TEXAS WATER DEVELOPMENT BOARD

REPORT 1563

DEVELOPMENT OF GROUND WATER IN THE

EL PASO DISTRICT, TEXAS, 1963-70

By

Walter R. Meyer and John D. Gordon
United States Geological Survey

This report was prepared by the U.S. Geological Survey under cooperative
agreement with the Texas Water Development Board and the city of El Paso.

August 1972



TEXAS WATER DEVELOPMENT BOARD

W. E. Tinsley, Chairman Marvin Shurbet, Vice Chairman
Robert B. Gilmore John H. McCoy
Milton T. Potts Carl Illig

Harry P. Burleigh, Executive Director

Authorization for use or reproduction of any original material contained in
this publication, i.e., not obtained from other sources, is freely granted. The Board
would appreciate acknowledgement.

Published and distributed
by the
Texas Water Development Board
Post Office Box 13087
Austin, Texas 78711



TABLE OF CONTENTS

ABSTRACT o oot e e
INTRODUCTION . o e e e e
Location and Extent 0f the Area. . ... .. ... v
Purpose and Scope of the INVestigation . ... ... ...t
Previous INVESTIGATIONS . . . .. oottt et e e
GROUND-WATER DEVELOPMENT AND PUMPAGE .. ... ... ... ... oo
FLUCTUATIONS OF WATER LEVELS . ... ... e
MIESE ATEA - o o oo e e e e e e e e e e

City AFTESIAN ATBE . . ..\ o ot e e st e e e e e
Upper and Lower Valley ArBaS .. ... ... e oo m et
SIGNIFICANCE OF WATER-LEVEL CHANGES . .. .. ... . e e
GROUND-WATER AVAILABILITY .
WATER QUALITY oottt e e e e e e et e e e
SURFACE-WATER SUPPLY . .. . ittt
FUTURE DEVELOPMENT . ..ttt et e et e
REFERENGCES CITED . . .. ittt ittt i e e et et e e

TABLES

1. Average Daily Pumpage of Ground Water for Public Supply, 1963-69 .. ........ ...
2. Average Daily Pumpage of Ground Water for Industry, 196369 . ... s
3; Average Daily Pumpage of Ground Water for Irrigation, T1963-69 . ...
4. Average Total Daily Pumpage of Ground Water, 1063-B0 . ..
5.  Summary of Water Budget for the Lower Valley Area During 1969 ....... .. ... .. i
6. Chemical Analyses of Water From Wells in the El Paso District, 1963-70 .. ... ... ... .. . e
7 Records of Wells Drilled in the El Paso District, Texas, 1963-70 . .. ...... ... ..o e e

13

13

13

21

27

29

29

37



10.

11.

12.

13.

14.

15.

16.

17.

TABLE OF CONTENT (Cont'd.)

FIGURES

Graph Showing Estimated Average Daily Pumpage From Deep Wells, 1906-69 .......

Hydrographs of Selected Observation Wells in the Mesa and City Artesian Areas ... ..............

Map Showing the Approximate Declines in Water Levels in the Mesa and

City Artesian Areas, 1963-70 . .. .. ... ...

Map Showing the Approximate Altitude of Water Levels in the Mesa and

City Artesian Areas, January 1970 . . . .. .. e

Graph Showing Relation of Pumpage to Depth of Water in Well V-42

inthe Airport Well Field . . .. ... .. . e

Graph Showing Relation of Pumpage to Depth of Water in Well R-62

in the Nevins Well Field .. .. ... .. ..

Map Showing the Approximate Declines in Water Levels in the Mesa and

City Artesian Areas, 1903-70 . . . . . ..

Map Showing the Approximate Altitude of Water Levels in the Hueco Bolson, 1903 . ..

Hydrographs of Observation Wells Maintained by the International Boundary and

Water Commission in the Chamizal Zone .. ... ... ... ... ... ... ... ... .....
Hydrographs of Selected Wells in the Alluvium of the Upper and Lower Valley Areas . .

Hydrographs of Three Wells in the Canutillo Well Field .. ........ ... .. ... ........

Map Showing Approximate Saturated Thickness of Deposits Containing Fresh

Water in the Hueco BoISOn . . ... ..

Graphs Showing Chloride Content of Water From Selected Wells in the El Paso District

Map Showing Locations of Selected Wells, Depth, and Dissolved-Solids Contents of the

Water in the Upper Valley Area . ... .. ... ... . e e

Map Showing Locations of Selected Wells, Depth, and Dissolved-Solids Contents of the

Water in the Lower Valley Area ... ... . ... ... e

Graph Showing Average Daily Diversions of Water From the Rio Grande for Municipal Use ........

