HYDROLOGIC INVESTIGATIONS
ATLAS HA-510 (S8HEET 1 OF 4)

DEPARTMENT OF THE INTERIOR
UNITED STATES GEOLOGICAL SURVEY

' . 106° 106°
110° 104
Between the Colorado-New Mexico border and Socorro
another 1 billion acre-feet of fresh water is estimated to be 106° SURFACE-WATER DRAINAGE AND USE
| EXPLANATION sto.red in_ the fresh-wate.r aquifer of the Rio Grande vgl!ey. . The Rio Grande rises in the San Juan Mountains of
This aquifer should provide an adequate supply for municipal ALTITUDE OF THE 50 C ISOTHERMAL SURFACE i southwestern Colorado, flows southward across central New
é. gan I:uils l:)asip and indus;ri?ll %evelopment for the forseeable future in this on2|6ne7n a 38° Mexico, and across southwest and south Texas, and forms the
« SRR S segment of the basin. : e international boundary bet the United Stat d th
. A ) R d ry ween the Unite ates an &
r* - i- geleln-éxlbtiguer_glugbgsm Although a considerable amount of ground water is used EXPLANATION 'ogﬁm g Republic of Mexico from El Paso, Tex., to the Gulf of
- S S for irrigation in the Las Cruces area, most of the total P— Mexico. Elevation of Stoney Pass at the headwaters of the
- 6. La Mesa bolson irrigation-water supply is obtained from storage in Elephant 43.6 EXPLANATION river is approximately 12,500 feet. The total drainage area of
( 7. Hueco bolson Butte Reservoir when surface water is available. In the future, ' - ) : Platoro the Rio Grande at its mouth is 182,200 square miles; about
I g. Slli;llntgnran lt;osl.son more extensive use of ground water from the fresh-water unit S ekx ;f:t ug‘;l;etr:?l;e 1‘;3:"{23 60.0 Mountain Home - 89,000 square miles of the basin are within the United States.
1 : 10. Hachit:sbazixlan in the ares v i Howe\ier, this groun.d water is inter- yields of water to wells Terrace 20.1 . . ; The Pecos River (east New Mexico and west Texas) and Rio
gl 1 et connected with surface water in the reservoir, and pumpage 17.7 Discharge in cubic feet per second Conchos are the principal tributaries of the Rio Grande.
= I 12. North basin of ground water would simply represent a different discharge 1000 ——— Sanchez The amount and rate of runoff vary widely throughout the
% H }i ]SEan Augubstin Plains basin point O}f ﬂ;‘; watelt')(lConover ,}1195f41,5f).P 121). by T i dC?n;?rc - 103.2 - Rio Grande basin. Reservoirs, diversions, and substantial
o I 0 . Estancia basin n the Hueco bolson south o aso, approximately 7% Shows altitude o, isotherma Costilla ; ids in milli ; t fl dify the fl f th in stem th hout
34 102 ; ’ i Dissolved solids in milligrams per liter return flows modity the Ilows o € main stem throughou
- ‘s . , dashed wh te- grams p .
ié' JT?lrlgzrlg:adbe;sxuerto S B _acre—feet qf.fresh'\yater s 1n transient storage. How- ?‘;rflf:cci:ed.s Z:&Z"S”%‘é’é’?ﬁé :’gaog 15.7 its length, and the effects of development have reduced the
; 17. Salt basin ever, this amount is insufficient for the projected water needs Datum is mean sea level £l Wag an flow of the river at its mouth. The average annual flow of the
| 18. Upper Pecos region O.f the El Paso WS, By ‘Fhe year 2020 it is anticipated that the 4 Z s = o= 194?50 Rio Grande at El Paso (west tip of Texas), near the midpoint
19. San Juan basin city of El Paso will require 250,000 acre-feet of water per year ' : ‘ d . Basin boundary Sediment load in tons per day of the main stem, for the period 1890 to 1963 was 623,500
%(1). Delaware-Val Verde basin whigh exceeds natural recharge f{or'n rainfall. Furthermore, : acre-feet, but during the period 1951 through 1966, which
22. glg Btexluli’ln?glon continued development of the existing fresh-water resources Abiquiu generally reflects current conditions, the flow at this station
39° Bl in this area will result in the deterioration of the quality of 121.7 averaged 239,436 acre-feet annually.
the ground watgr. . y R SCALE 1:5 000 000 10.000 The concentrations of dissolved solids in the Rio Grande
Besiastass 5t B ~ Fresh water is being mined for irrigation use at the present 34° - N -~ S i generally increase downstream, the greatest changes being in
oundary of topographic subdivision time (1973) in the Pecos area of west Texas. The effect of oo bt | | - | ) 15,000 those reaches where return irrigation water contributes large
o - this withdrawal has reached the Pecos Rnfer, which is 100 0 100 200 KILOMETERS . I Cochiti (1976) quantities of dissolved minerals to the stream. Locally, trib-
Boundary of report area contaminated by natural brine that enters the river upstream; - W 602.0 / 20,000 utary streams also contribute dissolved solids to the Rio
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The Albuquerque basin has an areal extent of about 1,100
square miles. The 1—3 g/l unit generally is located between
3,000 and 7,000 feet below land surface in the sand and
gravel basin fill. These deposits are capable of yielding 1,000
GULF gpm or more to a well provided that the deep burial has not

OF drastically reduced the permeability of the sediments. As-

length. Discharge of natural brine from aquifers north of the
Texas-New Mexico line is largely responsible for inflows of
highly saline water into Red Bluff Reservoir. Except during
periods of high runoff, the flow of the Pecos River below the
reservoir consists principally of releases from the reservoir.
Since 1955, concentrations of dissolved solids in the river
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INTRODUCTION

At the present time (1973), the surface-water resources of
the Rio Grande drainage basin are fully appropriated and
insufficient to meet present needs in most of the basin.
Ground-water supplies have been extensively developed for
irrigation and for almost all municipalities. In areas of heavy
ground-water use, withdrawals often substantially exceed
annual recharge; therefore the ground water in storage is
being depleted steadily, with accompanying deterioration in
quality. Because of the increasing demands for ground water
by the 1,250,000 people of the United States part of the
basin, fundamental knowledge of both fresh and saline
ground-water resources is needed to serve as a guide for
future development.

