35.1 17.3 9.0 8. 6 7.4 2.0 3.0 1.5 .S 93.4
F:an Felipe to Islets ! 

1 0 6.0 2. 3 25 4 6.0' 11. 2 6.7 SS. 1
Isleta to Bernardo '.2 0 o o 0 0 0 .2
perisardo to Sou Acacia 1 2.2 h. 1 26.3 20.0 8.2 3.3 4.8 C9. 7
=au ACECill 10 pan Marcial '20. 1 3. 1 0 0 1 5 1.6 0 0 0 26.3
San Felipe to can Acacia '20. 1 25. 0 a 0 40.0
Sin Felipe to San lal tint,' 3.6 .9 o .11. 5  24.0

Total 11.9 I 11.4 1 li. 1 96.5 34.0 12.9 ZI. 2 39.4 51. 4 I MS 14.6 10.4 301 G

June 11-30. 19-30.

applied to the monthly differences between Otowi
Bridge and San Marcial gave monthly figures for
minimum stream-flow depletion as shown in table S7.
These total 566,000 acre-feet for the year as the esti-
mated minimum stream-flow depletion in the Middle
Valley in 1936.

TABLE S7.-Es3ima3ed 'minimum stream flow depletion, Middle
Rio G7 ande Valley, Otowi Bridge to San Marcial, 1936

[Unit, 1,000 acre-fset)

Month

0 Cowl Bridge
inflow less
San ht groin)
outflow

Estimated
minimum
tributary
inflow

Correspond-
ing minimum
stream flow
depletion

January -17.4 11.6 -5.5
February -6.8 11.4 4.6
March -.9 14.1 13. ̂
April 45.8 96.0 142.5
May 22.1 54.0 76.1
June  • 39.4 12.9 72.3
July 38.8 23.2 62.0
August 38. 2 39.4 77.6
September 1.7 51.4 63.1
October 12.6 15. 6 31.4
November 14.4 11.6 29:0
December -3.2 33.4 10.5

Year 204.7 361.6 566.3

Stream-flow Depletion by Integration Method.-
As shown in table 79, the Bureau of Agricultural
Engineering has applied unit values for consumption,
determined on the basis of all available data, to the
mapped areas to derive the total consumptive water
requirement on the main stem of Rio Grande from the
Colorado State line to San Marcia'. Deducting from
the total the consumption shown for the area above
Otowi Bridge (Buckman) gives a consumption of
675,000 acre-feet frooi4twi:Bridge to San Marcia'.
(This does not include the -canyon section from Otowi
Bridge to Cochiti, which was not mapped.) Allowing
0.7 foot for precipitation on the total area of 205,000
acres gives a deduction of 144,000 acre-feet to make the
estiinated stream-flow depletion, Otowi Bridge to San
Marcial, 531,000 acre-feet. .
Diversion Demand on Rio Grande.-Four estimates

of stream-flow depletion, Otowi Bridge to San Marcial,
have been described: (1) 5S6,000 acre-feet based on a
study of available data for the period 1890-1935, (2)

Jun. 1-13. Apr. 1-17.

562,000 acre-feet based on tributary inflow derived
from water-production estimates, (3) 566,000 acre-feet
as a minimum based on 1936 data, and (4) 531,000
acre-feet based on unit-consumption values derived
from experience and judgment applied to the mapped
acreage. Estimates by previous investigators are
shown by table 73 to have been substantially lower, in
most cases, than any of these four. Since, in any case
the deficiency in basic data has been such that approx-
imations only were possible, a depletion figure of
550,000 acre-feet was more or less arbitrarily fixed upon
as the basis in this report for deriving the tequired
diversion demand upon the Rio Grande of the :Middle
Valley area.
As indicated by table 71, the irrigated area in the
Middle Rio Grande Conservancy District in 1936 was
59,000 acres. The Burkholder report (table 5, p. 3)
shows that the net irrigable area included in the district
as set forth in the approved plan, is 123,267 acres. As-
suming that under full development the maximum
acreage irrigated in any one year would be 80 percent of
this, or, in round numbers, 100,000 acres, the question
of whether an allowance should be made for greater
stream-flow depletion when the 100,000 acres are irri-
gated is to be considered.
Reference to the figures for the conservancy district

in table B, Part III, shows that there were in the district
in 1936, 43,968 acres in grass and 19,639 acres in brush.
If the irrigated lands are not expanded to include bosque
areas (which show a higher rate of water consumption
than grass or brush lands) it appears that the grass and
brush lands must be those which will later be brought
under cultivation and irrigated in making up the
100,000 acres. By applying the unit consumptive use
figures given in table 78 for grass and brush in the con-
servancy district to their respective acreages as given
above, a total consumption of 169,000 acre-feet is ob-
tained. This divided by the total acreage of grass and
brush lands gives an average unit consumptive use for
them of 2.66 acre-feet per acre. A similar computation
for the irrigated lands in the district, using the data of
table 79, gives 2.66 acre-feet per acre, or precisely the
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records for interior drains. The monthly distributions
and totals of the quantities thus determined as those to
be used to give the net diversion demand on Rio Grande
for the Middle Valley are shown in table SS.
Tice Ele ph ant Butte-Fort Qoitma n Section .-Deriva-

tion of the demand upon Rio Grande at San Marcial,
or upon Elephant Butte Reservoir, for the area of the
Elephant Butte-Fort Quitman section was based on
the actual diversions and use of water in the section
from 030 to 1930, inclusive, as shown by a detailed
study of river flew, net diversions, drainage, river-bed
losses, and arroyo inflow in four river sections front
Elephant Butte Dam to Fort Quitman. Certain
modifications of the requirements indicated by the
dote of this period were made to allow for salinity
control, the economy to be effected upon completion
of the American diversion darn, and the irrigated acre-
age for complete development of Rio Grande Project.
The diversion demand was also derived independently,
by use of the. -consumptive requirement data of the
Bureau of Agricultural Engineering.
Net Diversions and Stream-flow Depletion, 1930-

30.-In a study to derive monthly stream-flow deple-
tion as well as to account as nearly as possible for all
losses and -gains in the Elephant Butte-Fort Quitmftn
section in the period 1930 to 1936, the section was
divided into four divisions-Elephant Butte-Leasbure,
Lensburg-El Paso, El Paso-Tornillo, and Tomillo-Fort
Quitman. Records were available as follows: River
flow at upper and lower limits of divisions, full period;
canal diversions, wastes, and drain flow for each of the
three upper divisions, and to the lower boundary of Rio
Grande Project in the lowest division, full period; diver-
sions to Hudspeth district, main canal, fell period, and
Alamo feeder, 1931-36; Hudspeth drainage and waste,

99

1936 only. No records were available of Mexican
diversions, waste, or drainetre. Estimates of arroyo
inflow were used as derived in Appendix B of this re-
port. In the El Paso-Tornillo division it was esti-
mated as one-third, and in the Tornillo-Fort Quitman
division as two-thirds of the total inflow from El Paso
to Fort Quitman. In the two upper divisions the
differences between river inflow and outflow, after
correction for intervening arroyo inflow, -diversions,
wastes to river, and drainage return, were attributed to
river-bed loss or gain. In the El Paso-Tornillo division,
river-bed losses were assumed as half the 7-year mean
of river-bed losses in the Leasburg-El Paso division.
This, then, gave Mexican diversions in this division as
the residual after correcting the inflowLo-utflow differ-
ences for arroyo inflow, net diversions, drainage return,
and river-bed losses. Completion of. the analysis fox
the Tornillo-Fort Quitman division required that the,.
Hudspeth drainage and wastes 1930 to 1935- he esti-
mated on the basis of the 1036 data. An assumption Id
relatively high river-bed losses at approximately one-
fourth of the Rio Grande flow below the Rio Grande
Project gave Mexican 'diversions in this division as
residuals of the analysis which OFe probably enFt$erv:).
tire.

In addition to the analyses above described, an
accompanying study was made to determine the dispo-
sition of Elephant Butte Reservoir releases by esti-
mating the respective amounts of unused (first use water
from the reservoir as distinguished from returned'
drainage originally from the reservoir)reservoir releases,
arroyo inflow, and drainage return included in. the net
diversions and river losses, and in the river flow passing
the lower station of each division. This necessitated
certain assumptions with respect to the effective

TABLE SO.-Estimated net Rio Grande Diversions by Alezieo, Juarez to Fort Quitnian, 1030-36

[Unit. acre-feet]

..V.41111 1930 1931 191M 1.933 1934 1132 laue.
SpeQifir.`.