Map Showing Principal Areas of Ground-Water Development and Locations of

Selected Wells in the El Paso District . ... .. .. ... . e,

Page

11

14

15

17

19

21
22

23

25

29

31

33

35

51



DEVELOPMENT OF GROUND WATER IN THE
EL PASO DISTRICT, TEXAS, 1963-70

Walter R. Meyer and John D. Gordon
United States Geological Survey

ABSTRACT

Development of ground water in the El Paso
district continued to increase from 1963 to 1970, but at
a less rapid rate than in previous years. During this
period, 82 wells were drilled for the following uses:
Twenty-eight for municipal supply; five for industry;
one for La Tuna Prison; one for Chamizal Park; seven for
irrigation; one for domestic supply and stock; and 39 for
observation of water levels and water quality. In 1963
the pumpage from deep wells was 78.3 mgd (million
gallons per day); pumpage in 1969 was 90.2 mgd. The
amount of water pumped for irrigation from deep and
shallow wells ranged from 159.3 mgd in 1964 to 14.3
mgd in 1969. The amount of ground water pumped for
irrigation depends in part upon the availability of
surface-water supplies.

The increased pumpage of ground water has been
accomplished by expansion of the existing well fields;
consequently, water levels have declined steadily.
Maximum declines during the period 1963-70 occurred
in the Nevins field and city artesian area. In the Nevins
field the maximum measured decline was 33.6 feet, and
in the city artesian area, the maximum decline was more
than 40 feet.

The recovery of water levels in the upper and
lower valleys from 1964 to 1969 indicates that large
quantities of ground water can be pumped during long
periods of drought without seriously depleting the
ground-water supply in the alluvium. In years when
adequate amounts of surface water are available,
recharge from surface water applied for irrigation is

about 84,000 acre-feet in the lower valley, and at least
47,000 acre-feet in the upper valley.

Recharge to the Hueco Bolson is increasing.
Recharge was computed to be 13.2 mgd from 1936 to
1942, and 34.7 mgd from 1963 to 1970. This increase in
recharge has occurred in the artesian part of the bolson,
and is derived from leakage from the alluvium that
overlies the bolson deposits.

Approximately 7,500,000 acre-feet of fresh water
is stored in the sediments in the bolson area, of which
6,800,000 acre-feet is in the mesa part of the bolson and
700,000 acre-feet is in the city artesian area. An
estimated 3,400,000 acre-feet of slightly saline water,
1,000 mg/l (milligrams per liter) to 3,000 mg/l dissolved
solids, is stored in the bolson deposits that adjoin and
underlie the fresh-water zone. This water can be blended
with fresh water to produce water that is suitable for
public supply.

The amount of fresh water available (560,000
ac-ft) in the upper valley has remained essentially
unchanged, because the rate of withdrawal s
approximately equal to the rate of natural recharge
(13.0 mad).

In the mesa area, the increase in the chloride
content of the water has not been serious; however, it is
increasing in water from a few wells. Water from wells in
the city artesian area has shown an increase in chloride
content of as much as 175 mg/| in the last 10 years.






DEVELOPMENT OF GROUND WATER
EL PASO DISTRICT, TEXAS,

INTRODUCTION

Location and Extent of the Area

The El Paso district is in the extreme western part
of Texas and includes all of El Paso County. Ciudad
Juarez, Mexico is included in the report area, because
this city and El Paso both pump ground water from the
same aquifer. Pumping by Ciudad Juarez had no
significant effect on the supply of water available in the
Texas part of the bolson. Data were provided by the
Superintendent, Ciudad Juarez Water Department,

In a previous report by Leggat (1962, p. 3), the El
Paso district was subdivided into four general areas on
the basis of ground-water development (Figure 17):
(1) The mesa area; (2) the city artesian area; (3) the
upper valley; and (4)the lower valley. The same
designations are used in this report.

Purpose and Scope of the Investigation

This report is the tenth in a series of reports
presenting information on ground-water development of
the El Paso district. These reports have been prepared by
the U.S. Geological Survey in cooperation with the
Texas Water Development Board and the city of El Paso.

The purpose of this continuing investigation is to
record the seasonal and annual variations in the amount
of ground-water withdrawals; to determine the areal
distribution of these withdrawals; to determine the
relationship of the ground-water withdrawals to
the changes in ground-water storage and to the
quality of water in the ground-water reservoir;
and to determine the amount of water that can
be perennially withdrawn from the various aquifers

without  detriment to the water supply for
irrigation.
This report updates the information on

ground-water pumpage, changes in water levels, and
changes in water quality during the period 1963-70. In
addition, this report presents records for wells drilled

IN THE
1963-70

during this period (Table 7), and presents information
on the total water budget for the El Paso district.

Previous Investigations

The geology, geography, and climate of the area
have been adequately described in several previous
reports. The geology and its relation to the ground-water
resources were discussed by Sayre and Livingston
(1945), Knowles and Kennedy (1958), Leggat and
others (1962), Leggat (1962), Davis (1965), and Leggat
and Davis (1966). Additional data pertaining to ground
water in the district have been published in reports by
Scalapino (1949), Smith (1956), and Audsley (1959).