Ground water in the Rio Grande basin can be divided into
two major quality types: fresh water which generally is near

Elsewhere 1—3 g/l saline water is present in isolated areas, as
in the Hueco bolson which contains an estimated 2 to 3
million acre-feet of this quality water, but in comparison
with the size of the Rio Grande basin, these areas are rela-
tively small. In some areas the 1—3 g/l unit is widespread but
relatively thin. The top of the 1—3 g/1 unit coincides with the
base of the fresh water or with the water table in those areas
where fresh water is not present.

The Albuquerque basin, extending about 100 miles from
the vicinity of Santa Fe to near Socorro, probably contains
large quantities of 1—3 g/l saline water. Most of the Rio
Grande valley south of Albuquerque, and in general the rest
of New Mexico within the basin, is underlain by approxi-
mately 500 feet of sediments saturated with 1—3 g/ saline
water. The unit is about 1,000 feet thick in the Tularosa
basin east of Las Cruces. Nearly all the Pecos and Rio Grande

suming a specific yield of 20 percent, the Albuquerque basin
contains about 300 million acre-feet of slightly saline water.
Development of this water probably would increase the in-
flow from storage in rocks west of the Rio Grande valley.
Any recharge derived from the north probably would im-
prove the water quality by underflow from the fresh-water
aquifers on the north, although the ultimate source of re-
charge is from the Rio Grande.

The area northwest of Brownsville is a possible prospect
for development because it is underlain by about 1,000 feet
of sand capable of yielding large quantities of slightly saline
water. According to Baker (1965, p. L-29), the sand generally
yields more than 1,000 gpm to individual wells; however,
extensive development near the coast might result in an in-
crease of salinity by encroachment of salt water from the
Gulf of Mexico.

Throughout the remainder of the Rio Grande basin, the
1-3 g/l saline unit averages less than 500 feet in thickness.
Although many areas are capable of producing large quanti-
ties of this water, such as the large area southeast of Pecos,
Tex., extensive development might result in the upward
coning of more highly mineralized water.

Both the Albuquerque basin and the southeast edge of the
San Juan basin contain about 5,000 feet of moderately saline
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immediately below Red Bluff have exceeded 7,500 mg/l
more than 50 percent of the days of flow. Runoff and
ground-water seepage from limestone aquifers in the lower
half of the Pecos basin are comparatively low in dissolved
solids; consequently, the quality of the water in the Pecos
improves near the mouth.

The waters of the Rio Grande drainage system are im-
pounded by 33 reservoirs at the present time (1973); this
includes Cochiti Reservoir, which is scheduled for completion
in 1976. These reservoirs have a total storage capacity of
about 17.5 million acre-feet of water. In the United States
4.77 thousand acre-feet are impounded in 21 reservoirs; 10
reservoirs in Mexico have a combined storage capacity of
5.14 thousand acre-feet; mutually shared reservoirs (Amistad
and International Falcon) store 7.58 thousand acre-feet.
Although most of these reservoirs are multipurpose impound-
ments, one of their most useful functions is that of settling
basins where vast quantities of suspended sediment is held.
The greatest sediment loads are contributed by the Rio
Puerco and Rio Conchos.

Most of the municipal supplies along the Rio Grande in
Texas are obtained in large part from the river. However, all
of the surface-water resources have been appropriated and
there is insufficient water to meet the projected needs of

the surface, and the more deeply buried saline water. Follow- drainage b.asins in west and south Texas is underlain by water of 3—_10 g/l dissolved solids. However, in the Albu- GULF \ these municipalities. The most critical need is in El Paso
ing the standards used by the U.S. Public Health Service slightly saline water. The greatest thickness, about 1,500 feet, querque basin, which extends for more than 100 miles be- OF el where a supplemental supply will be needed before the year
(1962), the U.S. Geological Survey has defined saline water is present south of Del Rio; northwest of Brownsville as neath the Rio Grande valley, both bolson deposits and MEXICO Reg1Bquf 2000. The city of Del Rio obtains its supply from the prolific
as water that contains more than 1,000 mg/l (milligrams per much as 1,000 feet is present. Although this unit is widely consolidated rocks at depths of more than 7,000 feet below 0:;20 San Felipe Springs which flow an estimated 30,000 gallons

liter) of dissolved solids (Krieger and others, 1957, p. 4).
Saline waters discussed in this report are classified as “slightly
saline,” ‘“‘moderately saline,” ‘“very saline,” or ‘“brine,”
according to the water-quality ranges suggested by Winslow
and Kister (1956):

For brevity the dissolved-solids content is given in this report
in terms of grams per liter (g/1) instead of milligrams per liter
(mg/1).

References to water quality pertain to the dissolved solids
of the water and not to any specific chemical constituent.
For practical purposes, the dissolved-solids content in the
range defined as saline water (greater than 1.000 milligrams
per liter, mg/l) can be considered as synonymous with the
salinity of the water and terms ‘‘salinity’” and ‘“‘dissolved
solids” are used interchangeably throughout the report.