Ntean - by Mex it-an

JC:AREZ TO TORNILLO BRIDGE t

J-trtuttry 
February

t arok 

toy 

2.100 .
0011

2.199)
5,200
12.300

4.900 I
3.39)1 1
7, COO I
0, Soil i
7..C110 I

J une 13.9)14) 13,000 !
J uly.  17. 9110 17.199) ,
A li•zti,t  

enthrr 
14, 511.1
12.3o..

15. fAs. ,
1 1. !..1111 :

I v•it)1,Pr  S. ::.)41 14.198) i
Nu% ellil or  I . 21141 . 1i. 41111 .
),,,:111.1.1  4.118) ‘. 5..219) ,

l trl, hod 111.1410 1r41.5011 122. III) 1.

To r:Ntt.t.o MUDGE TO FORT OL'I3N1AN:

Yeat  41,000 ! 30. DOO 9300(1 45. 000

4.6no
3.2191 .
'2.49)1
1 1.. 01111 .
17. 200
914. 10.1

1. Nio
.1.7(1;
0, 100
10. 700

2)199,

2. 0.r.
2.
4.1100

1 1.219)
211.1114)

:1.1911
; 3. 100
I 1;.
; II, Alkl
I, 15.0110

17.1)144) I

1. 9)
5..0)

22. utrt
12.99)
12.1491

21.0(4) 27. 11,0 j 1%. 200 211. 700 I
401. 411. 111) 211. :1181 24. 1)141

1 1.4191 ' 2.27.1

290
ion

1.4191
-1. 218F
1. 

7l I

,
. .5...RAI • .7 Pr

4.21$) I. 011I1 II!: 4. Zttro ti

135.000 121.3(4) ; :uer 1 3 11. t mt 1) .114

27. Ulu 20., 0111 411, 1.11

ill i F. gitnnies derived as ri,.'duals of ler amounting tot all other losses and gains in river section. In accordance with prolnittle aggiirocy or.,1 extent of neves,Fory ...-.s.onf.1 199.,.
1.11..:. 191es I n upper see( ion are oonsiderort reiionably good: those fur iower seaion only fain
, lot:nt.'s,: tiga.kilttiie Cs.r. iva,te to Alevittt.
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TABLE 90.-E1timated percentages of reservoir water, arroyo
inflotc, and drainage in net diversions and disposal of reservoir
releases, Elepilant Butte-Fort Ouitman section, 1930-36

1 Mean
! discosal Of
. reservoir
' water

llein'permatage content. 1930-36, in
net diversions, of-

Di vision or item 1 1930-36
(percentage
diatribe-
Lion)

Unused
reservoir
releases •

Arroyo
inflow

Drain
Sow and
seepage

Total

1It incon  S.3 97. 5 2.2 '0.3 103.0
Mesilla 1 46.4 69. S 2.8 7.4 101.0
El Paso  ' 15.4 £5.4  
Upper El Paso (Frank:lin 1
canal) 61. 5 3.4 35.1 100.0

Lower El Peso (Toruillu canon.' 36.2 1. 2 57. 7 100. 0
1

Rio Grande Pro1.ect ! 73.2 79, S 3.0 17.2 100.0
Hudspeth I 2.2 33. If 6.1 GO. 0 100.0
Juarez (Mexico)  1L 4 49. 5 5.4 46.1 100.0
UP Per Juaret , 55-3 3. 1 34 .6 100.0
Lower Juarez ! 24. 4 11.13 63.0 100, 0
Riverbed losses..  1 11. 2  
Passing Fort Quitman.. ...... 1 3.9 17.2 14.8 OS. 0 100.

Total 1 100. 0  

D161'1319.11Sned from returned drainage originally nom tbe reservoir.
'invisible accretion to river.

Estimates based on detali study of all available data, 1530-36, on river flovr, reser-
voir releases. diversions, rages, gram nOiv, and arroyo inflow.

TABLE 91.-Average met diversions and stream-flow depletion in
divisions of Elephant Butte-Fort Quitman section, 1930 to 1936,
inclusive

(Unit 1.13)0 acre-real

Division Net direr-
Mons

Drainage
return

iitreara-00‘r
depletion'

Rincon 67.0 3.0.0 • 32.0
Mesilla 297.8 192.9 204.9
El Paso  1 242. 1 127.7 114.4

Rio Grande Project 706.9 355.6 '351.3
Hudspeth , 40.1 17. 0 32.5
Upper Juarez 3 131
Lower Juarez' 46

Note that from nature of derivation (net diversions less drainage) these stream-now depletion Agues do not include river bed losses.
3 Upper El Paso division 210.700 and lower division (Tars:11110 canal) 31,400 acre-feet.
F.enards of waste and drainage only enable for 1930. other years estimated.
Mexican diversions between El Paso and 'Torndlo. estimated by elimination.
Nletican diversions between Tornillo and Fort Quitman. estimated by amber,

tion.

Rio Grande Joint Investigation

amounts of arroyo inflow and drainage return in each
division and these were made to conform as closely as
possible with actual physical limitations and known
operation practices.
Summaries of the data derived by- these studies are

given in tables 89 to 92. Table 89 shows the estimated
net diversions by Mexico and indicates a mean annual
diversion, 1930 to 1936, between Juarez and Tornillo
Bridge, of 71,000 acre-feet in excess of the treaty allot-
ment. In addition, Mexican diversions between Tor-
alio Bridge and Fort Quitman are roughly estimated
at close to 50,000 acre-feet, making a total diversion
of about three times the 'treaty allotment. There are
probably no diversions in January as table 89 would
indicate. However, since the diversions were derived
as residual quantities, the mean amount shown for
January of 3,500 acre-feet, or less than 3 percent of the
mean annual diversion, is well within the limit Of error
to be anticipated under this method of analysis.
Table 90 shows the estimated percentages of unused

reservoir water, arroyo inflow, and drain flow in the net
diversions to the various divisions and in the flow
passing Fort Quitman; also the mean percentage ,,of
total reservoir releases distributed to each division.
It is indicated that the water to lower El Paso division
(Tornillo Canal) is only 38 percent unused reservCir
water, while that to upper El Paso division (Franklin
Canal) is 62 percent. Of the total reservoir releases
the Rio Grande Project is shown as receiving 13
percent.
Tables 91 and 92 give the data on net diversions

and stream-flow depletion. For the Rio Grande
Project the mean annual depletion, 1930-30, is indi-
cated to have been 351,000 acre-feet, or 2.58 acre-feet
per acre irrigated. It is to be noted that from the

TABLE 9.1-Stream-flow depletion and acreage irrigated, Rio Grande Project, by divisions, 1930-36

1930 I 1931 I 1932 1933 1934 1936 Mese

RINCON DIVISION

Stream-Bow depletion, acre-feet 
Acreage irrigated 
Depletion, aere-feet per am 

32,500
12. 702
ass

27.303
13, 069
2.09

34.700
12,463
2.71

28.400
12,283

3.31

41.000
12. 776
3.27

20.500
11,834
2.07

34. 500
13,529
3. 53 I

32, VA)
12. :33
2.13

MESILLA DIVISION

Stream-flow depletion, acrc•fect 
Acreage irrigated 
1)epletion, acre-feet por acre 

240. 300
70. 373
3.15

214.200
76. 72'-
2.79

245, 100
TO. 709
3.2)

/10,900
MOGI
2.74

208,330
65. 505

. 2.04

131,630
CZ 171
2. 12

IV. GOO
7.1.313
2.43

204. C-131
77f. :yr"

EL PASO DIVISION

iavrt,ft.a.z.  137, GOO
' creaec irrigated  23, 532

3Jejiie t ion, acre-feet per acre  2.44

115. SOO
84,499
1.04

156, GOO
46.277
2 21

106. 200
40.803
2.13

132. 500
47. 711
2_75

89200
45.006

1.94

12,1. 500
40.4119
2. 47

711.74
114.