GROUND-WATER DEVELOPMENT
AND PUMPAGE

Ground water in the El Paso district occurs chiefly
in the unconsolidated deposits of the Hueco Bolson
(mesa and city artesian areas), in the shallow alluvium of
the El Paso Valley (lower valley area), and the lower
Mesilla Valley (upper valley area, Figure 17).

Since 1963, the city of El Paso has drilled 25
municipal-supply wells, of which three are in the Airport
well field, two in the city artesian area, nine in the
Canutillo well field, six in the Nevins well field, and five
east of the Airport well field and north of the
escarpment.

In addition to the municipal-supply wells, the city
of El Paso drilled 24 shallow (50 ft) observation wells in
the upper and lower valley areas to measure water levels
and to obtain water samples for chemical analyses.

The International Boundary and  Water
Commission drilled 11 shallow observation wells. These
wells are measured every 3 months to study the effects
on water levels of the concrete lining that was installed
in the channel of the Rio Grande in the fall of 1968.

As the population of the El Paso district increases,
ground water use from deep wells continues to increase.



The average daily pumpage of ground water for public
supply, industry, and irrigation during the period
1963-69 is given in Tables 1-3. Pumpage from deep wells
(includes Ciudad Juarez) increased from 78.3 mgd
(million gallons per day)} in 1963 to 90.2 mgd in 1969,
In 1969, the city of El Paso pumped 50.5 mgd or about
56 percent of the total water pumped from deep wells

(2.4 mgd was from shallow wells in the Upper Valley),
and Ciudad Juarez pumped 19.8 mgd (Superintendent,
Ciudad Juarez Water Dept., written commun.). Industry
used 9.0 mgd; military establishments used 5.1 mgd; and
irrigation used 5.8 mgd. The average daily totals from all
wells are given in Table 4.

Table 1.—Average Daily Pumpage of Ground Water for Public Supply, 1963-69 (Millions of Gallons) 1/

YEAR MESA AREA CITY ARTESIAN AREA UPPER VALLEY \JIT;S:\I’_EERY TOTAL
MILITARY DEEP AND
CITY OF ESTABLISH- CITY OF CIUDAD 2/ MEDIUM SHALLOW
EL PASO MENTS EL PASO JUAREZ AQUIFERS AQUIFERS
1963 25.9 5.4 8.3 13.7 11.6 7.1 0.4 72.4
1964 25.1 49 10.1 16.1 13.6 6.2 4 75.4
1965 25.1 4.9 10.0 15.0 14.2 4.3 — 735
1966 208 5.1 7.5 15.0 14.2 3.1 - 64.7
1967 259 5.3 4.5 16.1 11.8 9.9 — 73.5
1968 26.0 5.4 10.0 17.6 10.4 4.0 - 73.4
1969 34.0 5.1 6.2 19.8 10.3 2.4 - 77.8
Total 1828 36.1 56.6 112.3 86.1 37.0 0.8 510.7
¥ One mgd (million gallon per day) is equal to 1,120.95 acre-feet per year.
2/ Data furnished by superintendent, Ciudad Juarez Water Department.
Table 2.—Average Daily Pumpage of Ground Water for Industry, 1963-69 (Millions of Gallons)
UPPER LOWER
YEAR MESA AREA CITY ARTESIAN AREA VALLEY V VALLEY TOTAL
1963 2.1 6.2 2.4 — 10.7
1964 2.6 5.9 2.6 — 11.1
1965 3.0 5.9 2.4 - 11.3
1966 3.1 5.9 25 — 11.5
1967 3.6 5.2 2.7 — 11.5
1968 3.4 5.4 2.4 - 11.2
1969 3.3 5.7 28 - 11.8
Total 21.1 40,2 17.8 - 79.1

V water pumped from shallow wells.



Table 3.—Average Daily Pumpage of Ground Water for Irrigation, 1963-69 (Millions of Gallons)

UPPER LOWER
YEAR MESA AREA CITY ARTESIAN AREA VALLEY ¥ VALLEY TOTAL
1963 4.7 - 17.4 43.2 65.3
1964 5.7 - 37.5 116.1 159.3
1965 6.8 — 19.4 47.7 73.9
1966 5.5 - 10.7 20.7 36.9
1967 5.3 - 24.0 46.5 75.8
1968 4.6 — 17.4 8.9 30.9
1969 5.8 - 4.0 45 14.3
Total 38.4 - 130.4 287.6 456.4
YV water pumped from shallow wells.
Table 4.—Average Total Daily Pumpage of Ground Water, 1963-69 (Millions of Gallons)
UPPER LOWER
YEAR MESA AREA CITY ARTESIAN AREA VALLEY VALLEY TOTAL
1963 38.1 28.2 38.5 43.6 148.4
1964 38.3 31.1 59.9 1165 245.8
1966 39.8 30.9 40.3 47.7 158.7
1966 34.5 28.4 30.5 20.7 114.1
1967 40.1 25.8 48.4 46.5 160.8
1968 39.4 33.0 34.2 8.9 1155
1969 48.2 31.7 19.5 45 103.9
Total 278.4 209.1 271.3 288.4 1,047.2
Pumpage by Ciudad Juarez is cited for Ground water pumped from the city artesian area

comparative purposes between the two water uses; it is
not included in the computations relating the depletion
of water stored in the Texas part of the Hueco Bolson.,