The more common chemical constituents present in fresh-
water samples are tabulated on Sheet 1; constituents present
in saline-water samples are tabulated on Sheets 2 and 3. The
few data that were available relating to the minor elements in
the ground water of the Rio Grande basin are also tabulated
on Sheet I.

Electric logs of deep exploratory test holes were used as
much as possible to facilitate regional correlations of the
various rock units and to estimate the relative salinity of the
water in the subsurface as shown on Sheet 4. Bottom-hole
temperatures were used to extrapolate the temperature of the
formation water at various depths; temperatures listed in the

distributed in the lower Pecos River area, in general the
thickness does not exceed 500 feet.

Yield from the aquifers containing 1—3 g/l saline water are
dependent primarily on the aquifer permeability and second-
arily on the thickness. Most sand and gravel aquifers in the

and limestone which are capable of yielding more than 500
gpm to a well. Although the yields from individual wells are
variable, the significant thickness of the aquifers account for
large yields. Farther south, on the coastal plain, nearly all the
sand aquifers are capable of yielding from 25 to more than
1,000 gpm, depending on the thickness of the water-quality
unit.

Most of the 1—3 g/l saline water has a temperature of less
than 50°C. The only major exception is in the San Luis
Valley where this unit is deep seated and has a minimum
temperature of approximately 100°C.

3-10 GRAMS PER LITER SALINE-WATER UNIT

Water of 3—10 g/l salinity is widespread throughout much
of the Rio Grande basin; however, with few exceptions, the
unit is relatively thin because it represents a rather sharp
transition zone between the low-salinity water above and
highly mineralized water below. Water of 3—10 g/ salinity is
found in the deepest part of the San Luis basin and in most
of New Mexico south of 36° latitude. In Texas, the unit is
thin or absent in most places.

The yield of wells tapping the 3—10 g/1 unit is difficult to
predict because few pumping-test data are available. In the

land surface contain water of this salinity. Assuming that the
specific yield of these combined aquifer types is 10 percent,
about 32 million acre-feet of 3—10 g/l water is in transient
storage in the Albuquerque basin. It is possible that wells
completed at depths of 7,000 to 12,000 feet would yield
about 500 gpm. Extensive development of the water from

sandstones dip northwestward and conduct ground water out
of the Rio Grande drainage basin. Extensive development
undoubtedly would result in the inflow of ground water from
outside the study area. Because of the large volume of moder-
ately saline water in the San Juan basin, the water quality
probably would not deteriorate and might be freshened by
recharge from the San Juan River.

The upper Pecos region contains significant amounts of
moderately saline water, most of which is in limestone having
yields in excess of 500 gpm. More than 4,000 square miles of
the basin is underlain by 1,000 feet or more of this water
quality. Near Pecos, Tex., the 3—10 g/1 unit occupies more
than 2,000 feet of rocks that are extremely variable in lithol-
ogy. In general, the limestone may be capable of yielding 500
gpm or more to a well, but much of the sequence is com-
posed of low-yielding siltstone and shale and their distri-
bution is not well known. Consequently estimates of yield
are not justified by the amount of information currently
available.

The Capitan reef complex extends from Carlsbad, N. Mex.,
to beyond the Pecos River in Texas. The highly permeable
reef limestone is capable of yielding large quantities of water,
and it acts as a permeable conduit enclosed in less permeable
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geologic units which contain water of similar chemical
quality. Thus, two or more aquifers may be within a given
water unit, as in the Pecos River basin and on the coastal
plain. In the middle and upper Rio Grande valley, a single

fresh water; the change in rock type and depth of burial have
been taken into consideration.
Hale and others (1965, p. 43) report that if a properly