RIO GP.ANDE PROJECT

St7cam-dove depletitn, acro-fec 
.-acrcage irrigate,: 
Depletion, acre-feet per acre 

403.400
144.607
2.83

347.300
144, 290

3.41

350, 400
137. 449
2.81

343 500
139, 295
2.48

353 son
129. 092
2.07

213,41.0
120.075

2.04

31: 650
115,901

2.47

.k.2rea7e dots Ai Et =eau of r
I oil derived Irani net il versinng less drainage and does not Melia le river-bed Ities00.
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nature of the derivation of this stream-flow depletion
(net diversions less drain flow) it does not include
river-bed losses. Mean unit depletion figures shown
for the three Project airisions are: Rincon, 2.53;

0.S0; and El Paso, 2.27 acre-feet per irrigated
acre.
Diversion Demand.—The demand upon Elephant

Butte Reservoir to be assured for the Elephant Butte-
Fort Quitman section was considered to be that re-
quired by Rio Grande Project and fulfillment of the
Mexican treaty obligation under the conditions which
will prevail upon completion of the American diversion
dam and extension to it of Franklin Canal, a project
now under construction. By this development the
60,000 acre-feet required to be delivered to the Mexi-
can Canal will be released to the ricer below the new
darn so that it may be diverted as at present by the
international dam. All other river, water (except
local flood waters) will be diverted to Franklin Canal
by the American dam and carried to a point below
the international dam where the water for Riverside,
Hansen, and Tornillo Canal headings will be spilled
back to the ricer. tinder !this arrangement the Mexi-
can diversion at the international dam will be definitely
limited to 60,000 acre-feet, and, assuming that. the
estimates of diversions by Mexico in the past as given
in table 89 are reasonably correct, this means an aver-
age annual saving of about 70,000 acre-feet. In the
section from Juarez to Tornillo Bridge there is another
Mexican canal, San Augustine, which heads above the
Hansen and Tornillo headings and which will, there-
fore, still be in a position to divert from the river. It
is a small canal, however, compared to the Acequia
Madre at the international dam. The present oppor-
tunity for diversions by other Mexican canals at lower
river points will not be changed, but any diversions
below Tornillo heading are from wastes and return
waters. As the new arrangement makes no change in
the delivery of water to Tornillo heading via the river
channel into which drainage is discharged above the
heading, no change in the quality of the water diverted
at this beading is to be anticipated.
Assuming continued use of arroyo inflow and drainage

return as in the 7-year peaiod, 1930-36, the net diver-
sion of reservoir water to be assured the Rio Grande
project, taking the mean of 7 years of past diversions
as a criterion, is given by the data of tables 90 and 91
as follows:

Mean net diversions of unused reservoir water, 1030-3C

Acre-feet

Rincon d ion  65,300
Mesilla division  357,400
El Paso 141,400

Rio Grande Project 
.•

564,100

101
•

This was the net diversion for an average irrigated
area on the project in the 7 years of 136,000 acres.
The range in acreage irrigated in that 7-year period,
as shown by table 92, was from a minimum of 120,000
in 1935 toa maximum of 145,000 in 1930. The figure
for 1936 of 139,000 is close to the 7-year mean. Data
obtained from the Bureau of Reclamation show a
variation from year to year in the figure given for net .
irrigable area of the Project. The variation is small
and is largely due to progress below El Paso in the
river channel rectification program of the International
Boundary Commission and consequent changes in
sovereignty of lands exchanged between Mexico and
the 'United States to maintain the international
boundary in the center of the rectified channel. Taking
a round figure of 175,000 acres, which is close to the
average of the figu-res reported for the 11-year period
1926-36, the maximum irrigated acreage of 1930 was
83 percent and the minimum of 1935, 69 percent, of
the net irrigable acreage. Experience has demon-
strated that the acreage irrigated in any one year
on a fully developed irrigation project rarely exceeds
90 percent of the irrigable area and generally, ranges
from less than SO up to 90 percent. For the Rio
Grande project it was considered that the niaximum
irrigated area of 145,000 acres could be taken as
representing the irrigated acreage under full develop-
ment. A comparison of annual reservoir releases 1930
to 1930 with the irrigated acreage of the project in the
same years would seem to indicate that increase or
decrease in the amounts of water released has had
little or no relation to the changes from year to year
in the irrigated acreage. Apparently the releases
have been strongly influenced by other factors, such
as arroyo inflow, precipitation, nature of crops, and
impending water shortage. However, in order to
assure an adequate diversion demand for an irrigated
acreage of 145,000, the previous figure of 564,000
acre-feet for net diversion of unused reservoir water
was increased by the ratio of 145,000 to 136,000, giving
600,000 acre-feet. This neglects the fact that any
increase in the irrigated acreage over the mean of the
past few years would, as shown by the 1936 survey
and report of the Bureau of Agricultural Engineering,
probably constitute a substitution of present water-
consuming areas of native vegetation and hence involve
no material increase in consumption.
An addition of 65,000 acre-feet to the net diversion

requirement to allow for operation and other wastes
indivertiblc by the project was derived as shown in
table 93.
River-bed losses above Tornillo Heading of unused

reservoir releases, another addition required, were
derived for each division as the residual quantities
after the reservoir water in net diversions a as sub-
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tracted from the differences between the amounts of
reservoir water passing at upper and lower river
stations of the division. The mean losses, 1930-36,
so derived were 30,200 acre-feerin Rincon division,
26,800 in Mesilla division, and 6,500 in El Paso division
down to Tornillo Heading, making a- total of 83,500
acre-feet.
Using the figure of 61.5 percent shown in table 90

for the percentage of unused reservoir releases in the
river water at El Paso, the release of reservoir water
required to supply the treaty allotment of 60,000
acre-feet to INInico becomes 37,000 acre-feet. The
remainder is made up from drainage return and arroyo
inflow.
The items making up the required diversion demand

on Elephant Butte Reservoir,• as developed in the
discussion to this point, are:

Net diversions for Rio Grande project irrigated acreage

Acre-fect

6f 143,000 600,000
Rio Grande project wastes 65,000
River-bed losses above Tornillo Heading 64,000
Fulfillment of Mexican treaty obligation 37,000

Total 766,000

TABLE 93.—Derivation of operation and other wastes indivertible
by Rio Grande Project

Item

Project waSteS

Total acre-
feet

Percentage of Reservoirunused reser- •
voir water i waterfeet)included I

Flow in river passing Ton:lilt° heading in
1936  
vaste to Mexico front Guadalupe canal
(mean 1530-35) 

117,400

1,401/

'27.4 1 32,200

61.5 I 900
Wastes below project, comprising waste-
ways discharging below Tornillo Bridge. 1

Tornillo canal waste, and Hudspeth
diversion (mean 1930-36) 64.100 36.2 22.100

Total 202.000  65, 200

. te table ad.
Helen:nee to the records of discharge of Rio Grande at Tornillo Bridge indicates

he flow past Tornillo Headinz in 1934, 1835. and 1936 was greatly reduced below that
3 previous years, (The result. presumably. of initiation of more economical opera.
ion pr.ictioes.1 Tile 1936 flow was therefore considered as probably more represen-
ative of future conditions than the 7-year mean.
I Less than percentage for Tornillo canal because of indivertible arroyo inflow la-
;wird in river Bow passing Tornillo.

Additional Requirement for Sglinity Control—As
?resented in a previous section of this report, in-vestiga-
:ion of the quality of water in the Upper Rio Grande
3asin has shown increased concentrations Of salt in the
rrigation and drainage water in the downstream
&cation such that, whereas the average concentration

the irrigation water at El Paso at the head of Frank-
in canal, as shown by electrical conductance, is 127;
)1(` concentration at the head of Tornillo canal in the
owe!. El Paso Valley is 212. The marked increase
)etween these two points is of course due to the heavy
lepletion of Rio Grande flow 'in the vicinity of El Paso

Mo Grande Joint Inreeigation

and the influx of drainage to the river just. above
Tornillo Heading. The percentages of unused reser-
voir releases in the river at the head of Franklin and
Tornillo canals, as shown by table 90, are respectively
02 and 3S, rind it is to be noted that the ratio of these
percentages is almost exactly equal to the inverse ratio
of the average conductances of the water at the two
points.
The water users of the lower El Paso Valley have

complained of damage to crops and have attributed it
to high salt concentrations in the irrigation water,
particularly in such a year as 19'35, when, following the
dry year of 1934 and resultant low level in Elephant
Butte Reservoir, diversions and waste were definitely
reduced in fear of an impending Shortage. Table 94
gives the net diversions rind acreage irrigated in upper
El Paso Valley under Franklin and Riverside canals
and in the lower valley under Tornillo canal fof the
years 1934, 1935, and 1936. Data on the irrigated
acreage under Tornillo canal for earlier yenrs were not
available. This table shows the reduction made in
1935 in the diversion per acre in both upper and lower
sections of the valley. It shows also that there has
apparently been no greater unit application of water
made under Tornillo canal for the purpose of minimizing
the effects of higher salt concentrations than in upper
El Paso Valley.