Of the 50.5 mgd pumped by the city of El Paso in
1969, about 67 percent was from the mesa area, 20
percent from the upper valley area, and 13 percent from
the city artesian area. The estimated average daily
pumpage from deep wells in the El Paso district,
1906-69, is shown on Figure 1. The pumpage of ground
water decreased considerably in 1966, when the city was
able to obtain more return water from the Rio Grande.
This return water is drain water returned to the river
after the irrigation season.

In the mesa area, pumpage of ground water
increased from 38.1 mgd in 1963 to 48.2 mgd in 1969.
About 70 percent of the water pumped from the mesa
area in 1969 was for municipal supply in El Paso.

ranged from 28.2 mgd in 1963 to 33.0 mgd in 1968.
Pumping by Ciudad Juarez, the principal user of water
from the city artesian area, increased from 13.7 mgd in
1963 to 19.8 mgd in 1969; the latter represents about
63 percent of the water pumped from the city artesian
area. The amount withdrawn by the city of El Paso
ranged from 10.1 mgd in 1964 to 4.5 mgd in 1967.
Industrial use of water from the city artesian area
decreased from 6.2 mgd in 1963 to 5.2 mgd in 1967.

Pumpage of ground water in the upper valley area
varied considerably during the period 1963-69. The least
amount of water pumped for public supply was 12.7
mgd in 1969, and the greatest amount was 21.7 mgd in
1967. Total pumpage for public supply from the
shallow, medium, and deep aquifers in the upper valley
area averaged 17.6 mgd during this period. Industrial use
averaged 2.5 mgd.
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Figure 1.—Estimated Average Daily Pumpage From
Deep Wells, 1906-1969

Irrigation is extensive in the upper and lower
valley areas. Ground water is used to supplement
surface-water supplies in most of the area, but there are
about 1,500 acres for which there are no surface-water
allotments and which are irrigated entirely with ground
water. The amounts of water available for irrigation in
the upper and lower valleys from surface-water sources
during the period 1963-69 are as follows:

SURFACE WATER ALLOTMENT

YEAR (ACRE-FEET PER ACRE)
1963 2.00
1964 .32
1965 1.85
1966 2.50
1967 1.60
1968 2.00
1969 3.00

In 1964 surface water was applied to about 15,000
acres in the Mesilla Valley below Anthony, Texas, with
the area about equally divided between Texas and New
Mexico. The amount of ground water pumped varied
inversely with the amount of surface water available. In

1964, when little surface water was available, 37.5 mgd
of ground water was pumped for irrigation; but in 1969,
when the surface-water allotment was adequate, only 4.0
mgd was pumped.

In the lower valley area where 45,000 acres in El
Paso are irrigated, ground water is used to supplement
surface water for irrigation. The amount of ground water
pumped for irrigation ranged from about 116.1 mgd in
1964 to 4.5 mgd in 1969.

FLUCTUATIONS OF WATER LEVELS

Water levels in wells in the El Paso district
fluctuate in response to natural causes such as changes in
atmospheric pressure, amount of recharge, and
evapotranspiration. Water levels are affected artificially
by pumping from the aquifer. The fluctuations of the
water table (top of the zone of ground-water saturation)
indicate changes in the amount of water in storage in the
aquifer. Minor fluctuations generally result from natural
causes. Major fluctuations result from heavy pumping
from the aquifer.

Water levels have been recorded in an extensive
network of observation wells in the El Paso district since
1954. Measurements are usually made in January, so
that the effects of seasonal pumping will be minimized.

Mesa Area

The fluctuation of water levels in most of the wells
in the mesa area closely reflect the changes in rates of
ground-water withdrawal. During the period 1963-69,
the rate of withdrawal was fairly constant (about 39
mgd), except in 1966, when it decreased by about 5.0
mgd and in 1969, when it increased by about 9.0 mgd
(Table 4). In general, most of the hydrographs of
representative wells in the mesa area (Figure 2) show a
fairly steady rate of water-level decline. The wells nearer
the center of the areas of heavy pumping have declined
at a faster rate than those at greater distances. The
addition of new wells in the Nevins and Airport well
fields caused the cones of depression to deepen and
expand to the east and north.