quantities of petroleum have been produced in the area and
various oil companies have initiated water-flooding opera-
tions with water obtained from the reef. Extensive develop-
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per minute; this is more than adequate to supply the city
with water for the foreseeable future. Laredo depends solely
upon water from the Rio Grande, and the current projections
for water use cannot be met by supplies from the Rio
Grande. Most of the municipalities in the lower Rio Grande
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The greatest thickness of the fresh-water aquifer is present 5 ik 3 Office of Saline Water in Roswell in 1962. Feed water for the Texas, in Reconnaissance investigation of the ground-water Hogan, C. S., and Sipes, L. D., Jr., 1966, Rock properties of Sampling Tem- ! as CaCO conduct-
. e . ) ning occurs near the gulf, the unit is more than 8,000 feet oy i ) ; g er > ) g 2 e B i, ! 4 — o Cal- |Magne-| So- Potas-| Bicar- | Car- | Sul- |Chlo- [Fiuo-| Ni- | Dis- 3
in the San Luis structural basin of Colorado. Throughout this Bk whoos ok h of th Rio Grande basi plant is supplied by wells that produce about 500 gpm each resources of the Rio Grande basin, Texas: Texas Water Permian Basin formations, in Oil and gas fields in West mple | depth or | Date of | per- | Silica [Iron | © . E ‘ ' ; : ance |
entire: basin the water table ‘sererally s lese than 17 fect thick throughout much of the lower Rio Grande basin. from a desth of less than 600 foet. Th s — number | source | collection [ature |(SiO.)| (Fe) | GiUM | sium dium sium | bonate |bonate| fate | ride |ride | trate |solved| ... Now- | (aiose- | P .
below the land surface. The degepestaplyodilcfns; w;hn which is Ehe yickl from wellh P roducing i saline water AREg salinity Ofp18 g/l ' o WaTerThas an avetage Bagom?{l‘ guu. 6(15(]))2’1 3401.) 'C 1961. Ground-water resources ge)l(gsT]SYmposmm- Woat Texas Goul. Soo. T 66-52’ Areas underlain by 500 or more (feet) ‘o : (Ca) | Ol | (M) &) [{Bcag 0y 80| 15 | 1F) | (NQ,) | salide magne- carbon-| mhos at Area underlain y thick evaporite
. , : . er, R. C., and Dale, O.C., y 5 .15-17. : 0 " ° . h
north of Alamosa, yields water containing 347 mg/I dissolved foam less Yhiam, 25 So mimee fhan 300 gpes. Mok of fie piolils In the Jornada del Muerto-Estancia basin complex the of the lower Rio Grande Valley area, Texas: Texas Board Hood, J. W., 1963, Saline ground water in the Roswell basin COLORADO feet of aquifer containing fresh sum W | a8 COLORADO deposits. Water of better quality
. . i from the San Juan-Albuquerque basins are between 100 and ! . ; > ’ ’ > a £ ’ NEW MEXIC water NEW MEXICO generally present below
solids from a depth of 4,200 feet. Estimates indicate that as 500 gpm depending upon the thickness of the unit. As the 10—35 g/l unit has an average thickness of 4,000 feet and Water Engineers Bull. 6014, v. 1 and 2,417 p. Chaves and Eddy Counties, New Mexico, 1958—59: U.S. 2D 1 234 | 6-30—48| 13| 61 |..... 12 | L7 [ 70 G | 1) [— 41| 30| 18| 02| 259 - 0| 337 |....
: : 2 . —3-47| 12| 558|119 | 14 | 11 | 84| - 0
much as 9,900 fpet of sediments may contain fresh water in 10—35 g/l water occupies thick alluvial deposits in ' the extends. from r}ear.land surface to the. basement comple;g. Baltz, E. H., Jr., and West, S. W., 1967, Geology and g_rou{ld- Geol. Survey Watqr-Supply Paper 1539-M, 46 p. g 197 1; 2:74 :7 ‘1‘3 132 _____ 132 i.g ______ 11 12; 22 15[l ;zg 54 ... 0| 146 |.._.
the San Luis basin (P. A. Emery, oral commun., 1968). i " d The major aquifer is composed of relatively permeable sedi- water resources of the southern part of the Jicarilla Hood, J. W., and Kister, L. R., 1960, Saline-water resources 4,200 | 3-27-46| 47| 120 2| 2D ... 91 24 TR U] p—" 1 J— 0| 397 |....
3 . Jornada del Muerto-Estancia basins, as much as 500 gpm may : . . . 2 3 : i ; . . 4 25| 5- 8-46| 11| 56 28 | 9.2 283 608 139 |50 | 3.9 1| 869 108 ----- 0| 1,310
!n northern New Mexico the thickness of thg fresh-wate?r be available to wells, Most of the wells in the upper Pecos ment. Well yields of as much as 500 gpm probably could be Apache Indian Reservation and adjacent areas, New Mex- of New Mexico: U.S. Geol. Survey Water-Supply Paper Igneous and uplifted sedimentary p ol 11l sl 1 | a3 [T a4 el " y8l 3 5! o | 1% 50 s - Igneous and uplifted sedimentary
unit probably is less than that of the bordering San Luis region probably would produce approximately 500 gpm from obtained from this unit. Extensive development probably ico: U.S. Geol. Survey Water-Supply Paper 1576-H, 89 p. 1601, 67 p. rocks that generally have low 6 15 | 8-14-46| 3139 |12 |77 168 198 100 h30 | 15| 656 147 46| 1,060 | rocks that generally have low