TABLE 94.—Comparison of 71e1 diversions per irrigated acre under
upper and lower El Paso Valley canals of Rio Grande Project,
1934-36

Item 1934 1933 1416 I Mean

UPPER EL PASO VALLEY—FR. NHLIN AND RIVERSIDE CANALS

Acreage inicated 40.819 I 36. 575 42.776 41.157
Net diversions—total acre-leer 2 . 500 ! 174. 7110 203.000 201.200
Acre-feet per irrigated acre 5 55 4. 3.8 4.73 4.89

LOWER EL PASO VALLEY—TORNILLO CANAL

Acreage irrigated 
!

6, 59?. 6, 191 7,64 6. 922
Net diversions—total acre-feet 35. 500 ! 24. 100 35.400 32. 704)
Acre•feet per irrigated &ere • 5.39 ! 3.55 4.61 4. 2

In accordance with the data and discussion of
quality of water in a previous section of this report, high
salt concentrations in the irrigation water must be
offset by greater applications of water to the land, if
the concentration of the soil solution in the root zone of
the plants is to be maintained low enough so that the
plants will not suffer. With respect to such control it
was stated that the indefiniteness under present
knowledge of the quantitative factors involved lead in
this report to more or leA arbitrary assumptions as to
the amount 01 additional water need ea to be applied to
maintain a satisfactory salt balance. Furthermore,
after due consideration of the available information
regarding adverse salinity conditions in the valley•
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below El Paso, it was determined. to assume the need
for such additional - water only in the area of the Rio
Grande Project that lies under Tornillo canal.
It is indicated that the averaze salt concentration of

the water available for diversion at the Franklin and
Riverside headings is within the range of Permissible
amounts. At the Tomillo Heading, however, con-
centrations are claimed to be high enough to show
injarious effects on vegetation. Hence, although, as
indicated by table 94, no increase in the Tornillo diver-
sions per acre over those of Franklin and Riverside
has been made, it appears that some increase should be
made.
With respect to the magnitude of the increase to be.

made, it seemed best to arbitrarily assume an amount
which could be considered reasonable, pending the
collecting of data over a number of years to determine
definitely its adequacy. The increase in diversions
thus assumed for the Tornillo canal was 60 percent.
From table 91 the mean net diversion, 1930-36, by

Tornillo canal was 31,400 acre-feet. An increase of
60 percent amounts to 18,500 acre-feet, making a total
diversion of 50,200 acre-feet, which is 3.2 times the
estimated average stream-flow depletion in the Tor-
nillo unit. This is to be compared with an average net
diversion, 1930-30, to the entire El Paso division of
2.1 times the stream-flow depletion therein, as indicated,
by table 91.
In considering this allowance for salinity control,

cognizance should be taken of the liberal allowance
which was made for wastes, as shown in table 03, in
deriving the Rio Grande Project diversion demand.
Of the 18,800 acre-feet increase indicated for Tor-

nillo canal, 38 percent, as taken from table 90, or 7,100
acre-feet, would be unused reservoir release. Taking,
then, 7,000 acre-feet as a rounded figure for salinity
control, its addition to the previous total derived for
the annual demand upon Elephant Butte Reservoir
gives 773,000 acre-feet. This is the demand adopted in
this report for subsequent reservoir operation studies.
The annual demand on Rio Grande at San Marcial was
derived by adding the estimated mean annual amounts
of evaporation and seepage from Elephant Butte
Reservoir. From data and analyses given in the sec-
tion of this report on Ater supply, mean annual
seepage losses were estimated at 60,000 acre-feet and
evaporation at 120,000 acre-feet. The latter represents
the mean for the period 1915-35. A summarization of
the items included in the total of the required demand
on San _Mucha is given in table 95.
Depletion and Diversion Demand by Integration
Methoc1.—Esing the Bureau of Agricultural Engineer-
rne. data on acreages and estimated consumptive require-

ments as given in table Si, and reducing unit values for

consumption by 0.7 foot to correct for precipitation,

the stream-flow depletion requirement for the Rio
Grande Project area is derived as follows:

Classineation

Stream-dose depletion
1 

Acren'' pe5rnafieez t aeTmo_tfaula 

Irrigated area 154.552 325.000
Native vegetation_  30.561 S2.500

iseellaneous 2i. 057 1.0 : 49, 5L0

Total 211.170  457.000

TABLE 95 —Required annual direrrion demand upon Rio Grande
at San Marcial for Rio Grande project and Mexican treaty
obligation

nem

Annual demand to acre-feet

Elephant
Butte San .Marcial

1 Reservoir

Net diversions for Rio Grande project irrigated acreage !
of 145.000  600.000  

Rio Grande project wastes  65.000  
Riverbed losses above TornIllo Reading  64.000  
Salinity control in area under Tornillo canal  7.000  
Fulfillment of Mexican Treaty obligation  37.000  

TOtal reservoir releases  770.000.
Reservoir evaporation  im. coo  

- Reservoir seepage  60.000  
Total reservoir losses  180.000

Total demand on San Martial 953.000

This total includes all losses in the area. To Compare
it with the Project figure of 351,000 acre-feet previously
derived by subtracting drain return from net diver-
sions, it must be reduced by the losses, such as those
from the river bed, not included in the 352,000 acre-
feet. The mean annual river-bed losses above Tornillo
Heading as derived by the detail study of 1930-36
data was 90,000 acre-feet. Subtracting this from
457,000 gives 367,000 acre-feet for the Project stream-
flow depletion by the integration method, as against
the 351,000 acre-feet.
The necessary allowances for drain flow, wastes,

arroyo inflow, and salinity control to derive the
required diversion demand on Elephant Butte Reser-
voir, based on the total Project stream-flow depletion
of 457,000 acre-feet, are indicated in the following
summary:

Arre-ferl

Total required stream-flow depletion, Rio Grande.
Project, by integration method  457, 000

Flow in river passing Tornillo Heading
in1936   117,400

Total of arroyo inflow above Toruillo Head-

ing, mean 1930-36  63, 200

Net river waste below project 

Indirertible wastes and drain flow below project, com-

prising drain flow and waste discharging below

Tornillo Bridge, waste to Mexico front Guadalupe

Canal, Tornillo Canal waste, and Hudspeth diversion,

mean 1930-36  135, 000

1038 nom considered 95 probably more representative of future toad I tious than the
7-year mean because of 'narked reduction in How beginning with 1934.

64,200
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alinity control in area under Tornillo Canal = 
-uirillment of Mexican Treaty obligation 

Total required demand on Elephant Butte
Reservoir 

Increase is ditersima rentUresent of Toruihe Canal.

This demand on the reservoir of 736,000 acre-feet
acks 37,000 acre-feet of agreement with the corre-
ponding demand of 773,000 acre-feet as derived in the
Irevious analysis. If in the 773,000 acre-feet derivation,
io increase had been made in the mean net diversion
igure of 564,000 acre-feet in accordance with the ratio
1 145,000 acres, as the irrigated acreage of complete
lerelopment, to 136,000 acres, the 7-year mean of
:rigated acreage, the resulting summation for the
lemand on the reservoir would have been 737,000
cre-feet; a demand practically identical with that
erived by the integration method using the Bureau
f Agricultural Engineering estimates of unit consump-
ion. _Notwithstanding the implication of the foregoing,
ad in view of the fact that between 144,000 and
45,000 acres were actually irrigated in 1929, 1930,
nd 1931, and more than 142,000 in 1926 and 1928, it
ni considered that the required demand on the reser-
oir of 773,000 acre-feet should be used as a con-
_Irvative estimate.
Monthly Distribution of Demand on Reservoir.—

'he monthly distribution of the adopted demand on
ie reservoir was taken to correspond with the mean
ionthly distribution of total net diversions to Rio
'rrande Project in the period 1930 to 1936. Although
u s does not conform exactly to the distribution speci-
ed by the Mexican Treaty for delivery of the 60,000
.:re-feet to Mexico, the latter represents a relatively
nail portion of the total demand on the reservoir so
Lot any modification of the distribution as derived
I" the Project, to correct for it, was considered un-
cessary. The adopted. distribution is shown in

&six 96.—.6fcrnth2y distribution of required annual demand on
Elephant Butte Reservoir

..ters-ful
I 9, 000
60, 000

736, 000

Month

e.