The approximate declines in water levels during
the periods 1963-70 in the mesa and city artesian areas
are shown on Figure 3. The approximate altitudes of
water levels during January 1970 are shown on Figure 4.
The maximum measured decline was 33.6 feet in well
R-28, which is located near the Franklin Mountains. The
greater decline in this well probably results from
pumping of well R-88 and its proximity to the
permeability barrier formed by the mountains. Actually,
water levels may have declined as much as 40 or more
feet in the city artesian area, as determined from the
superimposing of maps showing the altitude of water
levels in 1963 (not shown) and in 1970 (Figure 4).
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Figure 2
Hydrographs of Selected Observation Wells in the
Mesa Area and City Artesian Area
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During the period January 1963 to January 1970,
a decline of 18.0 feet occurred in well V-42 in the
Airport well field (Figure 5). The rate of decline in this
well, which has increased greatly in the last 2 years
(1968-69), reflects the pumping of the new city well
V-1656. A decline of 12.8 feet occurred in well R-62
(Figure 6), which reflects the gradual decline caused by
pumping in the Nevins field. In 27 wells in the mesa
area, the average water-level decline was 9.25 feet.

Water-level declines in the mesa and city artesian
areas during the period 1903-70 are shown on Figure 7.
The map was constructed by superimposing maps
showing the altitude on the water table in 1903
(Figure 8) and 1970 (Figure 4). The largest declines,
which were more than 60 feet, occurred in the older
pumped part of the mesa area and extended southward
to the city artesian area. In and near the Nevins field,
which was developed fairly recently, the water levels
declined more than 45 feet.

City Artesian Area

Water levels in the city artesian area respond more
rapidly to changes in pumping rates than those in other
areas. Seasonal fluctuations of 16 to 18 feet are not
uncommon. The hydrographs of wells V-46 and V-69
(Figure 2) show that the water levels were the highest in
1951 and the lowest in 1965. The net decline was about
50 feet. Since 1965, the water levels have risen about 20
to 25 feet. This rise is accounted for by a decrease in
pumping by El Paso.

In 1968, a study was made in the Chamizal
Settlement area southeast of downtown ElI Paso to
determine the effects of the water table resulting from
relocating and lining the channel of the Rio Grande with
concrete. The results (Leggat, oral commun., 1968)
indicated that lining the channel would substantially
reduce the recharge to the alluvium. As a result, the
water levels could be expected to decline. The
hydrographs of wells V-175 and V-176 (Figure 9) reflect
this decrease in recharge; however, a part of the decline
can be attributed to leakage of water from the alluvium
to the underlying artesian aquifer in which the head has
been lowered below the head in the alluvium. The extent
of the decline resulting from lining the channel has
reached at least as far as well V-177, V-178, and V-179
(Figures 17 and 9), but not as far as wells V-171 and
\-172, which are downstream from the lined channel.

Upper and Lower Valley Areas

Changes in water levels in the alluvium of the
upper and lower valley areas are directly related to the
amount of surface water available for irrigation. Water
levels are generally higher during the spring and summer
months, because of recharge from the infiltration of
surface water applied to the land and lower during the

-13-

winter in response to the discharge of ground water to
the drain and to the river. In years when the
surface-water supply is insufficient and most of the
water for irrigation is supplied by pumping ground water
from the alluvium, the water levels in wells are lower in
the summer and higher in the winter. These conditions
are shown by the hydrographs of wells in Figure 10.

Water levels in the upper valley changed little
during the period from January 1969 to January 1970.
In 1969, the surface-water allotment was 3.0 acre-feet
per acre; consequently, the water levels rose over most
of the valley. The rise was as much as 6 feet in the
shallow aquifer of the Canutillo well field, which
reflected the near cessation of pumping in 1969 by the
city of El Paso. In two small areas, however, a decline of
about one-half foot occurred. One area is just north of
Old La Union, and the other is in the southwestern part
of the valley.

The relation of pumpage to the depth of water in
observation wells in the Canutillo well field is shown on
Figure 11. The hydrograph of well Q-86, in the shallow
aquifer, shows that water levels were lowest in 1964,
when surface-water supplies for the city of El Paso were
reduced to 2.8 mgd. At this time, 6.2 mgd was pumped
from the shallow aquifer.

The lower valley area is primarily an irrigated
farming area with water availability and water-level
fluctuations being very similar to those of the upper
valley area. The hydrographs of several wells in the lower
valley area are shown on Figure 10. During the period of
1963-70 water levels declined from 1964-65, but since
then have generally risen and show only the normal
seasonal fluctuations.

Water levels in the lower valley area changed little
during the period January 1969 to January 1970. Along
the east side of the valley from Ysleta to Fabens, the
water levels declined a maximum of about 1.5 feet. This
decline might have been caused by cleaning and
deepening of the drains. The greatest changes were in the
downtown area, where water levels declined as much as
11 feet, due in part to the lining of the channel of the
Rio Grande, and in part to leakage of water from the
alluvium to the artesian aquifer.