basin; ) however, t_hlck sequences of lava have restricted sandstone and limestone, however there probably would be would have little efffeCt on the water quality in the Jornada Bjorklund, L.J., and Maxwell, B. W., 1961, Availability of Kelly, T. E., Myers, B. N., and Hershey, L. A., 1970, Saline FPSRE I 7 365 | 1=12=56 | oo | coeee | eeee 15 | 62 | .eeenns 1.6 101 ol 11 |15 3| 1.0] 144 63 ceses miiroom 186 [8.0 yields of water to wells
extensive exploration for water in that area. Fresh water condderabis varlaticn ;Iiel ds throughout the basin. Most of del Muerto-Estancia basins because of the large volume of ground water in the Albuquerque area, Bernalillo and ground-water resources of the Rio Grande drainage Rl 8 90 | 3-11-64 | ____. 20 (0.05| 86 |27 | ...... 31 251 0| 64 |45 2| 73 | 486 < .7 — 122 751 (7.1 \ J8
extends to a depth of 3,500 feet in the Albuquerque basin. the rocks in the Delawate basin would yiekl between 100 and saline water presently in storage. Any water-quality change Sandoval Counties, New Mexico: New Mexico State basin—a pilot study: U.S. Dept. Interior, Office of Saline Collection point 1(9) 1’;98 1?:;2:32 o il i 8§'9 5'; """ 626 B iig . 23'9 13 4'(1) ;; §§§ 23t1; """""" ZZZ . Collection point
From.Socorro squth to El Paso the valley _of the Rio Grande 500 gpm from the 10—35 g/l unit but less than 25 gpm that might occur probably would be a reduction in dissolved Engineer Tech. Rept. 21, 117 p. Water Research and Devel. Prog. Rept. No. 560, 71 p. Number corresponds to sample 1 325 2-27-65 | |7 311 04l a8 | 90 | 6 158l ol 66 | 36 6l 78| 330 157 . 28| 519 |76 ) Number corresponds to sample
contains approxma?ely 1,000 feet of sediments that gener- would be available to wells near the boundary of this area. solids by invasion of the aquifer by less mineralized water Brown, J.B., Rogers, L.T., and Baker, B.B., 1965, Knowles, D. B., and Kennedy, R. A., 1958, Ground-water number in table 12 290 | 3-26-63| 16| 23| 10|70 |22 T 3 244 ol 90 96| 4| 74| 317 264 ... 64 | 564 |74 \ number in table
ally are saturated with fresh water. The fresh-water aquifer is Because of the great thickness of the unit south of Del Rio from adjoining areas. Reconnaissance investigation of the ground-water re- resources of the Hueco bolson northeast of El Paso, Texas: TR 13 430 | 3-15-62 | --o- 17| 06 118 |16 | ...... 16 205| o211 | 58| 2| 6| 498| 362 ... 194 | 694 |7.4
of negligible extent and thickness in the Pecos River drainage : ’ The Tularosa basin stands out as a possible prospect for sources of the middle Rio Grande basin, Texas, in U.S. Geol. Survey Water-Supply Paper 1426, 186 p. ) 14 1,186 | 4— 6—65| 31| 42| .02| 1.1 A 112 154 19| 69 87| 1.0| 64| 332 5 e 0| 495 (9.1 - ==
b . o . deep WellS pI’Obably W0u1d YICld as much as 500 gpm. . o ® . . . . . . . 2 = BaSln bOundaI’y 3 3 l 6 0 26 1 0 3 492 8 0 Basin boundar
asin and also in the closed bz?sms of south-central New The temperature of most of the 10—35 g/l water is be- development of brine for municipal or industrial purposes. In Reconnaissance investigation of the ground-water re- Krieger, R. A., Hatchett, J. L., and Poole, J. L., 1957, Prelim- 15 519 | 3- 2-65 | ..... 29 'gl 53 13 . 103 3;’)8 0 ;gs as | 29 3'3 997 133 weese 8 MM 16 y
Mexico and_ west T@f@& except m.the upper reaches of the tween 100° and 150°C, as in the San Juan-Albuquerque this area there is presently a serious shortage of potable sources of the Rio Grande basin, Texas: Texas Water inary survey of the saline-water resources of the United ;g %gg 2:1;:% . ;3 31| 40 22 g §= 232 146 ‘2’ 54 116 5 1 262 ff? """ 8 1’332 8.3
Pecos and in the vicinity of the city of Pecos, Tex., where basins and in the lower Rio Grande drainage area south of water. Brine occurs at depths of less than 200 feet. The Comm. Bull. 6502, 80 p. . . States: U.S. Geol. Survey Water-Supply Paper 1374, 172 p. 18 140 | 9-13-61| 19| 25| 21(177 |28 | 68 157 0l424 | 92 | 2| 31| 937| 555 .. 426 1260 |7.4
supplies sufficient for irrigation have been developed. Fresh Del Rio. Where this water-quality unit is present at shallow bolson fill that contains the brine is capable of yielding more Conover, C. S., 1954, Ground-water condltlops in the Rincon Lonsdale, J. T., and Day, J. R., 1937, Geology and ground- 19 410 |10-16-45| 27| 19| 07l 67 |12 | ____ 113 1221 52 (216 9 6| sa1 216 ... 116 | 1,030 |....
water extends to a depth of 100 to 500 feet in most of the il " than 500 gpm to a well. Elsewhere in the Rio Grande basin, and Mesilla Valleys and adjacent areas in New Mexico: water resources of Webb County, Texas: U.S. Geol. Survey 20 1,150 | 3— 8-62| 23| 14| .00(188 |44 | ... 94 . 230 0(435 |16 | 10| 22| 875 648 ... 460 | 1,130 |7.3
. . depths, as in the Tularosa, Roswell, and Delaware basins, the . o . : )
alluvial aquifers downstream from the mouth of the Pecos. average fempersture i fess than SO°C brine could be utilized for the production of minor elements U.S. Geol. Survey Water-Supply Paper 1230, 200 p. Water-Supply Paper 778, 104 p. : g; 682 6— 9-65| 23| 27 -f: ff 20 o e 79 = ;if 8 137 1(5)8 6'8 '(5) igg 222 e 113 803 g'g