Monthly distribution of
demand

In percent acre-lett

urt ry 
bruary 
irrla 

13' 

7. USE 
nteraber 
tuber 
',ember 
comber 

t ear 

0 0
3 M.000

0.2.000
IS • Immo
13 100.000
15 ilcoqo
17 131.000
It 124.000

70.000
11.000
0.000
S.000

IOU 773, 000

buSed on mean monthly distribution or total net diversions to rtio
ande project it, the period 1930 to 1939_

table 06. The peculiar drop in May after the heavier
draft of April is characteristic of diversions in the Rio
Grande Project and occurs in most years in all three
divisions.

Uses and Requirements
Other Than Those for Irrigation

The total use of water in the Upper Rio Grande
Basin for purposes other than irrigation is but a small
fraction of the irrigation use. Such other use is repre-
sented by domestic consumption in cities, towns, and
villages as the principal, and power generation as a very
minor, use. Construction which will increase the power
use is now under way. As another classification, plans
have been made by the Biological. Survey for use of
water for a large migratory waterfowl refuge on the
Bosque del Apache Grant north of San Marcial.

Use by Cities, Towns, and Villages

As a general average it has been observed that the
water requirement of cities and towns corresponds close-
ly to the irrigation requirement of agricultural lands ofe
equivalent area. Hence, in mapping and tabulatingi
the irrigated and water-consuming areas of the Upper:

Rio Grande Basin, the Bureau of Agricultural Engineer;.'
lag included the area of cities, towns, and villages in a
special classification as shown in table 71, and in deriv-
ing the consumptive requirements of the various units
of the basin, as shown in tables 76 to Si, a unit consump-
tion corresponding to agricultural use was selected and
applied to the areas of this classification to give their
total consumption. Except for surface supplies in a few

instances in some of the tributary areas, the city, town,

and village water supplies are practically all obtained by
pumping from ground water which, in turn, has its

source in stream flow and in precipitation on the floor of
the valleys. From a basin-wide standpoint, therefore,
this use constitutes a stream-flow depletion. By includ-
ing the areas of cities, towns, and villages in the total
areas for which consumptive requirements are esti-
mated, the demands upon stream flow derived therefrom
for the major units of the basin, as developed inpreced-
ing paragraphs of this section of the report, have in-
cluded an allowance for city, town, and village use.
Hence no special consideration of this use or allowance
for it is here required.

Table 97 gives the area of the cities, towns, and
villages and corresponding stream-flow depletion as
derived from the Bureau of Agricultural Engineering
data. Albuquerque is included in the arures for the
Middle section, but El Paso is exciudea from those for
the Elephant Butte-Fort Quitman section. Exclusive
of El Paso's use, this shows a total annual stream-flow

•

•
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depletion by the cities, towns, and -villages in the entire
Upper Rio Grande Basin of 21,000 acre-feet.
While the supply for citia and towns is here treated

as a consumptive use, it is to be observed that the
sewage, whether raw, treated, or spread by broad irri-
gation, becomes return water as effectively as the return
from irrigation. The aggregate amount probably varies
between 60 and 75 percent of the city supply and is,
therefore, relatively greater than return from irrigation.
In San Luis Valley the water supply of practically

all towns and villages which overly the artesian basin
is derived from artesian wells. The surrey of artesian
wells in the valley made by the Geological Survey in
1936 indicated a total of 1,380 artesian wells in Ala-
mosa, Center, La Jars, Monte Vista, and Sanford, with
a 'total annual discharge of about 8,700 acre-feet.

TABLE 97.—Estimated water consumption by cities, towns, and
oil/ago in the Upps7 Rio Grande Basin

Are, or
cities,

llesin unit towns, and
villtres
(acres)

Annual stream -
now depletroe

Unit,
acre-feet
per acre

Total
acre-feet

(1) (2) (3) (4)

5..an Luis sectioa:
Closed basin  3,03.1 0.9 930
Southwest area  4133 .9 3,700
Sousbeast area 502 .9 800

Total 

liliddle ceerioni
3fatic stem Rio Grande from Colorado line to

15.029  5.430

San Marcia! 10.309 L3 5.370
West side tributary areas. 1,340 30 1,5-10
East side tributary areas  2,353 1.0 0,310

Total 10,231  12.170

Elephant Butte-Fort Quitman section:
San Marcia? to Tmas State her 1,846 1.0 ' 2,433
El Paso to Fort Quitman in Texas 737 1.3 1.020

Total 7 613  1 3,430

Total Upper Rio Grande Basin  19.913  21,000

; Includes Albuquerque.
'City cf El Paso, 6.210 acres, is ant included. The city andosrirate industries are
supplied trona deep wells. Production of municipal wells in 2030 was 8,900 arre-teet.
A. 103; curt-es' 01 prirste and other them city wells made by the city water works indi-
cated an annual production by these wells of about 5.600 acre-feet.
Coiumn (2'. From data of Bureau of A.gricultUral Engineerin:. table 71.
Column (31. From data of Bureau of )zricul rural EngineerinS. tables 76, 70, and SD,

corrected for preciPitation•

The water supply for Albuquerque, a city of about
34,000 population, is obtained by deep-well pumping.
The present annual draft on the wells is about 3,000
acre-feet, which represents an average daily consump-
tion of 2.7 million gallons. The manimum daily con-
sumption in summer months is about 6 million gallons.

These figures correspond to an average consumption
per capita per day of SO gallons and a maximum of
about 175 gallons. The city has filed an application
with the Federal Emergency Administration of Public
Works fc,r a project which would substitute .a mountain

supply from Jemez Creek watershed for the present
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pumped supply. As outlined in the report on the Jemez
project prepared by the consulting engineers engaged
by the city, the project would comprise two reservoirs
on the headwaters of Jemez Creek, the Valle Grande
and the San Antonio, with capacities of 12,000 and
15,000 acre-feet, respectively, and a 52--mile pipe line
to the city diverting from Jemez Creek near Jemez
Springs, about 15 miles below the reserVoirs. The
project is designed to deliver 6,000 acre-feet of water per
year as the requirement of the city when the population
will have doubled (estimated to occur in 1965) without
any impairment of the natural stream-flow supply as
now used for the irrigation of Indian and other lands
below Jemez Springs. As to the net effect on the water

supply in the Rio Grande, of substituting the Jemez
project for the present pumping system, the opinion is
expressed by the project's consultants that the present
use is undoubtedly a draft, direct or indirect, on Rio
Grande; that therefore construction of the Jemez proj-
ect amounts only to a change in point of diversion;
and that since there would be practically no trans-
mission losses with the pipe line, the change. would
result in a substantial saving of losses by evaPoration
and seepage which occur under present condit:anns, in
lower Jemez Creek and the Rio Grande, for an iequira-

lent delivery of water to Albuquerque through stream
channels.
The water supply for El Paso, with a population of

about 110,000, is obtained from 10 wells ranging in
depth from 650 to 8.50 feet. It is indicated that the

source of the ground water upon which these wells
draw is the precipitation on an extensive area to the
east of El Paso. According to data furnished by the
superintendent of the city waterworks, the production

of the municipal wells in 1936 was 8,800 acre-feet. The

average annual production, 1932 to 1936, inclusive,
was 8,380 acre-feet. In 1936 the average daily draft

during June, the maximum month, was 11.7 million

gallons, and during December, the minimum month,

5.5 million gallons. In addition to the municipal wells

there are many wells owned and operated by private

industries and others. A1936 survey by the city water-

works indicated an annual production by these wells of
about 5,600 acre-feet with a maximum daily draft during
summer months of 7.5 million gallons and a minimum

in winter months of 3.5 million gallons. With respect

to the future of the water supply for El Paso, the follow-

ing is quoted from a letter of January 12, 1937, from

the superintendent of the city waterworks to the en-

gineer in charge of the Rio Grande joint investigation:

We are contemplating the drilling and construction of three
additional wells within the very near future, said construction

to be contingent upon the reconmenclations and advice which

will be contained in a report of a survey of the underground water
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resources of El Paso and vicinity which was made during 1935
and 1936 by the United States Geological Survey.

The records which this department has maintained over a

period of years indicate that the static tevel of our ground-water

supply is slowly receding. This, of course, can mean but one

thing; that is, that the pumpage in this area exceeds the recharge.