SIGNIFICANCE OF
WATER-LEVEL CHANGES

The amount of material dewatered for the period
1963-70 in the water table part of the bolson was about
987,000 acre-feet. The volume of material affected by
artesian head change in the artesian part of the bolson
was about 355,000 acre-feet. The amount of water taken
from storage was estimated to be about 148,400
acre-feet. During this period, approximately 420,000
acre-feet of water was pumped from the bolson;
therefore, the recharge for the 7-year period was about
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Figure 9.—Hydrographs of Observation Wells Maintained by the International Boundary and
Water Commission in the Chamizal Zone

271,600 acre-feet, or 38,800 acre-feet per year (34.6
mad).

The apparent increase in recharge can be
attributed to several factors: (1) The cone of depression
has intersected the point of natural discharge; (2) the
cone of depression has intersected the recharge area, and
(3) sufficient drawdown has occurred in the artesian
zone to create a larger differential head between the
water-table aquifer and the artesian aquifer, thus
inducing a higher rate and greater area of leakage.

The data show a much larger decline in the
artesian aquifer than in the water-table aquifer (Smith,
1956). Smith also reported, that before there was any
pumpage from the artesian aquifer in the area, the head
exceeded the head in the alluvial aquifer, and flow was
from the deep aquifer to the alluvial aquifer. As the
amount of pumping from the deep aquifer increased, the
amount of upward flow decreased; and when the water
level in the deep aquifer fell below the water level in the
shallow aquifer, flow was reversed; and the shallow
aquifer now supplies the deep aquifer.

At present, there is a fairly large area in which the
head differential is more than 50 feet. This would mean
that natural discharge from the artesian part of the
bolson has ceased and a recharge area has been created.
The water level in the alluvial aquifer has not declined as
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fast, because the alluvium is being recharged by leakage
from the unlined part of the river channel.

In the industrial area, where there is sustained
pumping from the artesian aquifer, the water quality has
deteriorated. This deterioration probably is caused by
leakage of saline water from the shallow aquifer to the
deep aquifer; however, in some wells, the increase in
salinity might be caused by leaking casings in poorly
constructed wells. Also, the rapid decline of water levels
in the alluvial aquifer in the downtown area indicates
leakage to the artesian aquifer, because there is no
pumping from the alluvial aquifer. The leakage probably
has been occurring for several years, but the water-level
decline in the alluvial aquifer did not occur until
recharge from the river had been eliminated by lining the
channel.

GROUND-WATER AVAILABILITY

The saturated thickness of the deposits containing
fresh water in the Hueco Bolson in 1969 is shown on
Figure 12. The volume of saturated material is at least
50,000,000 acre-feet.

By assuming a specific yield of 0.15 for the bolson
deposits, 7,500,000 acre-feet of fresh water is in storage.
Of this total volume, 6,800,000 acre-feet is available in
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the mesa area and 700,000 acre-feet is available in the
city artesian area.

Pumping of a large percentage of the available
fresh water will result in salt-water intrusion. Data are
not available to determine how much of the fresh water
can be pumped before salt-water intrusion occurs, but
it will probably be evidenced by a gradual deterioration
in the water quality.

In addition to the large volume of fresh water
available from the Hueco Bolson, about 34,000,000
acre-feet of material containing slightly saline water
(1,000 to 3,000 mg/l dissolved solids) underlies and
adjoins the fresh-water deposits. This water could be
blended with the fresh water to produce water that is
suitable for public supply.

Information  available for the deep and
intermediate aquifers in the upper valley area is from
wells in the Canutillo well field. The hydrographs of
several of these wells (Figure 10) indicate that when the
wells are shut down for a period of time, the water level
soon recovers. This indicates that the average annual
withdrawal (14.2 mgd) is approximately balanced by the
average annual recharge, which was estimated to be
about 13 mgd (Leggat and others, 1962, p. 18). In
addition to this perennially available supply, about
410,000 acre-feet of fresh water is stored in the two
aquifers.

The alluvial deposits in the upper and lower valleys
contain substantial quantities of water; the quality,
however, ranges over wide limits. According to Davis
(1967, p. b), at least 18,000,000 acre-feet of saturated
alluvium underlies those parts of the two valleys in
Texas. Of this, about 12,000,000 acre-feet contains
water having less than 2,500 mg/l (milligrams per liter)
dissolved solids. Assuming an average specific yield of 15
percent for the alluvium, it is estimated that the volume
of theoretically (but not necessarily economically)
recoverable water having less than 2,500 mg/| dissolved
solids is about 1.8 million acre-feet. Of this, 1.4 million
acre-feet is in the lower valley, extending from El Paso
to the El Paso-Hudspeth County Line, and slightly more
than 400,000 acre-feet is in the upper valley. This
estimate is based on the assumption that the aquifer is
full, that is, the water levels are at the level of the
bottom of the river and the drains.