. . ) . . . . . 895 | 7— 3-53|----- 14| . 0O (136 o 2 48 J S| 402 | cccoecee 4T e 670 |8.
North of Laredo, Tex.,. the Carrizo Sand contains nearly as well as for repressuring oil and gas fields which have been Cooper, J. B., and John, E.C., 1968, Geology _and Maddox, G. E., 1969, Geology and hydrology of the Roswell e 1366 | 11663 | | e |24 o e r{ oles | 11 s| ss| 33 e 76| sss |74
1,000 feet of fresh water; however, yields from this aquifer in BRINE UNIT depleted. ground-water resources in southeastern McKinley artesian basin, New Mexico: Unpub. Ph. D. dissert., Univ. 24 310 | 5-11-65 | ----- 36|17 | 90| 3.0 [..... 269 424 0(174 |51 | 7.0 6| 778 35 e 0| 1,180 (82
the Rio Grande valley are low. Water havin i i County, New Mexico: New Mexico State Engineer Ari T 141 o il B il V-l 8 - , £
g more than 35 g/l dissolved solids, here WITH zona, lucson, p. 25 52| 2-16-53 38 | -eee- 27 98 |.oo... 130 193 0|97 |8 |12 43| 492 |.oeeeoo.. 108 —ooeee- 808 |7.
Most of the fresh-water aquifers in the Rio Grande basin termed brine, underlies southeastern and south-central New PR ASSOCIA - — 9F SALIN.E el WATEI.( Tech. Rept. 35, 108 p. Mason, C. C., 1960, Geology and ground-water resources of 26 168 | 9-24-48 | ..... 23 | v 30 (10 |- 291 170 | ceeee. 107 |352 | ... 2.5| 913 116 1,650 |-
are composed of unconsolidated sand and gravel. Yields from Mexico and most of the study area in Texas. Although there Three major problems are associated with the use of saline Dale, O.C., and George, W.O., 1954, Ground-water re- Dimmit County, Texas: Texas Board Water Engineers Bull. g; gg: ‘;-;i—gé ----- 11’2 ----- lgg 2? = 137 = ;(1)‘;' ------- ;gg 1‘:2 ----- ; g?g ---------- gg ------- 1 Z% 173;”
wells in this aquifer range from about 5 gpm to 4,000 gpm. are local exceptions, in most areas the brine is deeply buried, OB W 1he Rio (heande batin: (1) te silect on fhe pumeces o Chan Cooaty, Teas: Texs Boaxd Wator 6003, 234 p. 29 1ss |10-24-s6| | 26| |38 |s9 | T3 | Tas|Ti[es |15 || sl 220 119 350 8.1
lrrlgatioanellleIn the San LuleVﬁlley c;?mrl?onlybywldeOg extremely thick, and extends from the 35 g/l isosaline surface 2::;31’ (f;‘;sgl::g:l 2‘}“:{136’5%‘:::3;30 dbigtssaélt{‘g;’;tt":’ g““ﬂ; b E,nglﬁe"gs Bug 5203;63 L ana , e McLean, J.S., 1970, Saline ground-water resources of 30 120 {12-20-54 | ... 70| [113 |38 [ 98 216 | coreeee 347 |75 | 10| 42| 8% 438 1,180 |8.0
gpm. In New Mexico, most of the wells that obtain fres to the basement rocks. The water in this unit ranges from > v hos g, an avis, M. E., an ggat, b. K., , Reconnaissance investi- the Tularosa basin, New Mexico: U.S. Dept. Interior, 31 100 {11-17—-54 | ----- 79| -..-- 60 |11 |..... 37 20— 23 |58 |28 38| 390 |cecoeeee- 194 - 562 |7.7
water from alluvial or valley-fill deposits yield 25 to 100 35 g/l to more than 300 g/1. (?;)t;lhe liflfk tOf l}yfirolotglc dat?t }(1)(;1 Wh;lclfl to basf predlcittgons gation of the ground-water resources of the upper Rio Office of Saline Water Research and Devel. Prog. 32 86 (10— 540 |woon | ccooee | oo 88 [21 | 125 382 | oeon. 170 gg ..... g.s (213 p— £\ J— 838 |----
gpm, but wells producing 100 to 500 gpm are common. The brine unit has a thickness of 22,000 feet in the Dela- of the eiiects of long-term withdrawal irom saline aquifers. Grande basin, Texas: Texas Water Comm. Bull. 6502, pt. Rept. No. 561, 128 p. gi 106 3—;1—2(1) i 113‘; 3;4 ------ IB ggg ------- 12(6) S il 120 ggz 3:; 2;(2) i
Several of the Albuquerque municipal wells produce more ware basin and a probable thickness of more than 30,000 feet Fresh-water aquifers could be affected both favorably. and 1,99p. o . Mourant, W. A., and Shomaker, J. W., 1968, Water resources - 1,2(3)8 e LT BT e i ol B - - Bl B0 B el s B - b
than 1,000 gpm. o on the coastal plain. This thickness is due in part to the great adversely by removal of saline water from nearby aquifers. Dinwiddie, G. A., 1963, Municipal water supplies and uses, and geology of De Baca County, New Mexico: New Mex- 36 ses| s 37l | |~ 20 |14 |7 72 29| 28 |25 | 50| 280 232 473 |
Yields ?lllS greatthas f’O?OEIgI;’m ha}’re beTn measured in ur;; depth to basement rocks, which are about 26,000 feet in Pu_;“hlimg saline v:gter t;r‘t);ln fbels‘;:athta tfresh-;v:«:;er aqulfe; 'SI?uglel:Stemzé‘f:WMLgemOi New Mexico State Engineer ico Inst. Mining and Technology, State Bur. Mines and \__\ 37 643 | 1-23-50] ... 20| ... 63 (23 |15 . 31| 234 ... 47 |23 | 6| 22 | 346 252 540 |77 ~
gation wells southeast of El Paso. Two large areas in sout maximum depth in the Delaware basin. The rocks dip south- might cause migration o1 the Iresh water toward the pumpe ech. Rept. ) p. Mineral Resources Div. Ground-Water Rept. 10, 87 p. 38 570 | 7-26-60 | -.... 18 | s 49 |30 | 9.4 238 | .o--- 20 [ 20 |3.0| 18 |7284| ... 246 ... 499 (7.0