Should the static level continue to drop during the next 10 or
20 years as it has during the last 15 years, we believe that we shall

find it necessary to seek another source of supply. Of course,

there is but one other source of supply available and that is the

Rio Grande. However, we do not think that it will be necessary

for us to use water from that source for several years, if at all.

Use for Power Purposes

The present hydroelectric plants of 100 horsepower or
more in the upper Rio Grande Basin are listed in
table OS. As indicated, the total of installed horsepower
is only 390. At the present time Caballo Dam is
under construction on Rio Grande, 25 miles below
Elephant Butte Dam. As planned, the reservoir
formed by this dam will have a capacity of 350,000
acre-feet to serve the dual purposes of flood control—
for which 100,000 acre-feet of capacity is reserved—
and re-regulation for irrigation such that firm power can
be developed at Elephant Butte Dam. When Elephant
Butte Darn was constructed, gates and six penstock
openings were built into it in anticipation of future
power development. Without re-regulation below the
darn, water must be released from the reservoir in
accordance with the irrigation demand and releases of
this character will not permit development of firm con-
tinuous power. With Caballo Reservoir under con-
struction, the Bureau of Reclamation has given tenta-
tive consideration to an installation at Elephant Butte
Darn of 25,000 kilowatts. Operation studies of the
Bureau indicate a possible development of 95 million

Rio Grande Joint Investigation

kilowatt-hours annually with no loss to the water
supply of the Rio Grande project or waste. 'The cap-
tured Elephant Butte spills and arroyo inflow to Cabal,
Reservoir are estimated to offset any losses due to
increased evaporation at Elephant Butte and Caballo
Reservoirs and to minor spills from Caballo Reservoir
in the winter.

TABLE OS —Hydroelectric plants of 100 horsepower or more in
Upper Rio Grande Basin

State Stream Operator toe tor power

New Mexico. Rio Grande (Ele- Bureau of Reolerina- Operation of dam
phant Butte tion. and camp.
Beam).

Sawn Fe Creek__ ew Nfexico Power
Co.

Standby for city of
santire.

Do Rio Colorado Molybdenum Corpo•
ration of America.

Milling -

Total

As noted in subsequent sections of this report, the
Bureau of Reclamation is investigating the possibilities
of power development in connection with the proposcfrl
Wagon Wheel Gap Reservoir on Rio Grande in Colo-
rado and with the San Juan-Chama transmountain
diversion. With irrigation the primary and paramount
use for water in the Upper Rio Grande Basin, and with
shortages in the available water supplies to meet com-
pletely the demands for that use, the rule rather than
the exception, the development of water power on
these projects, or on any others proposed must, as in
the case of the Caballo project, be so coordinated with
irrigation requirements that the primary position of
the latter is fully maintained.

•

•
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year period based on the entire valley area of 109,000
acres is 1.99 acre-feet per acre.
Consumptive use by integration method B.-The sum

of the products of the areas of each crop (or group of
crops) in acres, times the consumptive use for each
crop, Lives the consumptive use on all cropped land by
method B, designated in this report as the integration
method.
Land Area Classification.-Tbe areas of land used

for different groups of crops in ". Iesilla Valley are given
in table 94. The detailed Bureau of Reclamation crop
surveys of agricultural lands are classified by New
Mexico State College authorities in eight groups: alfalfa,
cotton, forage crops, fruits, grains, pasture, vegetables,
and miscellaneous. Column 2 of the table shows that
there has been a decrease in the area devoted to alfalfa
since 1923. The cotton area has increased greatly.
Column 10 of the table shows the total cropped area
each year.
Table 05 shows the classification of Mesilla Valley

land areas into cropped area (AO, native vegetation
(.e„), water surface (A„), bare land (.41) and fallow
land (..-1/). Column 2 shows the growth in cropped
area. There are no long-time records of Mesilla Valley
areas in native vegetation. Column 3 of table 95
shows the native vegetation areas from 1919 to 1935
as determined by subtracting from the area. of the
Valley floor, 109,000 acres, the sum of the cropped
acreage the water surface acreage (A.), the bare
land surface area (A1), and the fallow area (Ar). The
,zeneral trend in area of native vegetation from 1919 to
1933 was downward, and the increase from 1933 to
1935 is apparently attributable to an assumed reversion
of fallow land to native vegetation. It is estimated
that about one-third of the native vegetation area was
trees and two-thirds brush and grass.
Experiments on Use of Water.-As noted on page 344

considerable experimental work has been done by the
v , Mexico Agricultural Experiment Station in

i-lperation with the Bureau of Agricultural Engineer-
with a view to finding the irrigation requirements

and the consumptive use of alfalfa, cotton, grains, and
•-•,-,rne vegetables. Results of this experimental work
have been accumulated for many years, end many
.1-‘-e been published, but not all. Both published and
epublished data have been analyzed.
It is believed that, the consumptive use for cotton,

e.hich has recently been given most experimental
st edy. may be determined for like conditions with a
fair degree of accuracy on the basis of the experimental

study of the relation of the yield of cotton
.1 the consumptive use of water for the years 192S to
t l• ; seems to warrant the conclusion that cotton

• 1 !-• fairly w!th i777(,-.,.5( in consumptive

Rio Grande Joint InrestigaCon

TAst.t.: 04.-Mesilla Valley crop areas, in acres, front Bureau of
Reclamation records used in estimating consumptive use, by
method B, by years, 1019-5.5

Year Alfalfa Cotton P"'2 iTe Fruits Grain! Pas"sure

_
V''.'-table

-AI iS•
etIls•neous TrUa)

(I) (2) (3) (4) (5) (6) (7) (8) (9) 110)

1919 

I 
I 

C
I
.1 

t
i
n
i
t
;
t
8
.
-.V
4
 

.
4
1
.
0
,
1
0
 
0
,
 <P
P
 

C
a
t
.
.
 
.
y
g
.
,
 

24 2.510 700 15.130 3.645 2.530 0 41.2'J
1920 6.662 6,534 768 33.422 3,270 3,360 0 45. 401
1921 519 3. 192 476 16. 215 5.673 1. 431 0 46.334

2.731 1. 934 708 11.617 3, 182 4.033 204 4.1. 2706523 14.433 4, 453 1134 4. 034 4. 478 219 n 42.s71
1924 59,9411 2,535 547 2. 153 3.516 2.143 0 62.177
1423 41,496 1,529 601 2.330 1,703 2.361 0 83. 500
1926 41.560 910 701 3. 4 l 5 902 3. 705 2.302 69, 724
1921 41. 430 6,227 430 6.43.1 1,330 3,42,) 0 71. 261
19M.. 37.220 925 WS 2.125 1.331 2.740 n 75.11:
19^^ 58.615 1.045 650 1, 449 1.012 2.439 II 71,1,73
1930 53,619 1.384 343 3, 377 757 3. 103 0 75, 743
1931 47, 106 1.760 549 7.490 EC 2.826 0 3!1;
193^ 42, 271 3,905 369 7,919 1.066 4.212 o 74, 93f.
1933 42.643 4.284 311 6,076 1.605 3.532 4.455 73.922
1934 35, 156 4.526 666 6,303 6.305 3, 129 413 64. 647
1035 33.135 4,305 406 4.497 719 3,073 700 53, 661

Acera:e_ _ 14, 504 32, 407 2,492 574 6,731 2,230 2,599 493 62, SLC

TABLE 95.-Mcsilla Valley and classification in acres, used in
estimating consumptive usc by method B, by years, 1919-33

Ycar

(1)

Crops

A.

62)

Nati re
repots-
tints

A.

(3)

1A'ater

.1.