Additional and at times, large volumes of ground
water are potentially available from the alluvium in the
two valleys, even when the aquifer is full. This water,
which W. P. Meyer and J. D. Gordon (written commun.,
1970) referred to as "‘potential ground-water recharge”,
is derived from the infiltration of irrigation water and
from seepage losses in the canals and laterals; however,
due to the fullness of the aquifer, a large part of the
water is rejected and becomes drainflow. The volume of
potential recharge available will range over wide limits,
depending upon the availability of surface water for
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irrigation. A water-budget study for the lower valley
indicated that the potential recharge to the alluvium
from the infiltration of irrigation water and from canals
and laterals amounted to 75,000 acre-feet in 1968, (W.
R. Meyer and J. D. Gordon, written commun., 1970)
and 84,000 acre-feet in 1969. The potential recharge in
1968 was roughly equivalent to 25 percent of the total
inflow to the valley.

A summary of the water budget for the lower
valley area during 1969 is given in Table 5. The
imbalance of 34,600 acre-feet is probably caused by:
(1) Leakage from the river to the shallow aquifer, which
in turn leaks into the artesian aquifer; and (2) an
unmeasured amount of water that is diverted to Mexico
by pumps along the river and by the flow in a deep drain
paralleling the river on the Mexican side.

The potential ground-water recharge in 1969 is
represented by the sum of: (1) Drain flow (65,500
ac-ft); (2)loss to phreatophytes (13,000 ac-ft);
(3) pumpage from the alluvium (5,000 ac-ft); and (4) the
difference between ground-water inflow and outflow
(700 ac-ft). Therefore, the potential ground-water
recharge was approximately 84,000 acre-feet in the
lower valley area, or about 1.55 acre-feet per acre of
irrigated land. This amount is 53 percent of the water
applied to land surface or 24 percent of the total
amount of surface-water inflow to the area.

A similar budget study made in 1969 in the upper
valley area revealed that ground-water recharge was at
least 35,000 acre-feet. This total amount consisted of:
(1) An  increase in drain flow (21,240 ac-ft);
(2) pumpage from the shallow aquifer (10,800 ac-ft);
and (3) an increase in storage in the shallow aquifer
(3,400 ac-ft). The amount of water pumped from the
intermediate and deep aquifers (11,570 ac-ft) is not
included in this calculation of recharge. Part of the water
entering the ground-water reservoir was lost to
phreatophytes that are abundant in parts of the area.
During the summer months, the water table is within
5feet of the surface, and some water is lost by
evaporation.

The data reveal that most of the potential recharge
leaves the lower end of the two valleys as drain flow;
however, if the water table were lower than the river and
drains, this water could be held in storage in the
alluvium and could be pumped when needed.

Total recovery of the drain flow by pumping from
the ground-water reservoir, although possible, is not
advisable because of the unfavorable salt balance that
would result.

WATER QUALITY

Fresh ground water is only a small part of the total
amount of ground water in storage in the El Paso



Table 5.—Summary of the Water Budget for the Lower Valley Area During 1969

WATER-BUDGET ITEM

Surface-water inflow
Ground-water inflow
Precipitation

Total

Surface-water outflow
Ground-water outflow

Water used by crops

Water used by phreatophytes
Evaporation

Change in ground-water storage

Total

Water-budget imbalance

Y Inflow.
2/ outflow.

Qv Q¥ +rL¥+s¥
(ACRE-FEET) (ACRE-FEET)

308,900
2,800
37,000
348,700

116,900

2,100

140,800

13,000

46,600

3,200

314,100

34,600

3/ |oss such as crop use, evaporation, and consumption by phreatophytes.

4/ Change in ground-water storage.

district. Fresh-water sands are usually underlain or
adjoined by sands containing slightly saline water in the
Hueco Bolson. The artesian area contains a section of
fresh-water sands that are overlain and underlain by
sands containing slightly saline water. In general, the
salinity increases with depth.

In the mesa area, fresh water occurs in an irregular
zone with a trough-like configuration in the shape of a
“y" One branch of the "Y' nearly parallels the
Franklin Mountains, and the other branch parallels U.S.
Highway 54.

The results of the chemical analyses of water
samples made during the period 1963-70 are given in
Table 6. Most of the chemical analyses were made to
determine the changes in the chloride content of the
ground water. When chemical changes are noted, the
chloride content is usually the constituent showing the
greatest change; therefore, it is used as an indicator of
water quality.