Texas produce fresh water; most of the production is from ward toward ?he coastal plain. In general, the top of tﬁe brine area, but might also induce recharge of fresh water by diver- 1964, Municipal water supplies and uses, north- Murray, C.R., 1959, Ground-water conditions in the non- '\ 39 650 [ 8— 1-39| oo | ceeee | oo 74 (10 | ... 11 ;T [— 11 (16 | 4[>20 | 251|....... p) J - ; \
alluvium that yields between 200 and 2,500 gpm to wells unit is more than 4,000 feet deep except in the Tularosa and sion of surface water. Thus, more fresh ground water would eastern New Mexico: New Mexico State Engineer Tech. thermal artesian-water basin south of Hot Springs, Sierra 40 17 7-31-39 | come | coneee | eoeee 68 | 7 | 21 IR | oo LA e 60 | 281 200 \
(Brown and others, 1965, p. M-43). More than 1,000 feet of Delaware basins. be available at the expense of the surface water. This condi- Rept. 29B, 64 p. County, New Mexico: New Mexico State Engineer Tech. ! g gtllg 1;—2213—‘;2 ..... 28 o 1;2 ;(1) e lgg ;:7;; ...... . 2?9; i;g = 3;.2 23 ;312; 1,590 |8.2 '
fresh water occurs in the area north of Laredo. In the Yields of wells producing from the brine unit are extreme- tion could occur in the Rio Grande valley where, by pumping ———1967, Water resources and geology of Guadalupe Rept. 10, 33 p. : 43 200 [10-25-50 | .| 78 || 60 | 99 |0 sa 304 | ... 17 |22 || 13 | a18 190 621 [8.1 )
Brownsville area the yields are variable; the production ranges ly difficult to estimate because most of the data on the brine saline ground water, the water table beneath the river would County, New Mexico: U.S. Geol. Survey open-file report, Nicholson, Alexander, Jr., and Clebsch, A. J., 1961, Geology / 44 71 {10-31-50 | -.... 52 | ... 28 | 42 | 223 .| 489 ... 49 |58 | 47 | 702 .. 88 ... 1,080 |8.4 /
st bt o W icket ThikRs, e cbauied dom low il o ol ol i il Feelty | (IR © e e Tet. . Dipdlhin. E&, Woohee Wok. sl S, L e B M Tt Mkt sl Tacih ease %% “ | Bloaa|| Blzle | [T 0 | TS | 28] S| e o] e (e 3
yields may exceed 1, gpm. ' - production is from consolidated rocks and such we]}s pro- gt peerie 'e i thscla’ S e ° b ’M - Ay “ 2;11 s A li" an ’ asler, J. Ii’ Mex1co:. New Mex1c9 Inst. Mining and Technology, State ’Q ’ L> e Rl oo =l bl w2 |3 | b a2l T 142 | 82 | 2 72| T 398 .. 1120 |78 %, !7
Nearly all the fresh water in the Rio Grande basin has a duce less than 25 gpm unless the well was completed in frac- B ge, ) asin, the over a, unicipal water supplies and uses, nprt - Bur. Mines and Mineral Resources Div. Ground-Water ) 2, o : . : s
temperature less than 50°C. The only knqwn exception is in tured limestone. The Tularosa basin, where the brine occurs ;ylng fresh water would be drawn into the saline-water aqui- western New Mexico: New Mexico State Engineer Rept. 6, 120 p. o, Note: X)at:.l:seizre :‘:‘::;::r e(r;:z:;ﬁ ::;zs;:::tgl(y)‘are combined /Ooé”l«:
the San Luis Valley where an oil test drilled to a depth of at shallow depths, is an exception (McLean, 1970, p. 26). In er‘;’vh:re ds_ome sanlu;(mg mlg?tﬂ?ccur.. s e e Tech. llgept- 29C, 197 p. . Ogilbee, William, Wesselman, J.B., and Irelan, Burdge, i Qr] ‘P]
10,344 feetohaq a bottom-hole temperature of 113°C. In that this basin wells probably could produce more than 500 gpm PR NS 1 G OF TAD B PORISIG. TN GoNete- ——1966b, Municipal water supplies and uses, south- 1962, Geology and ground-water resources of Reeves ] !
;vell the 50°C 1sothelrm3a10 suorface is at a depth of about 4,500 and would have a temperature of less than 50°C in the shal- ﬁlnf;nszlttlﬂf ﬁi?hizssgsnrge(}\lltl::tfésgﬁi :ﬁz ;Zssglr,;ﬁ;\:v?égg geSttefgggeg8MeX1003 New Mexico State Engineer Tech. County, Texas, v. 1 and v. 2: Texas Water Comm. \ ‘\
eet, or approximately 3,000 feet above sea level. low part; the more deeply buried brines would have temper- - i ] ! ept. » 76 P. Bull. 6214, 436 p. 41 ‘
In general, the regional hydrology of the fresh-water unit is atures exceeding 150°CP Y ) water. Therefore, the problems associated with brine disposal Doty, G. C., 1969, Availability of ground water near Arena, Powell, W. J., 1958, Ground-water resources of the San Luis % Minor elements and related physical measurements of water in the basin A
rather simple. Most of the water is derived from precipitation Parts of New Mexico and Texas are underlain by a thick may differ at each plant site. In the Rio Grande basin, dispo- Luna County, New Mexico: U.S. Geol. Survey open-file Valley, Colorado: U.S. Geol. Survey Water-Supply Paper k’\\ [Analyses in milligrams per liter except as indicated] V‘\
_t&gt fallst in the highland ;re;s of Coll)orado and I\:lew Mlexicod. sequence of evapori:ies, S}lllch fas halite, gypos(1)181% and anhydrite f::ngagléetggréie(;ﬁ?:; zz :lirtr;,ajpc;l"3 gilodlllgrg tllfetrhs s\écsblume were 5 refporté 2111 p. e Tkith k. P . . S 1379‘&21%4 p. S ” 1045, G Lot \ \
is water moves toward the nearby stream channels an which is present at depths of less than 4, eet below land : ¢ g . urior, L. IN., and becker, Ldith, » fublic water supplies ayre, A. N., and Livingston, Penn, , round-water re- 5 o