(4)

Bore

AI

(5)

Fallow

.4/

(0)

Tetel

.4

(7;

1910  44,220 50.490 7.000 4,100 3,024 100,000
1920_ 45,661 49.477 7,000 4, 96 2.404 109.000
1921 46, 334 46.397 7,000 4,19,) 3,073 109,006
1922_ 45, 259 49,184 7.000 4,106 3,301 109,000
1923. 49,679 46,959 4.001 4.196 3.932 109.000
1924 55.772 33.832 4.001 4.106 6.104 :09. 090
1925_ 63, 500 33,344 4.001 4, 106 3.956 109.006
1926 69, 724 24, 556 4.004 4.198 6.520 1(19.000
1027 71, 261 27, 436 4,004 4, 196 2.053 (00,000
1025 71.102 24,743 4,001 4, 196 695 105.000
1929. 74,075 34,023 4.004 4.196 697 109,009
1930_ 73, 745 24,437 4,004 4, 196 625 106,000
1931 75. 316 24,078 4,004 4. 196 1.406 109.000
1932_ 74. 936 24.091 4,004 4.190 5.773 109.000
1933 75, 532 22,730 4.004 4.190 1, 2'20 102,660
1934 50847 22.077 4.004 4.196 12. 976 109,000
1935_  IS, 867 27.1373 4,004 4. 195 14,229 100.000

• .

use up to 2 acre-feet per acre, and that beyond a use
of 3 acre-feet per acre, the increase in yield was so small
as to be negligible. On the basis of these data an
estimated unit consumptive use of 2.5 is probably
near the truth. It is believed that the error of the
average consumptive use is not more than 10 percen t.
Estimates of the consumptive use of alfalfa are subject

to a larger error. An analysis of the relation of alfalfa
yield to the amount of irrigation water used, based on
many years of experimental work in Mesilla Valley as
reported by the New Mexico Agricultural Experiment
Station and Bureau of Agricultural Engineering (7),
seems to indicate that alfalfa yield was not increased
much, if at all, with increase in amounts of irrign
water beyond 4 acre-feet per acre. All tile data pub-
lished about the more recent work on the consumptive
use of alfalfa, as summarized by Prof. A. S. Curry,
WoUld seem to give no basis for concluding that yield
1125 inorrn rl \V1 11 1nr..r0f1,4‘ Hi r1111:41111111tiVi?. use hrytold

•

•

•
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PART IV

SECTION 5.—THE ELEPHANT BUTTE PROJECT

Surface Waters

The area. here desiznated as the Elephant Butte
project includes that section of the Rio Grande Drain-
age Basin lying between the San Marcial gaging station
on the north and the Fort Quitman gaging station on the
south. Within this area the irrigated lands of the Ele-
phant Butte project lie on the flood plains adjacent to
the stream and are almost continuous from Perch!).
Dam, located at the north line of township 17 south, in
New Mexico, to the intersection of the river with the
eastern boundary of El Paso County, Tex. On the
south side of the river below El Paso there is an area of
irric.ated land in Mexico that is not included in the
Elephant Butte project. There is also an area of irri-
gated land in Hudspeth County, Tex., east of El Paso
County and above the Fort Quitman gazing station
that is not included in the Elephant Butte project or
in the present investigation.
The Rio Grande enters the Elephant Butte.area at

the northeast corner of sec. 25. T. 7 S., R. 2 W., N.
Mex. P. M., where the zero of the gage at the San
Marcia' station is 4,455.38 feet above sea, level and the
water surface of the stream is 6 to 8 feet higher. It
leaves the area at the Fort Quitman, Tex., gaging sta-
tion, where the zero of the gaze is 3,454.06 feet above
sea level and the water is usually 2 feet or less above
that elevation. The Fort Quitman station is approxi-
mately 180 miles south and 84 miles east of the San
Marcial station, a distance by river of approximately
240 miles.
There arc several small ephemeral streams that enter

the Rio Grande from the west between San Marcia' and
Las Cruces, N. Mex. None of importance enters from
the cast or from either side south of Las Cruces. Local
torrential rains ft:Mine in this narrow section of the
basin cause temporary floods and add something to the
water supply. But the major portion of the water
used in the Elephant Butte area enters by way of the
main stream at San Marcia'.
Elephant Butte Dam, located about 38 miles below

San Marcia], creates a reservoir that when full backs
the water up nearly to the geeing station. Water is
released from this reservoir during the irrigation season
to supply the irrigated land of the Elephant Butte
project and certain lands in Mexico, below El Paso.
The irrinted lands of the Elephant Butte project

fall into three divisions, separated by natural constric-
the valley. The arst or uppermost of these is
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the Rincon division. This is irrigated by water di-
verted from the river at Percha Darn, located near the
north line of township 17 south, about 20 miles below
Elephant Butte Dam. The division extends to the
south line of township 19 south. The flood plain
throughout this division is narrow, seldom more than a
mile wide.
The next division, the l‘lesilla Valley, begins at

Leesburg Darn, located in sec. 10, T. 21 S., It. 1 W.,
and extends-southward across the State line into Texas,
ending at another constriction of the valley just above
the El Paso (Courchesne) gaging station in sec. 0, T. 27
S., R. 4 E., a distance of nearly 60 miles. The flood
plain of the Valley in this division ranges up to 4 miles
in width. Its irrigation water is diverted not only from
Leasburg Darn but also from Mesilla Dam, located in
sec. 13, T. 24 S., It. 1 E.
The lower or El Paso Valley division occupies the

flood plain on the north side of the river from the city
of El Paso to a point about a mile west of the line be-
tween El Paso and Hudspeth Counties where higher
land approaches close to the river channel, here the
international boundary. This division is about 33
miles long and ranges up to 4 miles in width. Its
irrigation water is diverted from the river at three
points: (1) at International Dam just west of El Paso
city. limits; (2) at Riverside heading, 2 miles south of
the town of Isleta; and (3) at Tornillo canal heading
about a mile south of the town of Febens.
In the Elephant Butte project there is not a definite

system of riverside drains such as are found in the
Middle Valley. There is, however, an extensive system
of open drains in each of the divisions of the project.
The water collected by these drains in each division is
returned to the river above the point of diversion for
the next division farther down stream.
In connection with the present investigation, the

waters of the Rio Grande have been sampled at 8 suc-
cessive stations below San Marcial, beginning at the
outlet of Elephant Butte Dam and eliding at Fort
Quitman gaging station. The waters collected by the

drains of the project have been sampled at 29 stations.

The conductance data in respect to these samples are
reported on pages 168 to 175 of the analytical data.
Certain detailed analyses of samples from some of these

stations are reported on pages 262 to 265.

The subject of the quality of the irrigation and drain-
age water of this project had been under investigation

•

•

•
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for several years before the present investigation was
begun. The results of these earlier investigations have
been incorporated in the present report and will be
considered in the discussion of it.
At the moment only scant reference will be made to

the data based on samples collected from the successive
stations along the main stream. These data will be
discussed in a later chapter of the report. It may be
noted here that the conductance results on page 169
of the analytical data show that during the late sum-
mer of 1936, the salinity of the water increased at each
successive diversion point from a mean of 87.9 at
Percha Dam to a mean of 398 at Fort Quitman. These
values should not be taken as the best expression of
conditions at these stations but they do illustrate the
fact that the salinity of the ricer water increases as it
passes through the project. The trend of the volume
of discharge is shown by this same table to be in the
opposite direction. The mean discharge at Percha
Dam for the sampling dates was 1,739 cubic feet per
second while the means for the sampling dates at Fort
Quitman was only SS cubic feet per second. These
values also should not be taken as the best available.
A more complete summary of the discharge and salinity
conditions along this section of the stream will be given
in a later- chapter.
In respect to the drains of the project, data as to

volume of discharge and salinity are available for rela-
tively long periods. As early as 1918 the Bureau of
Reclamation began to take water samples from some of
them and. to determine the total dissolved solids by
evaporating a filtered aliquot and weighing the dry
rc,i,bie. This program of sampling was continued
t hrough 1036. The rates of discharge and total dis-
solved solids for the drain as re-ported by the Bureau
of Reclamation are given on pages 270 to 285 of the
analytical data.

In order to supplement this inquiry with information
:is to the composition of the dissolved salts, additional
samples have been taken for detailed analyses. During
t he period from January 1029 to July 1930, five sets of
s tir pies were taken in this inquiry. Again from April
i 33 to January 1934, four sets of samples were taken.
Finally, a single set of samples was taken in August
1936. The results of the detailed analyses of these 10
consecutive samples are shown on pages 286 to 295 of
the analytical data.