Graphs showing the changes in chloride content of
water from selected wells in the district are shown in
Figure 13. Water samples were taken after the wells had
been pumped for at least 20 hours to obtain a
representative sample. The chloride content had varied
considerably, but the overall change had not been large
in most wells in the mesa area. However, as pumping
continues and the cone of depression deepens and

expands laterally, the movement of saline water to the
wells may be accelerated.

The sands containing fresh water in the city
artesian area occur between beds of sand that contain
saline water: therefore, contamination of fresh water
may occur from intraformational leakage or from
leaking well casings.

Contamination is evident in wells V-94 and V-98,
both of which are in an industrial area. The changes in
water quality are causing problems for several industries,
because their processes require water containing a
relatively low chloride content.

The chemical quality of the water in the alluvium
of the upper and lower valley areas varies considerably.
The locations of wells, the depths, and dissolved-solids
contents of the water in these areas are shown on
Figures 14 and 15. The shaded parts of these maps show
the areas where the dissolved-solids contents are more
than 2,500 mag/l. In general, the water becomes
progressively more mineralized toward the lower end of
the valleys.

These maps show that water in the alluvium
between El Paso and Socorro, Texas contains less than
2,600 mg/I dissolved solids. Between Socorro and the El
Paso-Hudspeth County line, most of the water in the
alluvium contains more than 2,500 mg/| dissolved solids.
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Figure 13.—Chloride Content of Water From Selected
Wells in the El Paso District

In the area near Fabens, the improved water quality
probably results from inflow from several arroyos
entering the valley in this vicinity.

In the upper valley area, the water in the alluvium
contains less than 2,500 mg/| dissolved solids, except in
the extreme lower end of the valley. Most of the wells in
the upper and lower valley areas are screened from the
water level to the bottom of the well; therefore, the
quality of the water pumped for irrigation is a composite
of the water quality throughout the screened zone of the
well,

SURFACE-WATER SUPPLY

Prior to 1943, most of the water pumped from the
Rio Grande was for irrigation; however, a small amount
was pumped from the river primarily for industrial use.
In 1943, the city of El Paso installed a surface-water
treatment plant with a capacity of 10 mgd; in 1950, the
capacity of this plant was increased to 20 mgd.
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The city of El Paso has a contract with the U.S.
Bureau of Reclamation to divert waters from the Rio
Grande as follows: (1) Water for farmland owned by
the city; (2) leased water rights from owners of small
tracts (2 acres or less); (3) surplus water in the river
during irrigation seasons; and (4) return flow from the
irrigation drains. The water for farmland owned by the
city is available from March 1 to September 30, and the
amount is based on water allotted per acre. Surplus
water in the river results from storm runoff and lasts for
short periods of time. The return flow from irrigation
drains is available to the city, but the quality and
quantity diminish after the irrigation season.

Surface water used by the city of El Paso is
pumped from the American Canal treatment plant,
located approximately 4 miles downstream from the
American Dam. During the irrigation season, water in
the American Canal is largely released from the Caballo
Dam (in New Mexico); however, it contains return flow
from irrigation drains in the upper Mesilla Valley. During
the irrigation season, the water in the American Canal
contains about 1.1 tons of dissolved solids per acre-foot;
however, after the irrigation season, the water contains
about 2.25 tons of dissolved solids per acre-foot.

The plant was not designed for treatment of water
with a high concentration of dissolved solids;
consequently, after the irrigation season, the surface
water could not be used in the treatment plant, and
operations ceased during the fall and winter months.
Since 1966, the city has been using ground water from
five wells near the treatment plant to blend with the
saline water from the canal with the intention that
usable water would be pumped by the treatment plant.
This practice extended the usefulness of the plant and
reduced the pumpage from deep wells to approximately
6.0 mgd.

The average daily diversions from the Rio Grande
since 1943 are shown on Figure 16. These data do not
include the water from the shallow wells in the Canutillo
field, nor the water from the downtown wells that blend
with the drain water.

FUTURE DEVELOPMENT

Although small additional surface-water supplies
have been made available to the city of El Paso, ground
water continues to be the most important source of
supply, and the amount pumped is continuing to
increase.

The city has explored all known fresh
ground-water supplies in the Texas part of the Hueco
Bolson and in the upper valley area. However, an
additional 3,400,000 acre-feet of water containing 1,000
to 3,000 mg/l of dissolved solids is available in the sands
directly underlying or adjoining the fresh-water body in
the Hueco Bolson. Although the water is unsuitable for
drinking because of the chloride content (usually
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Figure 16.—Average Daily Diversions of Water From the Rio Grande for Municipal Use

exceeds 250 mg/l); it is satisfactory for either blending
with water of better quality or for desalinizing. The
upper and lower valleys contain water which is presently
being discharged as drainflow, and if the water table
could be lowered by pumping below the bottom of the
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river and drains, this water would remain in storage and
available for development by the city. Much of this
water is discharged as drain flow, but it could be
retained in storage if the water table could be lowered
below the river and drain.
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