enters the Rio Grande drainage system or is lost by evapo- surface. Where these evaporites are present, the 35 g/l iso- Seven areas in the Rio Grande region probably have a of the 100 largest cities in the United States, 1962: U.S. sources of the El Paso area, Texas: U.S. Geol. Survey Y , . - x § 2 . . " \
transpiration. Some of this water moves downward to the saline surface coincides with the top of these evaporites. good potential for desalting—the Albuquerque basin, the Geol. Survey Water-Supply Paper 1812, 364 p. Water-Supply Paper 919, 190 p. = 42 s Sample (Sizm::l:f Date of ~ | & 9 £ E 2 leg_|=~|8 B | E E_ |8 £ - 5 ~| € |2 | 5 - R U 08°
water table, then laterally through the aquifers; Emery and Water samples from limestones interbedded with the evap- Rio Grande valley near Del Rio, the lower Rio Grande valley, Eby, J.B., 1943, Oil and gas in Jackson County, Texas, Smith, R. E., 1957, Geology and ground-water resources of N \ o number e collection| $2 |ES| §2 |8 |28 | B8 (58|23 28|88 §§, 2ol 2| E3| 28 —%é $2 | 5c|38|28|58| .5 |58 5E |85 ¢ SIS \
others (1971, pl. 1) estimate that about 55,000 acre-feet of orites contain more than 300 g/l dissolved solids, with the Jornada del Muerto-Estancia basin, the Tularosa basin, Houston: Oil Weekly, v. III, no. 4 (Sept.), p. 20, 22-26. Torrance County, New Mexico: New Mexico Inst. Mining S ] (feet) a2 <T|RT|I&T|RT &8 |ST|ET|oT |27 &7 |5 ST | =T |27 |ET| AT |&7 < |E |a | B |8 S 3 & 3
fresh ground water flows southward from the San Luis basin sodium and chloride being the principal ions. the east edge of the San Juan structural basin, and the Ros- Emery, P. A., 1970, Electric analog model evaluation of a and Technology, State Bur. Mines and Mineral Resources \% 42 o RN s
i g . : — well area. The first five of these areas are underlain by saline i - iv. Ground- g e GULF 1 |Rio Grande TGN R [— Y I RREN WY R - — LY R SIS RS PR PRSUERITY PRSI PR [RE—— poo— - QNN (ENNEIN PRUNG (REISER, o) premhey - Q) RS- o - i
to New Mexico each year. Water below the evaporite sequence is much less miner — wipdy 'h e water-salvage plan, San Luis Valley, south-central Colo Div. Ground-Water Rept. 5, 186 p. 44 46 o Sabow Oty or
Water-level data indicate that the fresh water in the vicin- alized, generally containing less than 100 g/l. Production of water that occupies thick sequences of fine to coarse clastics rado: Colorado Water Conserv. Board Circ. 14, 11 p. Spiegel, Zane, 1955, Geology and ground-water resources of . \ elow Cochiti \
: : : : ; : i isti i i . ’ 1 ; ’ . . \ MEXICO 2 |cC t 7-26- ¥ (X 006 021 | 0 | cooeee|ooeee 0 0.005 | 0.003 | ._._. 0.023 | 0.025 | <0.003 | 0.003 | 0.003| 0 |0.0040.004 | ------ 0 |0.33[<0.003/0.021| 0 214 MEXICO
ity of Pecos, Tex., is moving toward areas of heavy pumping this water would be extremely difficult. The base of the evap- h}i“’mg d}Stht }éYdeOIOgllc boundaries. The other two areas, Emery, P. A., Boettcher, A.J., Snipes, R.J., and McIntyre, northeastern Socorro County, New Mexico: New Mexico * L% S\ o 3 °m§:s’° 1_13_2; <2_8383, 064l 10| 21l o || 0 001| .004| . 044| 026/ 0 007 |<006| 0 | 009 .019] ...... o |120] <002|<019]| © 455 — 26°
for irrigation. Originally most of this ground water drained orite sequence is more than 6,000 feet below land surface the San uan an .03‘}’3! areas, have sahpe-water agulfers n H.J., Jr., 1971, Hydrology of the San Luis Valley, south- Inst. Mining and Technology, State Bur. Mines and Mineral Sl 4 | Pecos River 10— 769 e, A5 | 0092 25| .073[<0.001 | ceceee | coeee <.003 | <.001 | <.01 | ____. <.02 | .063| .04 | .005| .004 |-..... <.002(<.023|<0.02|<0.07 7.6 | <.002|..._.. <0.022| 4,530
into the Pecos River and was discharged to streamflow and locally so that producing wells would have to exceed this stratified rocks having indistinct hydrologic boundaries. . central Colorado: U.S. Geol. Survey Hydrol. Inv. Atlas _Resources Div. Ground-Water Rept. 4, 99 p. . near Artesia
evapotranspiration. The fresh water in the lower Texas part depth. Also, permeabilities are low for most of the consol- flt';I genetfaliidla;a aée nl°t a"aﬂablfe f(l)ir adeqt}?te ‘?Valll:atfl{ffn “HA-381. Titus, F. B., Jr., 1963, Geology and ground-water conditions SCALE 1:5 000 000 Z giz‘s’ — 13:2‘7‘:23 e i74 =1 i i e i 2 pre promerd Jopend o e b=t sl s 7 v~ il el Iy e SCALE 1:5 000 000
of the basin flows downdip where the water interfingers with idated rocks from which production would be obtained 01 the potohual lor deve opment o saline aqui ersint e Kio Fiedler, A. G., and Nye, S. S., 1933, Geology and ground- in eastern Valencia County, New Mexico: New Mexico 100 o 100 200 MILES ses Bad Mlutt ’ = ’ R e et e | | B il el NG [ ’ ’ Lt i | Lo (i ’ g e i i 100 ) 100 200 MILES
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