In addition to the samples taken in 1936 for detailed
analysis, consecutive samples were taken from each
drain during the late summer of 1936 for conductance
determination. The results are given on pages 168 to
1 75 of the analytical data. The Means for the dis-
j,arce, the total dissolved solids and the conductance
obtained by these three different investigations show

good agreement in respect to each drain where
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comparisons are possible. This appears to indicate
that in volume and in concentration the discharge of a
drain has been fairly constant, at least during recent
years. This makes it possible to show in tabular form
some of the characteristics of each of the drains in the
project. The data presented in the following tables
are from the findings on the samples taken for detailed
analysis from 1929 to 1936. It should be understood
that these data are not to be taken as the truest and
most accurate that could be derived from all the infor-
mation available. They do, however, show approxi-
mately, what the conditions of discharge and salinity
have been.
In the Rincon division there are four drains as shown

in table 9. Each of these drains discharges into the
river. Their combined length is 41.7 miles. Their
mean discharge is 1.1 cfs. per mile of drain with a corn,.
bined annual discharge of 36,400 acre-feet of water. In
mean salinity they range from 1.05 to 1.35 tons per acre-
foot, and they discharge annually about 48,000 tons of
dissolved salts. Because of the relatively large volume
of water carried by the river through this division of the
project the effect of this return flow is not appreciable.
In fact the salinity of the drainage water is very little
higher than that of the fiver itself.
For the Mesilla Valley division of the project there are

12 drains listed in table 10. Not all of these discharge
directly into the river. The Leasburg and Mesilla
drains discharge into the Del Rio drain and the Nemexas
and West drains discharge into Montoya. The net
totals shown in the table refer to the system that returns
water to the river. The combined length of the drains
of this division is 2)0 miles, or slightly more because
some of the stations are above tlie outlets. The volume
of discharge per mile of drain ranges from 0.7 to 1.7 cfs.
with a mean of 1.15 or slightly more than the mean for

the Rincon division. The combined annual discharge
for the drains of the division is 205,000 acre-feet of
water carrying 383,000 tons of 'dissolved solids.

TABLE 9.—Drains of the Rincon dirision, Elephant Butte project,
New Mexico; length of drain; discharge of trOiCr and of &seabed
solids

Name Length-
miles

Garfield 
Hatch 
A.ngostum 
moron 

Total division 

12. 4
10.
4.1

14. 4

Discharge DissolTed salts

Cubic
feet per
second
per
mile

Acre-
feet per
year

1.2
1. 3
. 7
1.2

10.000
10. 600
2.000
13, 000

Tons
Per
acre-
loot

Tons
Per
year

Year-
tons
per
mile

1.33
1.33
1.05
1.35

14.400
14, 100
2. 100
17, 500

1, 160
1,300
510

1, 210

3G, 00   10.100

By way of comparison it may be noted that the mean

annual discharge at Leasbure Dam, at the head of the
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TABLE 1O.-Drains of the Mesilla Valley division, Elephant
Butte project, New Alesico and Texas; length of drain; discharge
of water and of dissolved solids

Name Length-
miles

Discharges

Water Dissolved sells

Cubic
leet per
second
per
mile

A are-
feet per
5-ear

Tons
per
acre-
foot

Tons
per
year

Year-
tons
per
toils

Sold en 4.6 I. 1. 3, 000 1. 43 6,100 1,500
Leesburg 
Pieselso 

12.3 . 9
1. 2

6, 300
6, 200

1. 01
1.15

8.400
7.100

700
1,1100

Mesilla 
Del Rio_ 
Chembermo 

17. 1
73. 1
3 3

. 7
1.5
1. 0

5, 300
77, 700
3. 700

1.30
1.32
2.13

10, BOO
102.800
7.900

600
1.400
1.500

Le Mesa 21. 6 1. 7 27, 400 1. 13 31, 000 1.400
East 9 1.0 15,900 4. 06 64.800 2. BOO
A nthony 7. 7 1.0 0, 300 2.34 23.400 7,600
Nemeses 20.2 1. 2 17, 230 2.60 43,001 2.100
West 39. 0 1.3 37, 300 1.61 60.400 1,500
Montoya 67. 6 I. 2 G s, 300 2.45 152,200 2,200

Net total_. 210.  702.000  303,000  

INIesilla Valley division, is approximately 745,000 acre-
feet of water carrying approximately 650,000 tons of
dissolved solids, while the corresponding values at El
Paso (Courchesne) in the lower end of the division are
523,000 acre-feet and 638,000 tons. Between the upper
and the lower gaging station there is an annual loss
of 220,000 acre-feet of water and possibly 10,000 tons
of dissolved salts. If the actual diversion of water to
the irrigated lands of the division were restricted to the
quantity currently consumed, namely 220,000 acre-feet,
this water would carry to the land annually 190,000
tons of dissolved salts none of which would be returned
to the river. It seems inescapable that, the annual
addition of 190,000 tons of dissolved salts to the irri-
gated soils of the division would, in time, impair their
productivity. There may be a question as to whether
it is necessary to divert 200,000. acre-feet of water in
addition to the 220,000 acre-feet consumed in order to
carry away the residual salt and maintain a salt balance
within the division. But it seems obvious that there
must be diverted enough water in excess of the quantity
consumed to carry away the residual salt.
Conditions in the El Paso Valley division are less

simple than in the "fesilla Valley division. The latter
includes all the irrigated land contiguous to and served
by the irrigation and drainage systems. In the El
Paso Valley division on the other hand a substantial

quantity of water, possibly 100,000 acre-feet annually,
is diverted across the international boundary and there
are no data as to the quantity or salinity of the drain-
age return from that water. Then, too, the water to
irrigate San Elizario Island (the island district) is

diverted above Fabens. Finally, there is an area of
r.riczated land in Hudspeth County between the Ele-

phant Butte project and Fort Quitman gaging station,
to which water is diverted below Fabens but for which

Rio Grande Join; Investigation

no data are available as to drainage return. Con-
sequently the best that can be done in respect to the
El Paso Valley division is report the findings as to the
drains located in that division and compare these
findings with the known condition at the Courchesne
station above the division and at the Fort Quitman
station below it, leaving out of account the conditions
on the irrigated lands in Nfexico and in Hudspeth
County, Tex.
There are six drains that discharge into the river.

The volume of discharge per mile of drain ranges from
0.5 to 1.8 cubic feet per second. The combined length
of the drains as shown in table 11 is 193.4 miles and the
combined annual discharge is 133,000 acre-feet, carry-
ing 494,-000 tons of dissolved salts. The mean annual
discharge at. Courchesne, at the head of the Valley, is
approximately 523,000 acre-feet.carrying 638,000 tons
of salt, while at Fort Quitman the mean annual dis-
charge is approximately 172,000 acre-feet, carrying
473,000 tons of salt. It appears from this comparison
that while the annual discharge of the drains from this
division is some 50,000 acre-feet less than that of the
river at Fort Quitmtua, their annual salt burden is some
21,000 tons larger.

TABLZ 1 1 .-Drains of the El Paso Valley division, Elephant
Butte project, Texas; length of drain; diacharge of water and of
dissolved solids

Discharges

Water Dissolved salts

LengthNemo (miles)
Cithie
feet per
serond

Acre-
feet per

Tons
.., g e. . ...__ons1

per

Year-
t OM

per
mile

year pm: year i iii,

Above Fabertc:
Flays_ 22.6 1.3 22. 900 2.13 43.300 2.042
Franklin 36.5 1.2 32.900 2.68 116 200 2.380
Middle rd. 3 1.2 40.400 3. 10 143.500 2.600
River 23_4 .9 13.400 3.53 59.186) 2.520
QUadrIlla 5.6 .8 5,000 1.62 8,100 944
Mesa- 20.1 .5 10.600' 3.21 34,000 1.170
Fabens intercepting 1.9

- ,=,..
1.6 2,500
aav

2.64 8.000
3•••=61.=

3,470

Net total 116.3  79,900  
ainic

251,500 2.800

Twain° and island districts:
Patens 10.7 1.1 6.500 2.50 21.100 1,900
Island_ 23.7 1.3 12,300 523 17,600 A 660
Border 9.3 .7 4,700 5.23 38,500 4.180
Alamo 20.6 .5 9,400 2.60 33.800 1.640
Teraina 78. 1 1.0 52,900

=I=

4.59 242.690 3.230

Net total 
...,..,,==

75.1  
:,...

52, 900  
3.11•Zia

242. BOO  

303.4  
=i.e..=. ....... ... ....

133.800  
====.
994,300

...=...
2,970Division total 

•

It should be emphasized that these values for dis-

charge and salt burden should be taken as only approxi-

mations of the truth. They are presented here rather to
indicate the trend of relationships than to give definite
estimates. Furthermore the comparisons between the

total drainage discharge and the discharge of the river at

Fort Quitman are not valid because some of the drains

•
join the river above Fabens, so that some of the water
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